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DIRECTIONS TO CONTRIBUTORS 


Owing to restrictions in the supply of paper at present in force it is essentia! that 
all papers submitted for publication should be as concise as possible. In the 
interests of the Journal it will be necessary for the Editors to return any paper 
which does not satisfy this condition. 

Gofnmuiiicatioiis. Papers submitted for publication should be sent to Professor F. G. Young, 
St Thomas’s Hospital Medical School, Manor House, Godaiming, Surrey. Communications respecting 
the purchase of reprints should be addressed to the University Press, Cambridge. 

* 

Official Secrets Act. Authors are required to make themselves familiar with the Official Secrets Act, 
and to submit a signed statement that their coimnimi cation contains nothing which contravenes 
the provisions of that Act. 

General. Submission of a paper to the Editorial Board will be held to imply that it is not under 
consideration for publication elsewhere, and that if accepted for the Biochemical Journal it will not 
be published otherwise in the same form, either in English, or in any other language, without the 
consent of the Editorial Board. 

Contributors who reside outside Great” Britain are requested to nominate somebody in Great 
Britain who is willing to correct the proofs of their papers. Papers from such contributors should be 
accompanied by a statement of the number of reprints required. 

Unless confusion would otherwise arise, contributors’ names should appear as initials and surnames 
only, without titles or suffixes. The name and address of the laboratory where the work was per- 
formed should be given. Any necessaiy descriptive material regarding the author, e.g. Beit Memorial 
Fellow, should appear in brackets after the author’s name, or at the end of the paper, and not in the 
form of a foot-note. 

Typescripts should carry an indication of the name and address of the person to whom the proof 
of the paper is to be sent, and should give also a shortened version of the paper’s title, not exceeding 
forty-five letters and spaces in length, suitable for a rumiing title for the published pages of the work. 

Format of Papers Submitted for Publication. Papers intended for publication must be in double- 
spaced tjrping, and in the English language. They should, in general, be divided into the following 
parts: (a) Introductory paragraph, containing the reasons for publication of the work; (6) Experi- 
mental methods adopted: with chemical papers the experimental part will normally appear towards 
the end, but with other types bf publication Methods should appear after Introduction; (c) Results: 
these should be given as concisely as possible, preferably in the form of figures or tables. Tables and 
figures illustrating the same data will only rarely be permitted. Illustrative protocols only should 
be included ; (d) Discussion : it is desirable that the presentation of the results and the discussion of 
their significance should be considered separately; (e) Summary: a brief self-contained summary, 
amounting to not more than 3 % of the length of the paper, should be included. The paragraphs of 
the summary should be numbered ; (/) References : these should be given in the text thus : Barnett 
& Robinson [1942], [Culbertson & Thomas, 1933]; where a paper to* be cited has more than two 
authors, the names of all the authors should be given when reference is first made, e.g. [Osborne, 
Mendel & Ferry, 1919]; subsequent citations should appear thus: [Osborne etaL, 1919]. Where more 
than one paper by the sanie authors has appeared in one year the reference should be given as 
follows: Osborne & Mendel [1914a]; Osborne & Mendel [19146]; or Osborne & Mendel [1914a, 6]. 
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the name of tlie fast author of the publication q > , , ^ ^ abbreviated in accordance with 
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tioii and the uiimber of the edition to which reference is made. Thus. 

B imett J. W. & Robinson, F. A. [1942]. Biochem. J. 36, 364. 
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_ _ [19146]. J. biol. Chem. 18, 1- 

-& Ferry, E. L. [1919]. J. 6iol. Cfeem,. 37, 233. 

Starling, E. H. [1915]. Principles of Htunan Physiology. 2nd ed. London: Chnrcl i . 

Tables. Tables should normally carry headings describing their contents. The 
data e s 2 /lOO ml should be given at the top of each column, and not repeated on each line of the 
tue. Sbfas should not normaUy be included in the body of the text, but should appear separately. 
Their approximate positioB. in the text should be indicated. 

Chemical Formulae. These should be written as far as possible on a single horizontal fane. They 
may be employed instead of the names of substances wherever their use saves space and their inter- 
pretation is clear; but rvith salts it must be stated whether or not the a,nhydrous material is used, 
L anhvd CuSO„ or which of the different crystalline forms is indicated, e.g. GuS04.6flaU, 

(JsO..H.O. 

Description of Solutions. Solutions of common acids, bases and salts are preferably defined in 
terms of normality (iV) or molarity (M). The term ‘ %’ must be used in its correct sense, i.e. g./WO g 
of solution 10 % HCl means 10 g. of hydrogen chloride in 100 g. of aqueous solution, and should 
never be used to indicate a ten-fold dilution of laboratory concentrated hydrochloric acid. For 
‘per cent by volume ’, i.e., ml./lOO ml., the term ‘ % (by vol.) ’ may be employed. To indicate that a 
giv .11 weight of substance is contained in 100 ml. of solution, the term ‘ % (w/v) ’ (weight per volume) 
may be used. 

Symbols and Abbreviations. In general, symbols and abbreviations should be those adopted by 
the Chemical Society and by British Chemical and Physiological Abstracts. The attention of 
authors is particulaiV drawn to the foUowing symbols; m = (mUli) = 10-3 and p, = (micro) = 10-«. 
Note also that ml. (millilitres) should be employed instead of c.c., and p,g. (mierogrammes) 
instead of y. 

Reprints. Where at least one author of a paper is a member of the Biochemical Society, twenty- 
five reprints are supplied free of cost. If the supply of paper permits an author may purchase 
additional reprints if he notifies the Press on the appropriate form immediately the proof of the paper 
is received, but until the present restrictions on the supply of paper are relaxed, only in exceptional 
circumstances will more than a total of 100 additional reprints be supplied. 
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The Structere of Arachidonic and Linoleic Acids 

By C. L. arcus and I. The Lister Institute, Chelsect 

Bridge Road, London, >S.PF. 1 

(Received 3 September 1942) 


Early in 1940 Shinowara & Brown described the 
result s of the ozonolysis of methyl arachidonate and 
of its oxidation by KMn04 in acetone solution. As 
a result of their ex periments they formulated arachi- 
donic acid as A*'-^*’'^'*-^®-eicosatetrenoic acid (I): 

CH3 . CH:CH . GH^ . CH., . CH:CH . CH^ . GHo . CH:CH . 

CH2 . GH3 . CH:CH . CHg . CH^ . CHg .CH^ . CO^H (I) 
They emphasized that this structure was not fully 
confirmed and must be regarded only as a tentative 
suggestion. Before the api3earance of this paper, 
Dolby, hTunn & Smedley-MacLean had for some 
time been engaged in elucidating the structure of 
this acid, using tlie method of alkaline perman- 
ganate oxidation and as their results were entirely 
at variance with those obtained by Shinowara & 
Brown, they published a preiiminary account [1940] 
indicating that arachidonic acid was 
eicosatetrenoic acid (II) : 

CH3 . GHa . GHa . CHg . GH^ . GH:GH . GHg . CH:GH . 

GH. . CH :CH . CH2. CH:CH . CH^ . CH^. GH^ . CO2H (11) 
The evidence for this structure was that glutaric and 
succinic acids were the only dibasic acids isolated; 
the amount of glutaric acid obtained w^as very small 
but it gave no depression in melting-point wdien 
mixed with the pure acid. From the other end of the 
molecule a- fraction of volatile fatty acids was 
obtained whicli behaved like a mixture of valeric 
and caproic acids. The melting-point of the p- 
bromo]iiienacyl caproate separated by fractional 
crystallization was not raised to that of the pure 
compounch and it was considei'od desirable at some 
future time to confirm this result. The authors felt 
justified, however, in proposing the formula (II) for 
arachidonic acid. 

From the ];)iological point of view, the structure 
of arachidonic acid is of considerable importance. 
According to the results of Smedley-MacLean & 
Hume [1941] the rat synthesizes clupanodonic 
acid (docosapentenoic acid) only if linseed oil acids 
are supplied, and it is considered probable that these 
acids are also tiie prceui’sors of arachidonic acid in 
the body. If tlu^ formula of Dolby el aL were correct, 
the 11 terminal carbon atoms of arachidonic and 
linoleic acids would, bo identically linked and the 
biological synthesis would involve the addition of 
2 ear):)on atoms at the carboxyl end of the molecule 
and the introduction of double bonds at the 5.6 and 
8.9 i)ositions of the Gbo c^^^^^in or in the 3,4 and 6. 7 
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positions of the chain. On the other hand, the 
tentative formula suggested by Shinowara & Brown 
bore no resemblance to that of linoleic acid and did 
not contain the structure 

—CHUH . GH2 , CH:GH— 

Characteristic of the linseed acids. A comparison of 
the ozonolysis products of methyl arachidonate and 
ethyl linoleate was therefore undertaken by the 
present authors, together with an acetone-perman- 
ganate oxidation of the former, and the investi- 
gation had been almost completed when a communi- 
cation from Mo wry, Erode & Brown [1942] appeared 
in which the formula (I) tentatively suggested by 
Shinowara & Browm was withdrawn and that 
proposed by Dolby et al. (II) entirely confirmed. 
The later work of the American authors had been 
carried out on a large scale, using 197 g. of arachi- 
donate in place of 11 g. employed in our experi- 
ments, enabling them to isolate relatively large 
quantities of purified oxidation products. 

An eicosatetrenoic acid has been isolated by 
Toyama & Tsuchiya [1935] frpm fish oil which gave 
on oxidation only acids containing 4 carbon atoms. 
They therefore considered it to be A'^’®'^‘^-^^heicosa- 
tetrenoic acid which contains 4 of the groupings 
— GHiCH.CHa.GHa-- 

and in which the characteristic linseed acid struc- 
ture is absent. This acid has been designated 
arachidonic acid, but it seems certain that it is not 
identical with the arachidonic acid prepared from 
ox suprarenal fat, and it is unfortunate that the 
same name should be employed. We suggest that 
the name arachidonic acid be reserved for that origin- 
ally isolated by Hartley [1909] from pig’s liver, to 
which the constitution '^^-eicosatetrenoic acid 

is assigned, and that the name should not be used to 
describe the acid obtained from fish oil. 

A survey of the literature showed that apparently 
the only work on the ozonolysis of linoleic acid was 
by Takahashi [1921] whose results cannot be re- 
conciled vvnth the commonly accepted formula. This 
provided an -additional reason for completing the 
present work. Takahashi ozonized the acid prepared 
from soya-bean and rice-bean oils ; among the pro- 
ducts he identified normal butyric acid and the 
corresponding aldehyde, glutaric acid and its di- 
aldehyde, azelaic acid and its half aideliyde. .He 
therefore represented the double bonds as occurring 
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in tiie 9:10 and 14:15 positions (III) instead of in the 
9:10 and 12:! 3 positions (IV) as has been generally 

aueeptofl : 

C HgCHs . Clio . CHrCH . CHo . CH^ . CH^ . CH:0H . CHg . 

“ CH2.(1E,.CH2X!H2.CH,>XH2^ (III) 

CHg. . C,Ho . CHa . CHg . CHe . CH:CH . CHg . CH:CH . CHg . 

GHa.CHs.CHa.CHs.CHa.CHa.COsH (IV) 
Takafiaslii stated that the tetrabromo- and tetra- 
liydrox\'-rftfaric acids obtained from his linoleic 
acid wen.‘ identical with those prepared from the 
lirioieic acid of poppyseed oil. Haworth [1929] pre- 
pared linoleic acid from both soya bean and pox^py- 
seed oils, and obtained products by oxidation with 
acetone -permanganate, and with alkaline perman- 
ganate, wliich 'were in agreement with formula (IV). 
Birosel [1937] found the linoleic acid prepared from 
soya bean oil identical with that from cottonseed 
oil; both gaY^e the normal tetrabromo- and tetra- 
iiydxoxy -stearic acids. Ethyl linoleate has now been 
prepared from iinoieic acid tetrabromid© (m.p. 114- 
115®), obtained from maize oil, and on ozonolysis it 
gave products in agreement with formula (IV) 
(A^*^‘hoetadecadienoic acid). We therefore do not 
confirm the results of Takaliashi. 

Erdmann, Bedford & Raspe [1909] have ozonized 
linolenic acid (V) and its esters: 

OHsCa^ . CH:CH . CHa . CH:CH . CHa . CH:CH . / 

OH2.CH2.CH2.CH2.CH2.CHa.CH2.CO2H (V) 
They adopted the view of Harries that the ozonide 
decomposes giving an atom of nascent oxygen for 
each ozonide group, and that this oxygen may react 
with HgO forming HgOa or may oxidize the alde- 
hydes to acids; mider these conditions the lower 
aliphatic aldehydes are those most easily oxidized. 
Eui’ther oxygen is available because linolenic acid 
and its ethyl ester, when ozonized in chloroform 
solution, yield the ozonide peroxide ; the increase in 
weight noted indicates this to be the case also for 
ethyl linoleate. The ozonide of methyl arachidonate 
was decomx>osed without removal of solvent but it 
is likely that it also is an ozonide -peroxide. Erd- 
mann al. [1909] found that the grouping 
— CH:CH . CH2 . CH:CH— 

yielded an ozonide which, with water, gave formyl- 
acetic acid, the latter decomposed at 60® to acet- 
aldehyde and COg: 

0 . 0 

—CH— CH— jSWie— CHO + CHO . CHa . COjH + CHO— iJ'. 


00 

\o/ 

In oui' experiments, on decomposing the ozonides, 
acetaldehyde was trapped in 2:4-dinitrophenyl- 
hydrazino solution and COj in NaOH solution. 


Methyl arachidonate was prepared from arachi- 
donic acid octabromide obtained from ox supra- 
renal fat kindly supplied to us by Messrs Allen and 
Hanburys Ltd. It had the characteristics recorded 
in the experimental portion. The observed molecular 
refractivity was 100*4 units, the calculated value 
being 99*05. It is considered from this result that in 
pure methyl arachidonate the double bonds are not 
conjugated, and that the slight exaltation shown is 
to be ascribed to the incidence of rearrangement of 
double bonds into conjugated positions in a fraction 
of the ester during distillation ; this is regarded by 
Farmer & van den Heuvel [1938] as unavoidable ex- 
cept in molecular stills. The exaltation may be due 
in part to anomalous dispersion, since the refractive 
index for A5461 was found to be lower than that .for 
^5893* The products isolated were identified by the 
melting-point and by the mixed melting-point with 
an authentic specimen, the dibasic acids directly, 
the monobasic acids after conversion into p-bromo- 
phenacyl esters, and the aldehydes after conversion 
into 2:4-dinitrophenylhydrazones. The amounts of 
the products were estimated as far as possible, and 
where the yields are considerable, though non© are 
nearly quantitative, they are recorded in Table 1 ; in 
all three experiments the only Y^olatile acids found 
were caproic and acetic, and on the assumption that 
only these wore present the quantities given in 
Table 1 were calculated from the weights and ©qiii- 
valent weights of the various sodimn salts. 

Table 1. Ozonolysis of methyl arachidonafs 


Methyl 

arachi- 

Acetaldehyde 

2*4-dim- 

trophenyi- 

Na 

Ka 

donate 

CO2 hydrazone 

oaproate 

acetate 

Wt. (g.) 5*74 

0*966 1*976 

0*686 

2*046 

Moles 18*0 

22*0 8*8 

5*0 

25-0' 

( X 10-3) 

Ratio 1*0 

1*2 0*5 

0*3 

1*4 


Glutaric acid was identified and the presence of caproic 
aldehyde indicated. The figure given for sodium acetate 
must be regarded as approximate. 

Oxidation of ?nethyl arachidonate by acetone -KlMnO.^ 

Methyl 

arachidonate 

5*0g. less 1*0 g. Acetic Caproic 

recovered CO2 acid acid 
Wt. (g.) 4*0 2*38 0*86 0*82 

Moles (xi0~3) 12*6 54*1 14*3 7*1 

Ratio 1*0 4*3 1*1 0*6 


acid were indicated. A hydrocarbon identified as w-CgyHgg, 
and polymerized material (0*63 g.) were also isolated. 

Ozonolysis of ethyl linoleate 


Ethyl 


Na ' 

Azelaic 

linoleate 

0 

0 

caproate 

acid 

3*37 

,0*259 

, , 0-848' 

0*753 

10*9 

.5*9'' ■ 

: fi*! : '• 

4*0 

1*0 

fi*5 , 

0*6 

0*4 


Wt. (g.) .3*37 ,0*259 0-848' 0*753 

Moles ( x 10“3) 10*9 5*9 6*1 4*0 

Ratio 1*0 0*5 0*6 0*4 

Acetaldehyde 2:4-dinitrophenyihydrazone was identified. 
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The caproic acid found in the ozonolysis of methyl 
arachidonate indicates that the molecule contains 
the fragment 

CH3.CH2.CH2.GH2.CH2.CH: 

The non-volatile fraction was easily oxidized by per- 
manganate giving a product containing an ester 
group and a carboxyl group, and saiDonification of 
this material gave glutaric acid as the only product 
detected. This sequence of reactions is consistent 
with the conversion of (impure) glutaric half-alde- 
hyde methyl ester into methyl hydrogen giutarate 
and then to glutaric acid indicating the terminal 
portion of the molecule to be 

:CH . CH2 . CH2 . CHa . COOMe 

The remaining 9 carbon atoms yielded 1*9 moles of 
acetyl radical (as acid and aldehyde) which certainly 
indicated 3 rather than 2 moles i The yield of GO 2 is 
low, but comparison with the ethyl linoleate experi- 
ment points to the presence of 3 moles of CO 2 - 
Having regard to the results of Erdmann et al. [1909] 
three 

rCH.CHa.CH: 

groups are present and must be adjacent. From 
these results it is concluded that arachidonic acid has 
the formula (II). 

Farmer & van den Heuvel [1938] oxidized with 
acetone -permanganate a methyl docosahexenoate 
containing several 

rCH.CHg.CH: 

groups and found that the ethylenic carbons were 
oxidized, to carboxyl so that these groups gave 
(presumably via malonic acid) acetic acid. Haworth 
[1929] oxidized linoieic acid with this reagent, 
and found a similar ruptuie of the ethylenic groups, 
but here the malonic acid, traces of which were 
detected, gave oxalic acid. We have oxidized methyl 
arachidonate imder conditions resembling those of 
Farmer & van den Heuvel [1938]. The reaction did 
not proceed smoothly; 20 % of unoxidized ester was 
recovered after 37 hr., a considerable amount of 
polymerized material was formed, and a small 
quantity of a hydrocarbon, identified by melting- 
point and analysis as t^-C 27 H 5 s, was isolated. The 
last must have been formed under the somewhat 
strenuous and prolonged reaction conditions ; it was 
not encoimtered during ozonolysis. It is considered 
that the methyl arachidonate was slowly oxidized 
at the double bonds, giving caproic acid, malonic 
acid (which mainly decarboxylated to give acetic 
acid but which was also oxidized to oxalic acid) and 
glutaric acid, which was further oxidized to succinic 
acid. (The reaction mixture becomes strongly 
alkaline and apparently hydrolyses the ester group.) 

Ozonolysis of the ethyl linoleate yielded caproic 
acid, indicating the grouping . 

CH3CH2 . GHa , CH2 . CH2 . CH: 


The sequence azelaic half-aldehyde ethyl ester, 
ethyl hydrogen azelate, azelaic acid could be fol- 
lowed fairly precisely giving the terminal part of 
the molecule as 

:CH.(CH2)7.COOOEt 

The acetaldehyde and CO 2 indicate the remaining 
3 carbon atoms to have been 

:CH.CH2.CH: 

The commonly accepted formula (IV) for linoieic 
acid is therefore confirmed. 

EXPERIMENTAL 

Melting-points and boiling-points are corrected. 

Ozonolysis of methyl arachidonate. Methyl ara- 
chidonate was prepared by reduction of arachidonic 
acid octabromide (60 g.) with zinc (60 g.) in methyl 
alcohol (600 ml.) containing HCl and subsequent 
esterification according to Ault & Brown [1934]. It 
(6*25 g.) hadb.p, 177-178°/0*35 mm., i.v. Hub! = 310 
(calculated for CigHgiCOOCHa, 319) 1*4828, 

ngjfji 1*4811, 0*905, whence obs.= 100*4; 

calc. 99*0 [Eisenlohr, 1911] or 99*05 [Swietoslowski, 
1920]. 

The ester (5*86 g.) was dissolved in chloroform 
(40 ml.), cooled in ice and ozonized by passing a 
current of 8 % ozone through the solution; portions 
of the solution were withdrawn for test with Br in 
CCI 4 , until (after 22 hr.) no unsaturation remained. 
Water (45 ml.) was added to the ozonide solution, 
which was cloudy and smelt aldehydic. The whole 
was slowly heated to 98‘^ in a distilling flask con- 
nected by ground joints to a condenser and a re- 
ceiver, and thence to a wash bottle containing 
600 ml. of saturated solution of 2:4-dinitrophenyl- 
hydrazine in 2A’ HCl, and a long wash tube con- 
taining N NaOH (175 mi.) in a column 26 cm. high ; 
COg-free air was aspirated through the apparatus. 
The hydrazine solution was then removed and re- 
placed by fresh reagent and steam passed, aspiration 
being continued. In this way CO 2 , acetaldehyde, 
non-volatile, and volatile fractions were separated. 

The ice -cooled NaOH solution was titrated with 
N H 2 SO 4 using phenoiphthalein and then methyl 
orange, and 0*966 g. COg were found. A slight 
excess of H 2 SO 4 was added and 87 % of the solution 
was distilled off; the distillate contained volatile 
acid equivalent to only 2 % of the found COg. 

The 2 : 4 -diaitrophenylhydrazine solution yielded 
crude acetaldehyde 2:4-dmitroph6nylhydrazone 
(1*875 g. m.p. of the two ppts. ■142'-*144° and 149- 
159*5°) from which fractional crystallization gave* 
the pure comj)oimd m.p. 169° mixed m.p. 168*5™ 
169° with authenie acetaldehyde 2:4-dinitrophenyl- 
hydrazone (m.p. 169°). 

The solution of non-volatile compounds was 
filtered from a small quantity of oily polymer, an 
equal volume of saturated brine added, and the 

3-2 
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solution repeatedlj- extracted with ether, and 
dried with Xaj.SO„ yielding h53 g. of material. 

This was siispendeci in hot NagCO^ solution and ■ 
treated with. 193 nil. KMnO, (iV/10) to oxidize 
alditiyde to earlioxyh on the assumption that 80 % 
would alutaric half addehyde methyl ester. The 
solul ion was acidified (HoSOJ, extracted repeatedly 
with etiier, and tlie extract washed^ dried (NaaSO^) 
and e^-aporated. The residue was first titrated 
with, and then ciuantitatively saponified with, alco- 
holic potash. (Found: COOMe, 14; COOH, 42%. 
Calc, for HOOC.CH^.CH^.CHs.COOMe: COOMe, 
40; COOH, 31%.) The saponified solution, , after 
dilution witli water and evaporation of the alcohol, 
was acidified (H^SO^), saturated with salt, and ex- 
tracted witli ether, first by shaking and then for 8 hr. 
in a continuous extractor. The former extract gave 
a brown solid which, after crystallization from 
cliloroform-light petrolemii, was dissolved in hot 
water, filtered and evaporated; it then had m.p. OI- 
OS -5° but could not be identified. The second extract 
gave a white solid which w^as similarly treated, then 
repeatedly recrystallized from benzene, and which 
yielded a small quantity of glutaric acid, m.p. 92-5- 
93*5° and mixed m.p. 95* with authentic glutaric 
acid (ni.p. 97*5-98®). 

To the distillate, consisting of chloroform and 
aqueous layers, more chloroform was added and the 
whole titrated with N NaOH, with shaking, in a 
separating funnel. The chloroform solution was 
separated, dried (Na2S04) and the solv^ent removed, 
the latter was mechanically shaken with an excess of 
a solution of 2:4-diiiitroplienylhydrazine in 2A^HC1, 
when it gave a derivative, w4iich after repeated 
crystallization, had m.p. 152-152*5® (0*101 g.) and 
was probably impure acetaldehyde 2:4-dimtro- 
pheriylhydTazono. The ne utral residue, after removal 
of chloroform, was distilled, giving a small distillate, 
70-130®; this furnished a 2:4-dinitropheny]- 
hydrazone which after recrystailization had m.p). 
100-101*5®. The mixed m.p. with authentic caproic 
aldehyde 2:4-dinitrophenylhydrazone (rn.p. 109®) 
was 103-104®. 

The aqueous solution after evaporation and dry- 
ing to constant weight in a vacuum desiccator, gave 
2*732 g. of sodium salt having equivalent 91*3 (from 
the amount of N NaOH used) . (The same procedure 
for estimating the equivalent of sodium salts was 
emp)loyed a number of times below.) This was dis- 
solved in water (110 ml.), acidified (HgSO^) and dis- 
tilled; the first 26 ml. and the next 75inL of dis- 
tillate were collected. The last was neutralized and 
yielded a sodium salt (1*378 g., equiv. 83*7), giving 
a p-bromop)henacyl derivative which melted for the 
most part at 81-85® (p-bromophenacyl acetate has 
m.p. 87-87*5®), but which, contained a higher melting 
impurity. Wo made a number of attempts but were 
imable to separate the latter. A portion of the 
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sodium salt was refluxed with dilute H2SO4 and the 
solution distilled; the distillate on neutralization 
o-ave a sodimn salt having equiv. 83*2 (sodium 
acetate has equiv. 82), but again we were unable to 
prepare a purep-bromopheiiacyi ester. 

The first fraction of distillate contained a layer 
of oily acid which w^as pipetted off, and the solution 
again distilled; 6*3 ml. of this distillate were taken, 
combined with the oily acid and neiitialized gfoing 
0*403 g. of a sodium salt, equiv. 127. It was con- 
verted into its p-bromophenacyl derivative whiclq 
after three recrystallizations, had m.p. 70*5-71*5® 
and mixed m.p .*^ 71-71*5° with authentic p-bromo- 

phenacyl caproate of m.p. 71*5-72®. 

Oxidatiohi of vuQthyl ai'cxchidoncito by ucotono- 
KMnOj^. Methyl arachidonate (5*0 g.) was dis- 
solved in dry acetone (300 ml.) and heated under 
refiux in an apparatus in which the returning acetone 
percolated through KMn04. In the coins© of 37 hr. 
36*6 g. of the last were used without the appearance 
of a pink coloration; since only 31*4 g. would be 
necessary to convert each ethyleiiic link into two 
carboxyl groups, the oxidation was stopped. The 
solution -was filtered from the manganese mud and 
the latter washed with acetone. The acetone was 
evaporated and the, residue taken up in light petro- 
leum and washed with NaOH solution and with 
water (added to bulk aqueous extract below). After 
drying (Na2S04) and removal of solvent, unchanged 
ester (1*0 g.) reniained. 

The manganese mud was dried and leached out 
with 500 ml. boiling water. The latter after filtration, 
evaporation and desiccation yielded 11*9 g. of 
salts (A). The desiccated manganese mud now 
weighed 19*6 g. The CO2 content of these two 
fractions (which contained volatile organic acids) 
was determined as follows. An aqueous soiutioii of 
the material was heated to boiling under reflux in a 
current of CO.-free air, the top of tlie condenser 
being connected to a wash bottle containing A ; H.) 
Ba(OH)2. Dilute H0SO4 was run into tlie solution 
and the liberated COa swept tlirough. The baryta 
solution was filtered and titrated against A'/IO HCI. 
The difference from a blank ga\'e the CO., tra])ped, 
and a correction for imperfections in this method 
was applied ftom control experiments witii known 
quantities of carbonate. The extracted, dry, man- 
ganese mud and the salts (A) contained 48*9 and 
119*4 mg. COo/g. respectively. 

The salts (A) (3*7 g.) were dissoK'od in water, 
acidified {H2SO4) and steam distilled. 

Successive fractions of distillate 10 10 iO 150 180 

(ml.) 

Na salt: wt. (mg.) 123 74 55 321 87 

equiv. 103*5 98 97 90 172 

A repetition with 7*65 g. of salts (A) yioldod three 
fractions of sodium salts: 0*685 g.. equiv, 93; 0*21 I g.. 


UNSATURATED PATTY ACIDS 


Vol. 37 

equiv. 86; 0*265 g., equiv. 115. The first of these 
fractions was dissolY^ed in a mininiiini of water, 
acidified (H2SO4), extracted repeatedly with ether, 
and the extract dried {ISra2S04) and evaporated. The 
residue was fractionated by distillation through, a 
series of three bulbs w^hich were successively heated 
in an air-bath. The fraction (20 mg.) taken at air- 
bath temperature, 195-225°, was converted via the 
acid chloride to the anilide which had m.p. 79*5- 
81*0°, mixed m.p. 80-81*5° with caproic anilide 
(m.p. 96°), and mixed m.p. 55-56*5° with ^-valeric 
anilide (m.p. 61*5-62°). The fraction was thus pro- 
bably caproic acid. The mid-fraction of sodium salts 
(0*308 g.) yielded a p-bromophenacyl derivative 
(0*721 g.) of . m.p. 70°; five recrystallizations gave 
p-bromophenacyl acetate, m.p. 83-83*5° and mixed 
m.p. 86° with the authentic compound (m.xD. 87- 
87*5°). 

There remained in the steam distillation flask a 
tar and an aqueous solution; the former (insoluble in 
benzene and in ether) was dissohnd in acetone, dried 
(]Sra2S04), and after removal of solvent weighed 
0*404 g. The aqueous solution was extracted with 
ether in a continuous extractor for 22 hr. and with 
fresh solvent for a further 6 hr. On removal of the 
ether the residue was dissolved in hot acetone (in 
which nearly all of it dissolved), filtered, and cooled, 
when crystals, 49mg. ,rn.p. 55°, were deposited. After 
two recrystallizations from benzene -acetone, it had 
m.p. 57-58°. (Found: C, 84*6; H, 15*0%. 
has m.p. 58*5-59*5°, C, 85*2; H, 14*9 %.) Addition of 
two volumes of light petroleum to the acetone filtrate 
yielded an oil which crystallized. The product after 
draining and washing with ether had m.p. 99-100° 
and was dissolved in water, filtered, evaiDorated and 
desiccated over H2SO4. The residue (45*5 mg.) had 
m.p. 160-161*5° (decomp.); ajDortion was converted 
into the ammonium salt which yielded pyrrole on 
ignition with zinc dust, indicating succinic acid. A 
further portion was titrated with NaOH, giving 
equiv. 51*3, and the solution was acidified (acetic 
acid), treated with CaCl2 solution, and the pre- 
cipitate titrated in acid against KMn04 at 60°, 
whence 33*2 mg. (anhydrous) oxalic acid were 
obtained. 

The acetone-light petroleum solution on evapora- 
tion yielded a residue (CgHg), which after washing 
had m.p. 99-100°. It was dissolved in water, 
filtered and evaporated and yielded hydrated oxalic 
acid (41 mg,, equiv. 63*2). 

Ozonolysis of ethyl linoleate. Corn (maize) oil 
acids (177 g. ; i.v. Hiibl = 1 14) were brominated 
(40 ml. bromine) in light petroleum solution. The 
solid product was recrystalHzed from hot benzene 
yielding tetrabromostearic acid m.p. 114-115°. It 
(44 g.) was reduced with zinc dust according to 
Brown & Fraenkel [1938]. The linoieic acid was 
esterified with EtOH-HCl and gave ethyl linoleate 


(12*8 g.), b.p. 173*5°/0*5 mm.; i.\\ Hiibl =161 
(calc. 164*8); this (3*5 g.) was ozonized as before, 
saturation being reached after 9 hr. The chloro- 
form was removed as far as xDossible in a water 
pump vacuum, at 40°, yielding a colourless oil 
(4*90 g. Theory, assuming a fti^-ozonide-peroxide, 
4.75 g.). 

Cold water ( 35 ml.) was added to the ozonide and 
decomposition was allowed to proceed in apfiaratus 
similar to that used for methyl araehidonate except 
that five small wash bottles were emj)loyed, the first 
containing a saturated solution of 2:4-dinitrophenyl- 
hydrazine in 2N HCl, the second the same reagent in 
alcoholic H2SO4 and the last thi*ee AJSTaOH (75 ml. 
each). The water -bath was raised to boiling j)oint 
over a period of 1 hr. and a slow current of CO2- 
free air continued overnight. The contents of the 
2;4-dinitrox3henylhydrazine wash bottles were then 
rex3laced by fresh reagent in 2N HCl solution, and 
steam passed in place of the air current, aspiration 
through the wash train being continued. Finally 
the distillate and the solution of non-volatile 
material in the flask w^ere both saturated with 
salt and extracted with ether and the latter dried 
(Ha 2 S 04 ). 

The NaOH solution was cooled and titrated 
with HCl, using phenolphthalein and methyl 
orange successively and 0*259 g. COg was found. 

Of the 2:4-dinitrophenylhydrazine solutions, the 
alcoholic one gave no appreciable yield, whilst 
the first and second aqueous ones gave resx3©c- 
tively two jDi’od.ucts (0*161 and 0*035 g.), m.p. 
107-109° and 87°, which on recrystallizat/on had 
m.p. 145*5-147*5° and 137-143°. These were com- 
bined and after four recrystallizations had m.p. 
160° and mixed m.p. 168—169° with authentic 
acetaldehyde 2:4-dinitroph©nylhydrazone (m.p. 
168*5-169°). 

Evax^oration of the ethereal solution of non- 
volatile products gave a semi-solid mass w%ich was 
washed with ether -light petroleum yielding crude 
azelaic acid (0*122 g.), m.x3. 100*5-102*5°. The re- 
sidue from evaporation of the washings was sus- 
pended in hot NagCOg solution and titrated with 
KMn04 until the reaction slowed down (required 
63*9 ml. of KMn04, O'OOiV). The solution was 
acidified (H2SO4), extracted with ether, the extract 
washed, dried (Na2S04), and evaporated, giving a 
semi -solid (1*286 g.). This was dissolved in alcohol 
and titrated with alcoholic potash and then saponi- 
fied with excess of this reagent. (Found: carboxyl 
equiv. 213 and ester equiv. 216; HOOC.(GH2)7 
COOEt has mol. wt. 205). The solution was acidified 
(HCl) , cooled and filtered, yielding crude azelaic acid 
(0*641), m.p. 102*5-103°. The azelaic acid was re- 
crystallized once from hot water, when it had m.X-). 
107*5-108° alone, or mixed with authentic azelaic 
acid (m.p. 106-5-108°), 
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The ethereal solution of the distillate was titrat^, 
with shaking, in a separating funnel with N NaOH. 
No pure product was isolated from the neutral ether ; 

a carbonyl group was present since reaction oc- 
curred with 2;4-diiiitroplienyiliydraz.ine but no 
identifiable hy di’azoiie was isolated ; a semicarbazon© 
could not be formed. ^ , /-iQr7K-\ 

The aqueous solution gave asodium salt (0-87og.), 
eqiiiv. 135. This was dissolved in water (55 mb), 
acidified (H2SO4) and distilled. The first 20 ml. and 
the next 29 ml. of distillate gave 'Na salts, 0-380 g., 
eciuiv. 136, and 0-317 g., equiv. 132, respectively. 
The former was converted into itsp-bromophenacyl 
derivative which had m.p. 71-6-72° and naixed m.p. 
71-72° with authentic p-bromophenacyl caproat© 
(m.p. 71-6-72°). 


SUMMARY 

1. The results of ozonolysis and of acetone- 
KMn04 oxidation of methyl araehidonate are in 

agreement with the constitution (II) A ^ ^ -eico- 
satetrenoic acid, for arachidonic acid, which was 

proposed by Dolby et al. [1940]. „ aot. 

2. Contrary to the results of Takahashi [1921j 
ozonolysis of ethyl linoleate yields products in ac- 
cordance with the generally accepted structure for 
linoleic acid, A^’^^-oetadecadienoic acid (IV). 

We desire to express our gratitude to Prof. D. 
Keilin for hospitality at the Moiteno Institute and 
to Dr F, G. Mann for permission to use the ozonolysis 
apparatus in the University Chemical Laboratory, 
Cambridge. 
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Studies on Diffusing Factors 

10. NOTE ON THE FORMATION OF VISCOUS MATERIALS 
BY CLOSTRIDIUM BUTYLICUM 
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(Received 8 September 1942) 


The enzyme system ioiown as hyaluronidase, which 
exists in some tissues and bacteria, hydrolyses poly- 
saccharides of the hyaluronic acid type. Hyaluronic 
acid is built up from equimolecular amounts * of 
acetylglucosamine and uronic acid residues [Meyer, 
1938]. In the hyaluronidase complex two well-de- 
fined individual components have so far been de- 
tected [East, Madinaveitia & Todd, 1941]. One of 
them reduces the viscosity of the viscous polysac- 
charide without liberating any appreciable amount 
of reducing sugar. The other is a glucosaminidase 
which does not attack the viscous polysaccharide 
but which may play a role in the later stages of the 
hydrolysis of the polysaccharide by splitting glucos- 


aminic linkages. It is possible that a third com- 
ponent also exists, a uronidase which would hydro- 
lyse the uronidic linkages of the polysaccharide. No 
evidence has so far been obtained for the presence of 
such an enzyme in the preparations assayed. The 
substrate used was menthol glucuronide. 

The presence of diffusing factors has been demon- 
strated in all the sources of hyaluronidase as yet 
known (e.g. in mammalian testicle, leech extract, 
snake venoms and some bacteria). It has been 
claimed that hyaluronidase and diffusing factor are 
the same substance [Chain & Diithie, 1940 ; McClean, 
19416; McClean & Hale, 1941]. There is, however, a 
discrepancy between the viscosity-reducing power 
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and the diffusing potency of various samples assayed 
[Madina veitia, Todd, Bacharacli & Chance, 1940]. 
There is no relation at all between the diffusing 
potency and glucosaminidase activity. 

Mammalian testicle possesses, besides hyaluroni- 
dase, an enzyme system which deaminates and 
oxidizes amino sugars [Lutwak-Mann, 1941]. This 
enzyme system is also present in kidney, brain and 
in some bacteria. In testicle we find a complete 
mechanism to utilize the glucosamine present in 
hyaluronic acid according to the following scheme : 

Viscous kyaiuronio acid 
Non- viscous hyaluronic acid 
Uronic acid Acetylglucosamine 

Glucosamine 

\ 

Oxidation products and NH3 

The components of this system which hydrolyse 
hyaluronic acid have been detected in culture fil- 
trates of bacteria that produce diffusing factor. 
In this connexion the work of McClean [McClean & 
Hale, 1941; McClean, 19416] is perhaps significant. 
He has found that inclusion of hyaluronic acid in the 
culture media of Clostridium welchii and some 
strains of Streptococcus and Pneunioccocus enhances 
the formation of both diffusing factor and hyaluroni- 
dase. In the case of Clostridium welchii it also in- 
creases bacterial growth to about the same extent as 
glucose. It is of interest to note that no IST-acetyl 
glucosamine could be detected in the medium supple- 
mented by hyalutonic acid in which Cl. welchii had 
grown [McClean & Hale, private communication]. 
This indicates that the micro-organism has enzymes 
which, besides hydrolysing hyaluronic acid, also 
utilize the free glucosamine thus formed. McClean 
[1941 a, 6] has also observed that addition of hyal- 
uronidase may modify the cultural characteristics 
of some bacteria. Certain strains of Streptoccoccus 
which in young culture have capsules become non- 
capsulated when grown in the presence of hyaluroni- 
dase. The addition of hyaluronidase to a capsulated 
strain immediately destroys the capsules. From 
these capsulated strains a polysaccharide has been 
isolated [Kendall, Heidelberger & Dawson, 1937] 
which is similar, or perhaps identical with hyaluronic 
acid and McClean has found that formation of cap- 
sules and production of hyaluronidase do not coexist 
in the strains examined. In the case of Pneumo- 
coccus the polysaccharide from which the capsules 
are formed [Heidelberger, Kendall & Sherp, 1936] 
although similar, is not identical with hyaluronic 
acid, and accordingly inclusion of hyaluronidase in 
the culture medium does not affect capsulation. 

The production of polysaccharides by micro- 
organisms is by no means always connected with 
capsule formation. A number of bacteria, for ex- 


ample, elaboiaite viscous substances which they 
secrete into the culture medium. Whilst conducting 
biotin assays in comiexion with other work in this 
laboratory, using as test organism Cl. hutylicum 
[Snell & Williams, 1939; Peterson, McDaniell & 
McCoy, 1940] one of us observed that this spore- 
bearing anaerobe makes the medium in which it is 
growing viscous. Cl. hutylicum grows in relatively 
simple glucose media using asparagin as the only 
source of nitrogen. Biotin is an essential factor for 
its growth; this can be supplied either as the pure 
substance [Snell & Williams, 1939; Woolley quoted 
by du Vigneaud, Hofmann & Melville, 1941] or in 
the form of peptone [McDaniell, Woolley & Peter- 
son, 1939]. 

Since certain of the cultural characteristics of this 
micro-organism are fairly easily reproducible, it 
seemed of interest to investigate the factors affecting 
the production of viscous materials. While we have 
not been able to obtain evidence for the presence of 
glucosamine in the viscous material, nor is the vis- 
cosity of the latter destroyed by hyaluronidase, yet 
the growth of Cl. hutylicum and the formation of 
viscous material are both inhibited to an appreciable 
extent by growing the organism in the presence of 
purified hyaluronidase preparations. 

The formation of viscous materials is, however, 
much more markedly affected by other factors such 
as the initial concentration in the medium of glucose 
and of the Bactopeptone which was used in our 
experiments as a source of biotin. There are optimal 
concentrations of both glucose and peptone for 
bacterial growth and for production of viscous 
materials (Fig. 1). At any given concentration of 
peptone the optimal concentrations of glucose to 
obtain maximal growth and maximal formation of 
viscous materials are not very different. However, 
if the amount of sugar is constant the concentration 
of peptone which leads to the formation of most 
viscous material is much lower than that which 
produces maximal growth. At the highest concen- 
trations of. peptone investigated, practically no 
viscous material was formed, irrespective of the 
amount of sugar present, and yet the optimal con- 
centration of peptone for bacterial growth had not 
been reached. This cannot be attributed to all the 
glucose being metabolized by the bacteria; at high 
concentrations of glucose a large proportion of the 
sugar remained unused. 

EXPERIMENTAL 

Influence of hyaluronidase on the growth of Cl. 
hutylicum. Aseptic conditions were observed 
throughout this work. 

The strain oi Cl. hutylicum used (kindly supplied 
by Prof. Elizabeth McCoy, Wisconsin, U.S. A.) had 
been kept for. some time in the form of dry spores. 
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The preparation of hyaliironidase used was prepared 
fiqueoiis extracts of bulls’ testicle by Pb 
acetate precipitation followed by {NH 4 ) 2 S 04 frac- 
tion at if) ii and dialysis [Madiiiaveitia, 1941]. The 
solutions were sterilized by filtration through a 
Seitz filter. 

A series of t ubes eacli having 15 ml. medium con- 
taining 1 % bactopeptone, 2 % glucose, 0*2 % aspara-' 
gine, Speakmaii’s [1923] salt mixture and a trace of 
reduced iron was prepared. Five of the tubes to be 
used as controls received 1 mi. of a hyaluronidase 
solution, 10 mg. /ml., before being sterilized in the 
autoclave . It is knomi that hyaluronidase is thermo - 
labile. Another five tubes received the hyaluroni- 
dase after they had been sterilized. Ail tubes were 
inoculated with a loopful of a 24 hr. old culture and 
incubated in a McIntosh and Fildes jar for 60 hr. at 
37°. Then the contents of the tubes were centrifuged 
until clear. The precipitate was washed with water 
and the washings rejected. The N content of the 
washed precipitate was determined and this 
‘Bacterial N’ assmned to be a measure of the 
number of bacteria present. The supernatant was 
heated 5 min. at 100° and made clear again by 
filtration through paper. The viscosity was now de- 
termined in an Ostwald viscometer (temp. 25°). The 
reducing material in the supernatant, as determined 
by the method of Bertrand, was assumed to be the 
unused glucose. The figures obtained are given in 
Table 1. 

Table 1 



Bacterial N 

Specific 

% sugar 


mg./mL 

viscosity 

consumed 

Medium + inacti- 

1*75 

0*71 

87 

vated hyaluronidase 1*68 

0*79 

92 

(control) 

1*85 

0*93' 

100 


1*86 

0*87 

97 


2*01 

0*77 

97 

Medium -f- hyal- 

1*23 

0*43 

67 

uronidase 

1-29 

0*46 

79 


— 

044 

79 


1*29 

0-51 

75 


1*18 

0*50 

94 


Influence of glucose and peptone on the growth of CL 
butylicum. To obtain an indication of the time of 
incubation required to attain maximal growth, the 
following experiment was carried out: A series of 
tubes containing 10 ml. medium (2 % A.R. glucose, 
0*6 % Bactopeptone, 0*2 % asparagine, Speakman’s 
salt mixture and reduced iron) was inoculated with 
a loopful of a 24 hr. old culture of Cl. butylicum. All 
tubes were incubated at 37° in the same McIntosh 
and Fildes jar. Lots of three tubes were removed 
from time to time and anaerobiosis re-established 
before proceeding with the incubation. As soon as 
the tubes were removed the culture was centrifuged 
and the ‘Bacterial N’, specific viscosity and the 
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amount of glucose consumed were estimated as pre- 
viously indicated. The results obtained are recorded, 
in Table 2; mean values are printed in italics. 



Table 2 


Time of 
incubation 
hr. 

Specific 

viscosity 

% glucose 
consumed 

Bacterial N 
mg./lO ml. 

14 

0*02, 0-04, 0*04 
0-03 

7-8, 11 

9-4 

0*35, 0*62, 0*60 
0-52 

21 

0*22, 0-22, 0*45 
0‘30 

32*5, 37, 39 
36-2 

0*62, 0*69 
01)5 

40 

1*15, 1-06, 2*69=^ 
110 

85, 92, 77 

S5 

0*75, 1*03, Ml 
0^96 

99 

1-50, M8, 1*48 
139 

96, 99*5, 97 
97-6 

1*15, 1*33, 1*08 
120 


* Not included in tlie mean. 


From. Table 2 one can see that the lag phase is 
about 10 hr. and that the end of the logarithmic 
phase is reached in about 2 days. 

To determine the influenc© of glucose and of pep- 
tone on the growth of Cl. butylicum a series of tubes 
containing 10 ml. medium of various concentrations 
of Bactopeptone and of glucose was prepared. They 
all had 0*2% asparagine, Speakman’s salt mixture 
and reduced iron. They were sterilized, inoculated, 
and after 70 hr. incubation at 37°, the bacterial N, 
viscosity and amount of sugar used were deter- 
mined. All these operations were carried out as 
previously described. The concentrations of glucose 
and of peptone which were examined, and whether 
or not growth was observed in each of the tubes, are 
recorded in Table 3. 


Table 3 


Bacto- 

peptone 

mg./ml. 



Glucose mg./ml. 


30 

50 

60 

SO 150 300 

2*5 

+ 


-f 



5 


4 - 



4- 

10 


+ 



+ 

12*5 

+ 


-f- 


- ■ - 

20 


-h 



+ , 

25 

4- 


-L 



30 



. 

+ 


40 


+• 


+ 


50 

-f 


+ 




+ = growth; - =iio growth. 


Fig. 1 is a graphic rejDresentatioii of the \'alues 
obtained for bacterial N, specific viscosity and 
glucose consumed. It is a contour ma]) of the sur- 
faces resulting from plotting these values along an 
axis perpendicular to the plane of the paper. On 
this plane the concentrations of glucose and of 
peptone are represented. 
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SUMMARY 

Gl. Imtylicum produces viscous materials when 
grown in a glucose -asparagine -mineral salts medium 


The effect upon some cultural cliaraeteristics 
of Cl. hutylicum of the initial concentrations of 
glucose and peptone in the medium, has been 
studied. 



Eig. 1. Effect of glucose and Bactopeptone on Cl. hutylicum. Viscosity of medium. ----- Bacterial JST (mg./ml.). 

Glucose consumed (mg./ml.). 

containing Bactopeptone as a source of biotin. Both The authors’ thanks are due to Prof. A. R. Todd, 
the growth and the production of viscous polysac- F.R.S., for his helpful interest, 
charides are inhibited to a certain extent by inclusion 
of hyaluronidase concentrates in the medium. 
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The ‘Catalase Test’, with Special Reference to Acetobacter Species 

By T. K. walker and J. TO&IQ, The College of Technology, The Umversity 

of Manchester 

{Received 10 September 1942) 


Tiie first statement on the occurrence of catalase in 
bacteria seems to have been made by Beijerinck 
[1901], who pointed out that whereas the lactobacilli 
do not contain this enzyme Acetobacter species show 
a positive reaction for catalase. Callow [1923] com- 
pared 9 anaerobes and 12 aerobes (none of the 
aerobes were Acetobacter species) with respect to 
catalase content and noted that the anaerobes were 
catalase negative and the aerobes were catalase 
positive. Kluyver [1924], discussing the catalase of 
micro-organisms, concluded provisionally that this 
enzyme occurs only in those bacteria which use free 
oxygen in theii* metabolic processes. Rurther in- 
formation on catalase in bacteria was provided by 
McLeod & Gordon [1923] and by Virtanen & 
Karstrom [1925]. Morgulis, Beber & Rabkin [1926], 
in their quantitative studies of catalase activity, 
observed that the activity, which was greatest at 
0-10°, diminished with increasing experimental 
temperatures. The same authors also found that ex- 
posure of catalase to temperatures up to 40° for 1 hr. 
caused practically no inactivation, and cooling the 
enzyme did not reduce its activity until — 10° was 
reached. The rate of destruction of catalase increased 
not only with temperature but also with concen- 
tration of HgOg, and the destruction followed the 
course of a monomolecular reaction. Experiments 
with various concentrations at different tem- 
peratures showed that the maximum activity in- 
variably occurred with 0*541^ HgOg. Using catalase 
from beef kidney they found its activity to be strong 
over the range pH 5-9 with greatest activity between 
pH 6 and 8. The activity was entirely lost at pH 2. 

Since Beijerinck ’s early discovery of the presence 
of catalase in Acetobacter species there have been no 
further reports on the catalase activity of these 
particular organisms apart from those of Visser’t 
Hooft [ 1 925, 1 939], who recorded the presence of this 
enzyme in A, aceti, A. rancens. A, xylinum, A. 
tnekmogenum, and A . suhoxydans, and who described 
A . peroxydans, a species devoid of catalase. No other 
catalase -negative acetic-acid bacteria have since 
been reported. 

In recent work with 11 species of Acetobacter 
observed that very erratic results were obtained 
when cultures were subjected to the ‘catalase testh 
When well-developed colonies which had been 
growing at ,25° on malt-extract agar' (pH 5*0) in 


Petri dishes for 14 days were treated whth 0-5W 
HgOg, three species gave no response and some of the 
others reacted only weakly. The results obtained 
with cultrues 8 days’ old under conditions which 
otherwise were identical were practically the same 
(Table 1). ' 

Table 1 


Reaction with 
H 2 G 2 given 
by cultures 
aged 


pH developed by 
the several species 
when grown in 
nialt extract 
(initial pH 5-0) 
at 25° for 


Species of 
Acetobacter 

r 

8 days 

> ^ 

14 days 

^ ^ 
3 days 

V 

7 days 

(1) A. aceti 


_ 

3-85 

3-60 

(2) A. acetosum 

+ 

4- 

3-60 

3-25 

(3) A. Icuetzingianum 

4- 

4- 4- 

4-60 

4-30 

(4) A. pasteurianum 

+ 4- 

4- 4- 

4-55 

4-05 

(5) A. suhoxydans 

- ? 

- 

4-25 

3-70 

(6) A. xylinum 

4- 4- 

4-4-4- 

4*15 

3-50 

(7) A. gluconicum 

4- 

4 - 

4-20 

3*75 

(8) A. ascendens 

4- 4- 

4- 4- 

4-60 

3-90 

(9) A. capsulatum 

+ ? 

- 

3-05 

2-70 

(10) A. acetigenum 

4- 4- 

■ 4- 4- 

3-80 

3*35 

(11) A. turbidans 

4- 4- 

4- 4- 

3-50 

3-45 


The particular degree of catalase activity shown 
by each of the several species is probably the 
resultant of two factors, namely, the quantity of 
catalase made available by the cells, and the hydi’o- 
gen-ion concentration produced in the medium by 
the activities of the cells. Thus, for example, in the 
cases of the species munbered (4), (6) and (10), 
which were strong growers and proliferated freely 011 
the slopes, it is probable that the total catalase 
available was relatively great in amount, hence the 
influence of the moderate fall in pH value was not so 
obvious and the cultures reacted in a definitely 
catalase -positive mamier. In the case of the sjjoeies 
numbered (1) and (5) where growdli was relatively 
scanty, the moderate fall in pH had a much greater 
effect and the cultures proved catalase -negative. 
Finally, in the case of species number (9), altiiough 
growth was very abundant it was accompanied by a 
very considerable fall in pH value and the catalase 
test gave first a doubtful and later a negative result. 

The different species were now inoculated into 
tubes of stex'ile malt extract (sp.gr. 1-036) buffered 
with 3 % of CaCOs which had brought the pH to 6-01 . 
After 3 days at 25°, growth was evident in ail the 
tubes, and at this stage in every case the pH value 
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lay between the limits 5-56 and 5*97. Hence such a 
medium is a satisfactory one for the control of the 
acidity developed by Acetohacter species. Slopes 
were then prepared from similar buffered malt 
extract to which 1*5% of agar had been added. 
Before addition to the extract the CaCOg had been 
sterilizedin steam and afterwards heated at 160^^ for 
2 hr . to ensure that resistant spore-forming organisms 
were killed. Cultures grown on these slopes at 25° 
were all found to give a positive catalase reaction on 
the 3rd day. after inoculation and all still reacted 
positively on the 14th day. 

The following experiment was then undertaken. 
Malt extract agar, buffered with CaCOg, was poured 
in separate 10 ml. portions into a set of conical flasks 
(250 ml.) and sterilized in the usual manner. These 
flasks were inoculated with the several Acetohacter 
species. In each ease a malt -extract culture grown 
for 3 days at 20° provided the inoculum, 1 ml. quan- 
tities being run from sterile pipettes into the several 
flasks and spread over the surface of the agar by 
suitable manipulation of each flask. These flask 
cultures were incubated at 20° for exactly 3 days and 
estimations of catalase activity were then per- 
formed. Into each flask, including an uninoculated 
‘blank’, there were poured exactly 50 ml. of 0'6N 
HgOg (adjusted to pH 6*0) and estimations of H 2 O 2 
were made immediately, then after 15 min., 1 hr., 
2 hr., and 3-| hr. These were done volumetrically by 
the method given by Kolthoff & Sandell [1937]. In 
the case of the ‘blank’ the loss (about 10 %) of H 2 O 2 
which was observed up to 45 min. was probably due 
not to decomposition but to adsorption, but in all 
the culture flasks much greater losses of HgOg were 
found to have occurred (Table 2). 

Table 2 


% of added HgOg destroyed after min. 
Acetohacter r \ 


species 

15 

60 

120 

210 

A. aceti 

19-0 

23*5 

25-0 

25-0 

A, acetosum 

26-0 

29-5 

30-0 

31-0 

A, kuetzingianum 

16-0 

20*5 

21-0 

21-5 

A. pasteurianum 

10-5 

35-0 

85 5 

37-0 

A. suhoxyda'tu 

16-5 

30-5 

32-5 

32-5 

A. xylinum 

11-5 

14-5 

16-5 

16-5 

A. gluconicum 

18-5 

28-5 

30-0 

30-0 

A. ascendens 

12-5 

18-0 

20-5 

21-5 

A., capsulatum 

23-5 

40-0 

59-0 

75-0 

A. acetigenum 

10-0 

16-5 

19-5 

19-5 

A. turbidans 

26-0 

36-0 

42-0 

45-0 

‘Blank’ 

''h 

15 

30 

45 ' 

Uninoculated 

3-5 

5*5 

9-0 

10-5 


medium 

iVoife. A final set of estimations carried out at 20 hr. from 
the time of addition of HgOg stowed that A. capsulatum 
had destroyed 83-0% and A. turUdans 47-0% of the added 


If the percentages of HgOg destroyed are plotted 
against the time, the relative catalase activities of 
the organisms which were grown on the buffered 
medium in the flasks are indicated very clearly and 
the curves conform well to the shapes of the curves 
of catalase activity obtained from estimations con- 
ducted by Morgulis aL [1926] who used liver 
catalase. The relatively high degree of catalase 
activity shown by both A . capsulatum and A . turhi- 
dans is noteworthy; these are two new species both 
isolated from sour beers and described, respectively, 
by Shimwell [1936] and by Cosbie, Tosic & Walker 
[1942]. From this work the following general con- 
clusions can be drawn relating to the catalase 
activity of Acetohacter species : the acid produced by 
Acetohacter species in a medium, containing malt 
extract inactivates catalase. Young cultures which 
have not passed beyond the early logarithmic phase 
of growth show a positive catalase reaction even in 
unbuffered media, because formation of acid does 
not take place to an appieciable extent until the 
organisms are well advanced in logarithmic growth. 
(An exception is A . peroxydans which, as mentioned 
earlier, is catalase-negative.) Older cultures should 
not be examined for catalase activity unless grown 
in a buffered medium similar to that described in this 
paper. The test should be performed as soon as 
growth has become well established. 

Before examining, for catalase activity, new 
organisms other than Acetohacter species, it would 
seem desirable, in view of our observations, first to 
determine whether the organisms in question form 
acid in the medium used and, if they do so, then the 
cultures prepared for the catalase, test should be 
cultivated in the presence of a suitable buffering 
agent. It is also necessary to bear in mind that the 
rate of loss of catalase activity increases with rise 
in temperature. Hence the cultures prepared for the 
test should be incubated at the lowest point of the 
optimum temperature range for that particular 
micro-organism. 

Finally, it may be remarked that the inactivation 
of catalase by acid as described in this communica- 
tion is an interesting parallel to the observation of 
Butlin [1938] that A, suhoxydans contains as one of 
its enzyme components an acid -sensitive system 
which catalyses a reaction in which the Og absorbed 
is equivalent to the COg evolved. In certain con- 
ditions this organism cannot exercise this more 
highly oxidizing function because of the conditions 
it creates in the cultures if they are unbuffered (e.g. 
primary production of gluconic acid can occur in a 
glucose medium of pH 6* 0 by the agency of another 
oxidizing enzyme present in A, suhoxydans and this 
gluconic acid inhibits the first -mentioned oxidizing 
system). 
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Riboflavin, Vitamin Bg and Filtrate Factors 
in Wheaten Flours and Offals 

By a. M. OOYPmG.TheDivisionof Nutrition, Lister Institute, Roebuck Hoicse, 

Old Chesterton, Cambridge 

(Received 9 October 1942) 


In recent years there have been many studies of the 
vitamin Bj content of wheaten flours and breads, but 
relatively few estimations have been made of the 
content of members of the vitamin B 2 complex. 
Some five years ago Copping & Roscoe [1937] pub- 
lished a survey of the water-soluble B vitamins in 
yeast, flour and bread, and gave values for the 
riboflavin and ‘factors other than flavin’. These 
estimations were, however, made at a time when our 
knowledge of the members of the vitamin Bo com- 
plex was more incomplete than it is at present, and 
the methods used appear far from satisfactory in the 
light of later work. New methods for the biological 
estimation of riboflavin have been described by El 
Sadr, Macrae & Work [1940], and on the basis of 
these methods others have now been evolved for 
estimating vitamin Bg and filtrate factors. Almost 
all of the previous values for riboflavin and vitamin 
Bg which have been put forward for flours have been 
obtained by chemical or microbiological methods. 

The term filtrate factors is taken to mean all 
growth factors of the vitamin Bo complex required 
by the rat, other than riboflavin, nicotinic acid and 
vitamin Eg [El Sadr, Hind, Macrae, Work, Lythgoe 
& Todd, 1939; Macrae, Todd, Lythgoe, Work, Hind 
& El Sadr, 1939]. Filtrate factors are now known to 
include pantothenic acid, biotin and one or more 
unidentified substances . Lepkovsky [ 1 942] reviews 
the subject most lucidly. 

It is important at the present time to have some 
precis© indication of the nutritive value of the flour 
and bread available to the people of this country, 
and on this account, as well as to obtain values by 
biological methods for comparison with those 
obtained by other methods, the further study of 


MATERIALS 

The materials used were supplied through the 
courtesy of the Research Association of British Flour 
Millers, who arranged to have suitable flours milled 
and to store some of the grist so that further samples 
could be milled if required. In January 1941 the 
following samples were milled and put into store in a 
cool place in airtight containers: (1) straight run 
imbleached white flour of 7 3 % extraction ; ( 2) wdiole - 
meal flour of 100% extraction; (3) westings or 
middlings; (4) bran; (5) germ. The germ represented 
all the clean germ obtained in the milling of the 
white flour, and the bran and weatings together 
comprised the balance of the wheat after removal of 
73 % as white flour. 

About 6 months later, when the Accessory Food 
Factors Committee of the Medical Research Council 
and the Lister Institute had laid down the specifi- 
cation for the preparation of the 85 % extraction 
national wheatmeal [Medical Research Council, 
1941], a sample of this tjq)© of flour was inilied from 
the original grist and tested in the same way as the 
other samples. 

Table 1. Composition of the flours 
and offals (^"q) 



Water* 

Ash 

Nitrogen 

Protein 

73 % flour 

13-6 

0-411 

2-042 

il-64t 

S5% flour 

12-64 

0-861 

2-103 

ll-98t 

100% flour 

13-53 

1-545 

2-190 

12-48t 

Weatings 

14-6 

4-31 

3-04 

I7-33t 

Bran 

13-9 

0-55 

2-495 

15-6:S: 

Germ 

13-98 

4-18 

4-76 

29-75]; 
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The vitamin estimations were made on the flours 
as they were received; they contained about 13% 
of water (Table 1). 

Since the earlier results of Copping & Roscoe [1937] 
had shown that there was no great difference in 
the amounts of vitamin B 2 factors present in flours 
and in the breads baked from them, it was considered 
unnecessary to bake breads from the flours used for 
the present investigation, and estimations were 
made only on the flours. 

METHODS 

In all tests the criterion was the rate of growth of 
young rats weaned at 21 days and given the basal 
diet immediately. In each test comparison was 
made with a standard preparation of the vitamin 
in question. Littermate rats, as far as possible of the 
same sex, were given the doses to be compared, so 
that for each group of four or more animals on a 
dose of the cereal product there was a corresponding 
group on a dose of the standard [Coward, 1938]. 

The rats received a basal diet containing 60% 
carbohydrate (maize starch or cane sugar), 20% 
purified casein, 15 % fat and 5 % McCollum’s normal 
salt mixture. The fat consisted of 4 parts of hardened 
arachis oil and 1 part of pure lard. When maize 
starch was the soxrrce of carbohydrate the dry in- 
gredients were mixed with their own weight of water 
and the mixture was steamed for 3-5 hr., depending 
on the amount made up, in order to dextrinize the 
starch and guard against refection [Fridericia, 
Freudenthal, Gudjonsson, Johansen & Schoubye, 
1927]. The sugar -containing diet wns not cooked. 

The flours tested were made up into similar diets 
containing 68 % flour, 12 % casein, 15 % fat and 5 % 
salt mixtme, and these were cooked in the steamer 
in the same wny as the basal diet. These diets con- 
tained approximately the same jiroportions of car- 
bohydrate, protein and fat as the basal diet and were 
given as daily doses in weighed amounts, the re- 
mainder of the animal’s food requirement being made 
up by giving the basal diet ad lih. In the case of 
bran, difficulty was experienced in making a co- 
hesive mixture with a high proportion of bran in the 
dietj and a diet containing 30% bran, 30% maize 
starch, 20% casein, 12% arachis oil, 3% lard and 
5% salt niixture was used. The doses of test diets 
were given in amounts varying from 3 to 10 g. daily, 
and if any of the test diet was left an eq ui valent extra 
amount was given on the next day. As the diets 
were mixed with their own weight of water the intake 
of flour was calculated as 34% of the diet eaten. 
Thus a daily dose of 10 g. of the test diet was equi- 
valent to an intake of 3*4 g. of the flour. Wheat germ 
was a sufficiently rich source of all the factors tested 
to be given alone as a separate dose apart from the 
diet. 


Rihojiavin estimation. The method was essen- 
tially that of El Sadr et al. [1940]. The basal diet 
containing maize starch was supplemented w’ith 
0*1 ml. cod liver oil as a source of vitamins A and D, 
with pure vitamin and with a whole -liver extract, 
treated with charcoal to remove the riboflavin, as a 
source of all the vitamin B 2 factors except riboflavin. 
Norite charcoal, as used in the original method, was 
no longer available, but a decolorizing charcoal was 
substituted and, after some adjustment of quan- 
tities, was found satisfactory. In every test two 
doses of pure riboflavin were given as standard for 
comparison, usually 6 and 12 /xg. per day. The test 
materials were fed at two levels also, and 4r-8 rats 
were used for each dose level. In the tests with 
white flour the riboflavin content was so low that the 
response was. too poor to obtain a result of any 
accm-acy ; 6 riboflavin were therefor© given daily 
in addition to the flour dose, and the value of the 
latter deduced by calculation from the curve of 
response. 

Vitamin Bq {pyridoxine) estimation. The method 
for the biological estimation of vitamin Bg was based 
on that for ribofiavin. Rats taken at weaning and 
weighing about 40 g. were given the vitamin B-ffee 
basal starch diet with the addition of daily doses of 
vitamin B^ and cod liver oil for 7 days. They were 
then transferred to a basal diet containing sugar and 
given additional daily supplements of 40 /xg. ribo- 
flavin and a fuller’s earth filtrate from a liver 
residue extract. This filtrate supplied the filtrate 
factor portion of the vitamin Bg complex ; a dose of 
1 ml. was equivalent to 6 g. of the original liver. It 
was found unsatisfactory to give a starch diet in 
tests for vitamin Bg, as all cereal starches contain 
some of this vitamin [Chick, Macrae & Worden, 
1940]. After some preliminary experiments it was 
found satisfactory to give the basal diet and supple- 
ments other than vitamin Bg for a standard period of 
14 days before administering the test material. The 
rats usually grew well in the 1st week, but veiy 
poorly in the 2nd week, and showed a satisfactory 
response to a subsequent adecjuate dose of vitamin 
Bg. Twm levels of dose of pure crystalline vitamin Bg 
hydrochloride were given in every test, and the test 
material was fed at two levels as' in the riboflavin 
tests. This permitted of a good comparison in most 
cases, since flours and offals were good sources of 
vitamin Bg. 

Estimation of filtrate factors. The filtrate factor 
portion of the vitamin Bg complex is known to 
contain pantothenic acid and at least one other 
factor [Lythgoe, Macrae, Stanley, Todd & Work, 
1940]. An attempt was made to estimate panto- 
thenic acid separately, but so far difficulty has been 
experienced in devising a basal diet free from panto- 
thenic acid yet containing all other factors of the 
vitamin Bg complex. It ha..s, therefore, been possible 


only to test for the whole filtrate complex. For this 

young rats were prepared as for the 

tests and were given the basal sugar e sup ^ 

xTi+aimn r>, * 4U uS. 


iiven tVe basal sugar chet supple- 
mented with 10f.g. crj^tallme 
riboflavin, 10 /xg. crystalline vitamin y 

cMoride, I mg* mositol, i mg. mcotmic acid, 3 mg. 
ioiine chlorkle and 0-1 ml. cod-liver oil daily- It 
was thought advisable to give the additional ^pp - 
ments of inositol, nicotinic acid and 
when the other vitamins were supplied m the 
orvstalline form. Choline chloride was certamly 
needed, for it was observed in ^ 
had seen the reports of Gyorgy ^ 

that the yomig rats occasionally died without 
apparent ckise within a week of receiving the basa 
diet with %itamin riboflavin and vitamin B 
Abnormalities of the liver and kidneys, as described 
bv Gvorgy & Goldblatt, were found m these animals 
at autopsy, and after choline chloride was given no 
further losses occurred. As in the vitamin B^ tests 

Table 2. Summary of tests for riboftavin content 


Supplement 
1. White flour: 
73 % extraction 
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, a preliminary period of 14 days with aU vitamin B 
I suwlements other than filtrate factors was found 
. suitable as a means of preparing the rats for testing. 

As no source of filtrate factors in a pure form was 
! available a dried baker’s yeast was taken as standard 
of comparison in these tests; it was given at two 
: levels of 100 and 200 mg. daily. The resu ts were cal- 

. culated in terms of mg. -equivalents of the standard 
) yeast. 


of flours and offals 


Calc. 



Av. 

content 



weekly 

of ribo- 


No. 

gain 

flavin 

Daily 

dose 

of 

rats 

in wt. 
g* 

Mg-/g- 
fresh wt 

2*7g. +6/xg. 

14 

14 

0*85 


Riboflavin A 

12 fig 

2. JSTationai wheatmeal: 
85% extraction 1-7 g 


Riboflavin 

3. Wholemeal: 
100% extraction 


Riboflavin 

4. Weatings 
Riboflavin 

5. Bran 
Riboflavin 

6. Germ 1 
Riboflavin 

7. Germ H 
Riboflavin 


2*4 cf 

2-7g.'-l-6gg. 

riboflavin 

6gg. 

12 gg. 

2-0 g. 

4-0 g. 

2-1 g. -tfliag. 

riboflavin 

6y.g. 

12 Mg- 

1- 7 g. 

2- 7 g. 

6 jig. 

12 Mg. 

1- 6 g. 

2- 16 g. 

12 Mg- 
18 Mg- 
200 mg. 

400 mg. 

flMg- 
12 Mg- 
200 mg. 

400 mg. 

6/xg. 

12 /xg. 


Table 3. Summary 
content of flo 


of tests for vitamin Bq 
urs and offals 


Supplement dos^ 

1. White flour: 

73 % extraction 1*7 g. 

3*4 g, 

Vitamm Bg 2-5 /x 

hydrochloride 5-0 p 

2. National wheatmeal:^ 

85 % extraction 1*36 

2-7 g 

yitamin 2-5 m 

hydrochloride 5*0 y 

3. Wholemeal: 

100 % extraction 1*0 g 

2-0 g 

Vitamin .B« 2*5 

hydrochloride 5-0 p 

10 fii 

4. Weatings 1*02 

2*04 

Vitamin Bg 2*5 /^ 

hydrochloride 5*0 p 

5. Germ I 200 i 


Av. 

weekly 
gain in 
wt. s. 


Calc, 
content 
of vitamin 
Bg hydro- 
chloride 

fresh 

wt.=*= 


Vitamm Bg 
hydrochloride 

6. Germ II 


400 mg. 
2*5 /xg. 
5*0 /xg. 

200 mg. 
400 mg. 
2*,5 1x2*. 


Vitamin Bg 2*5 /xg. 

hydrochloride 5*0 /xg- 

* These values x 0*82 give 
of the materials. 


the actual vitamin Bg content 


All results given in the final columns of l-^xhles 2, 
3 and 4 are calculated by reference of the weight 
increase corresponding to the test doses of the un- 
known substances, to the straight line obtained by 
plotting the logarithm of the two standard doses to 
the growth response which they elicited. In no case 
was use mad© of a composite curve constructed for 
the responses to the standard, but in each separate 
experiment the results were calculated with refer- 
ence to the line obtained from the results with the 
standard doses in. that particular test. 
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Tal 3 le 4. Sumnictry of tests for filtrate factor 
contefit of flours a/ml offals 

Calc, 
content o 
filtrate 
Av. factors 





weekly 

mg.-equiv 



No. 

gain 

of D.C.L. 


Daily 

of 

in wt. 

yeast 

Supplement 

dose 

rats 

g- 

per g. 

1. White flour: 





73 % extraction 

L7 g. 

8 

7-5 

40-50 

2-7 g. 

8 

11 


D.C.L. yeast 

100 mg. 

8 

9 



200 mg. 

8 

12 


2. National wheatmeal: 




85% extraction 

1-36 g. 

8 

10-5 

80 


2-7 g. 

8 

16-5 


D.C.L. yeast ' 

100 ing. 

7 

10 


200 mg. 

S 

15-5 


3. Wholemeal: 





100 % extraction 

1-02 g. 

11 

11 

110 

2-04 g. 

11 

16-4 


D.C.L. yeast 

100 mg. 

10 

9*7 



200 mg. 

11 

15*5 


4. Weatings 

1*02 g. 

2-04 g. 

4 
■ 4 

15 

21 

190 

D.C.L. yeast 

100 mg. 

4„„ 

8 


200 mg. 

4 

15 


5. Germ I 

250 mg. 

4 

6 

200 


500 mg. 

4 ' 

10 


D.C.L. yeast 

100 mg. 

4 

11 


200 mg. 

4 

17 


6. Germ II 

250 mg. 

’4 

5-5 

250 


500 mg. 

4 

9 


D.C.L. yeast 

100 mg. 

4 

8 



200 mg. 

4 

14'5 



DISCUSSION 

The recorded estimations of riboflavin in cereals iii' 
dude few carried out by biological methods with 
rats as the test animals. The earlier studies of 
Copping [1936] and Copping & Roscoe [1937] gave 
an approximation, but no quantitative values, since 
factors other than riboflavin were limiting the 
growth of the rats under the conditions of the tests. 
Most of the existing values for riboflavin have been 
obtained by fluorimetric or microbiological methods. 
Gonnet’ & Straub [1041a] have reported good agree- 
ment in their results obtained by a combined method 
for estimating vitamin and riboflavin simul- 
taneously, and by a simple fluorimetric method for 
estimating riboflavin alone, as used by Hodson & 
Norris [1939]. Hodson & Norris compared the 
results obtained with their fluorimetric method for 
estimating riboflavin with those obtained by the 
microbiological method of Snell & Strong [1939] and 
also found good agreement. 

All the values reported for wheat and wheat pro- 
ducts by the above workers are considerably lower 
than those found in the present biological estima- 
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tions. Dr Davis and Mr Newlaiid, of the National 
Institute for Research in Dairying, Shiiifleid, have 
tested the present series of flo-ur samples by a modi- 
fication of the microbiological method of Snell & 
Strong and have obtained results in remarkably 
good agreement with those obtained in the present 
biological tests (Table 5). Barton-Wright [1942], 
who used the microbiological method, reports a 
series of values in good agreement with, those 
obtained by Dr Davis and Mr Newland and by the 
biological method. Andrews', Boyd & Terry [1942] 
described studies of riboflavin in cereals by the 
microbiological method, but their results were much 
lower than those obtained at Shinfield. It may be 
that the wheat blend used in milling the present 
series of flour samples was particularly rich in ribo- 
flavin, though this is , imlikely. Conner & Straub 
[1941a] report values ranging from 0*89 to 1*91 yg, 
per g. for 15 varieties of hard wheats and from 0*81 
to 1-48 yg. for 16 varieties of soft wheats. The 
generally higher results obtained by biological 
methods with rats, as compared with those obtained 
by fluorimetric or microbiological methods may bo 
due to the difficulty in the extraction of riboflavin 
from cereal products which is necessary in the latter 
procedures, or, on the other hand, to the presence of 
other factors affecting the growth of rats in the 
biological method. The biological method for esti- 
mating idboflavin as originally described by Bi 
Sadr et aL [1940] has been applied to examining 
many materials in tiiis laboratory and has been 
constantly checked by experiments with different 
doses of pure riboflavin. No evidence has been 
obtained of the need of the rat for B vitamins other 
than those present in the liver extract used. The 
good agreement between the results of biological 
and microbiological tests on the materials used in 
this study would also appear to confirm the re- 
liability of the biological method. 

Fraenkel & Blewett [1941] demonstrated differ- 
ences in the riboflavin content of patent, straight 
run and wholemeal flours by a method in which the 
criterion adopted was the development of the flour 
beetle, Tribolmm confusum. These workers have also 
demonstrated graduation of riboflavin content in 
the flour samples used in the present study but have 
not as yet been able to make a quantitative esti- 
mation by their method of riboflavin in such re- 
latively poor sources. 

For comparison the riboflavin values obtained for 
different wheat products by several observers are 
collected together in Table 5. 

Values for the vitamin Bg content of cereals have 
not yet been reported to any extent, though it was 
demonstrated qualitatively some years ago [Birch & 
Gyorgy, 1935; Copping, 1936] that most cereals and 
their milling products were good sources of this 
nutrient. Swaminathan [1940 a, 6] developed a 
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Table 5 

Riboflavin ftg./g. estimated by 


Material 

(I) G) 

(3) 

w 

( 5 ) 

(6) 


0-85 0-83 

0-75-P25 

0-62 

0-4 

— 

ext. tloiir 

2*00 2-14 

2*(ML2-1 

— 

— 

.. — 

i00% ext. tioiir 

2-30 2-78 

2-65-3‘7 

I'OO 

— 

0.89-2- 

\\l‘atlngs 

(nrifldiiags) 

4-00 5-90 


3*80 

1*3 


Bran 

4-80 — 

5-8 

2-80 

1-0 

3-17 

Germ 

7'8 — 

and. 

12 

9-7~-12-85 



3'78— 5‘ 


(1) Copping by biologica.]. method in present study. 

(2) Davis & Newlaiid by microbiological method on same 

, materials. 

(3) Barton- Wright [1942] by microbiological method. 

(4) Andrews ei al. [1942] by microbiological method. 

(o) Hodson & Norris [1939] by linorimetric method. 

(6) Conner & Straub [19415] by iliiorimetric method. 

colorinietric method by means of which he found 
values of 3-0 and 7-6 pg. per g. for white flour and 
whole wheat. These values are rather . higher than 
those obtained by the biological method but of the 
same order. Recently, Conger & Elvehjem [1941] 
have described a biological method for estimating 
vitamin Bg by the growth of rats which is essentially 
the same as that used in the present study. While 
these workers did not include cereals among the 
materials which they examined, so that no com- 
parative values exist, it is worthy of note that the 
rates of weight increase of tlieir contiJol animals 
receiving vitamin hydrochloride in daily doses of 
2, 5 and 10 gg. were, respectively, 9, 14 and 19 g. 
weekly, and in the present tests for rats receiving 2-5 
and 5 gg. they were 10 and 14 g. weekly, respectively . 
This would seem to iu, dicat© that the methods in 
these twn laboratories were directly comparable and 
that biological testing of vitamin Bg can now be 
said, to be on a sound basis. 

The results of the tests for filtrate factors in flours 
and offals are important in so far as they give a com- 
parison of the value of the different milling fractions 
and indicate the distribution of the filtrate factors 
through the grain. This aj)peai‘S to follow that of 
vitamin Bg fairly closely, a considerable amount of 
both vitamins being found in the white flour, with a 
marked increase in the transition from 73 to 85 % 
extraction and a less mai'ked inciease in the further 
advance to 100% extraction. A great increase in 
the amount in flour of 85 compared with that 
73% extraction also held for riboflavin, but tlie 
amounts present in the floui's and offals were re- 
latively lower tlian the amounts of vitamin Bg and 
filtrate factors. Tlie germ and the weatiiigs or midd- 
lings fraction of tlie grain proved very good sources 
of all three vitamins, and it is the inclusion of these 


fractions in the 85 % extraction national wheatmeal 
which raises its nutritive value with regard to all 
members of the vitamin complex so greatly above 
that of white flour. 

SUMMARY 

1. Estimations have been made by biological 
methods, with the weight increase of yoimg rats as 
criterion, of the riboflavin, vitamin Bg, and filtrate 
factors present in whit© flour, national wheatmeal 
and wholemeal, and in wheat germ, bran and midd- 
lings or weatings. 

2. All the fluiirs were poor sources of riboflavin, 
but there was a threefold increase with the rise of 
extraction from 73% for white flmm to 85% for 
national wheatmeal. Wholemeal was only slightly 
superior to national wheatmeal in its riboflavin con- 
tent. Wheat germ contained pier g. more than three 
times as much riboflavin as wholemeal, while bran 
and weatings were about twice as rich in this factor 
as wholemeal. 

3. The differences in vitamin Bg content in white 
flour, national wheatmeal and wholemeal were less 
marked than those in riboflavin content, indicating 
a more even distribution of vitamin Bg throughout 
the grain. Wheat germ and weatings contained p>er 
g. about three times as much vitamin Bg as whole- 
meal. 

4. The amounts of filtrate factors in the floms and 
offals showed a similar distribution to the amounts of 
vitamin Bg. 

5. The results are summarized in Tables 2-4, and 
in Table 5 riboflavin values for wheat jiroducts 
obtained by several workers are collected for com- 
parison. 
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The Intravenous Glucose Tolerance Equation 

By G. D. GEEVILLE, Biochemical Department, Runwell Hospital, near Wickford, Essex 

(Received 11 September 1942) 


The intravenous glucose -tolerance test in which the 
blood-sugar is measured at intervals for an hour or 
two following a single intravenous injection of 
glucose has received steady but not intensive atten- 
tion during the last 20 years. Eecent important con- 
tributions include those of Crawford [1938], Ross 
[1938], Lozner, Peters, Taylor & Winkler [1941], 
Hamilton & Stein [1942], McKean, Myers & von der 
Heide [1935] and Txmbridge & Allibone [1940], The 
two last-named papers contain reviews of the litera- 
ture up to 1935 and 1938 respectively. 

The lack of agreement among the various workers 
regarding procedure is remarkable. This applies not 
only to the dose of glucose given, but also to the 
assessment of the results. As the latter involves 
interpretation of the curve obtained for each test 
when the blood-sugar is plotted against the time 
after injection, a study of such curves seems most 
desirable. This paper concerns curves obtained in a 
series of glucose tolerance tests performed in this 
Hospital in 1940 in collaboration with Dr Derek 
Russell Davis ; I undertook recently an examination 
of them. The following data are important for an 
appreciation of what follows ; fuller practical details 
are given later in the paper. 

In all, 35 tests were carried out on 13 adult 
psychotic patients. In 26 tests the dose of glucose 
was 15 g. per sq. m. body surface, in 8 it was 0*5 g. 
per kg. body weight, and in 1 test it was 27*6 g. [cf. 
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Tunbridge & Allibone, 1940]. The glucose was in- 
jected iki 33|- % solution in water over a peiiod of 
2 min., and the time at which the blood specimens 
were taken was measured from the mid-time of the 
injection. 1 4 specimens were taken at intervals from 
5 to 90 min. (both inclusive) after, and 4 specimens 
before the administration of glucose. The blood- 
sugar (in mg./lOO mi.) will be denoted by y, the time 
(in min.) by t, and the graph obtained by plotting y 
against t will be called ‘ the curve ’. Two of the curves 
obtained are shown in Figs. 1 and 3 (points repre- 
sented by circles). 

AN EQUATION FOR THE INTRAVENOUS 
GLUCOSE TOLERANCE CURVE 

A simple relationship which might hold approxi- 
mately is that the rate of fall of blood-sugar at any 
instant after the injection of glucose is proportional 
to the value of the blood -sugar at that time, i.e. 


where K is a constant. This gives on integration 

log 1 /=: —Ai-j- const. (ii) 

Such a relationship has been found to hold approxi- 
mately for the disappearance of foreign sugars from 
the blood [Fishberg, 1930], and also for the dis- 
appearance of calcimn ion from the blood following 
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t.he intravenous injection of calcium salts [Greville, 

1 93 1 ], altliough in the latter case y represents not the 
hlood-calcimii but its excess above the initial value. 
If equation (ii) holds for the intravenous glucose- 
tolerance GUTve, then when log y is plotted against i 
a straight line should be obtained. In their recent 
paper Hamilton & Stein [1942] have shown that this 
is true to a limited degree. The points in the middle 
part of t he plot of log y against t (corresponding to 
blood-sugars between 100 and 200-250) fall approxi- 
mately on a straight line; at both ends the points 
usually deviate, intlie direction of increasing y. Now 


a positive value of y which wiU be denoted by 
The equation which applies Ls therefore 


so that on rearrangement we have instead of 
ecpiation (i) 

^=-k{y-yo), 

at 

where k, the slope of the line, is given m 
Fig. 1 by LYJYy^. Thus at any instant, the rate 
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0 20 40 60 80 100 0 2 4 6 8 lu 

timin.) -dyidt 

1 Intravenous glucose tolerance test. Circles (.), blood-sugar (y) plotted against time (f) (curve fitted by , hand). 

Crosses ( x ), dy/dt (slope of y, i curve) against y. P= pre-injection blood-sugar. For other symbols see ex . 


if equation (ii) holds, equation (i) should also apply, 
in. which case dyjdt plotted against y should give a 
straight line which passes through the origin. In 
Fig. i, dyidt, which is the slope of the y, t curve, has 
been measured for several values of y, and then 
plotted against y (crosses). The points fall approxi- 
mately on a straight line, which, however, does not 
pass through the origin, but intersects the ^A-axis at 


of fall of blood-sugar is proportional not to the 
blood-sugar, but rather to the excess of the 
blood-sugar above some value which is a 
constant for the particular test. In that of Fig, i 
2 /o equals 70. 

Integrating (iii) we have 

'^og(y-ya) = G-let, (iv) 
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where G is a constant, and expressing equation (iv) 
in the exponential form, 


Equation (iv) shows that when log (^ — ^o) ^ plotted 
against t a straight line should result. This actually 
occurs, as will be seen from the graph marked 
‘2/0 = 70’ in Fig. 2. This was obtained by plotting 
log (y-yo) against t, using the data of Fig. 1 and 
the value of 2/0 (70) derived above. The points fall 
close to a straight line over .the whole range of the 
measured blood-sugar values. A still closer fit is 
shown in Fig. 3 (graph III) for another test (2/0 = 52). 
With all 35 tests of this series it was found that when 
log (y — yo) is plotted against t the points lie about a 
straight line for the whole, or nearly the whole, of 


plotted against t, and the smooth curve drawn which 
seems best to fit the points. Then the slope of the 
curve is measured graphically for several values of y, 
usually chosen at intervals of 20 mg./ 100 ml., more 
frequently where the curve has greatest curvature. 
It is best to take the mean of two measurements of 
the slope for each value of y. The values thus 
obtained for the slope (dyidt) are plotted against the 
corresponding values of y, as in Fig. 1. The straight 
line which best seems to fit the points is drawn; it 
intersects the 2/ -axis at y^, y^ is read off, log (y-^ya) 
calculated for each blood specimen, and plotted 
against t, as in Fig. 2. The points are fitted by ©ye 
with a straight line ; k is given by the slope of the 
line, and C by the point at which it intersects the 
log (2/ -2/0) axis. 


• • S/n=0 



2/o=70 


t (min.) 

l ig. 2. Same test as ^I ig. 1. yQ — h) , log {y — ^0) against t (straight line fitted, using constants of regression equation). 

^ ^ ^ ^ : value of log (^ - 70) corresponding to pre-injection blood-sugar. 


the range 5-90 min. We may therefore state that, 
for the series of tests under consideration, equation 
(iv) represents the data of any test with considerable 
accuracy ; and equation ( v) is an intravenous glucose- 
tolerance equation in the exponential form. 

Estimation of the constants of the equation 
Method 1 : gra’phical. This, the method of choice, 
follows the principles already outlined, y is first 


Method 2 : trial and error. Log {y - 2/0) is plotted 
against t several times, using different arbitrary 
values of 2/0 each time, imtil that value of y^ is found 
which brings the points most nearly in a straight 
line, k and O are then measured from this line as in 
method 1. Method 2 is somewhat laborious and not 
very soimd, but is occasionally useful. 

Method 3: calculation. Let (z/^, q), (2/2, q), (Vz^ h) 
be three points on the curve separated by equal time 


intervals, so that t„-h = h- h- Then it can be sho-wn 

that if eqiiatioii (iv) holds, 

th = - !/l Vz)' 

I aril iiKbbted to Dr Tudor Jones for pointing out 
this relationsliip. The method is to read off from the 


t (min.) 

Fig, 3. A different test from that of Fig. 1. Circles (#), 
observed values of y plotted against t. I (solid curve) 
represents the equation y = + «/o » where C — 5-638, 
/^=0*02310, ^(,=52. ll (broken curve) represents the 
same equation with h increased to 0-04 and in- 
creased to 72. Ill, log {y - 52) against t (straight line 
fitted using constants of regression equation). 


smooth y, t curve the values of y at (say) 10, 35 and 
60 min, 2/0 then calculated by equation ( vi) . At the 
same time h can be calculated by the equation 


Equations (vi) and (vii) have, in general, not yielded 
very accurate results, but once again the method has 
proved useful on occasion. 

Notes on method 1 

(а) The logarithms in the above equations and 
figures are of course natural logarithms, to the base e. 
One can if necessary plot logarithms to the base 10, 
and multiply the values, of C and h found from the 
graph by loggl0 = 2-30. 

(б) Fitting a straight line to the {dyjdt, y) points is 
sometimes a little difficult. There is often a syste- 
matic departure from the straight line with the first 
one or two points where y is large, which is much 
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be shown more marked in this graph than in the log {y-yo),t 
plot. These deviating points are best neglected and 
the line fitted to the remainder. Again, small de- 
flexions of the y, t curve may produce considerable 
titing out changes in the slope, and the dy/dt, y plot may be 
‘from the slightly sigmoid as in Fig. 1. 

In order to get some idea of the error involved in 
the drawing of the y, t curve and the measurement 
~ of slope, the y,t curve was drawn twice for each of 

34 tests. Each curve was used to construct a dy/dt, y 
curve, so that for each test there were two evalua- 
" tions of 2/0 • Statistical examination showed that in 

'g 95 tests out of 100 the difference between the two 

T evaluations would not be expected to exceed 15 

(standard error = 4- 89).* Experience showed that 
M when 2/0 was used to construct a log (y — 2 / 0 ), t curve 
_ 4 ,Q and hence to estimate alteration of 2/0 by 1 5 caused 

an error of about 13-5 % in the estimate of h. This is 
not great, considering that the range of k in the series 
- 3.5 is from 0-016 to 0-039. 

• Another check on the suitability of the graphical 

method arises from the circumstance that the dyjdt, y 
graph should have the same slope k as the log (y — y^), 
t graph. For each of the 34 tests, the mean of the two 
estimates of y^, derived from two drawings of the 
y, t curve as above, was used to construct the 
-- log ( 2 / — 2/o)> ^ graph and hence obtain an estimate of 

k. The slopes of the two dyjdt, y graphs also gave two 
lOQ estimates of k, of which the mean was taken. The 

arithmetic mean of k from the whole series of 
log (y — 2/o)» t graphs was 0-0268, and from the whole 
lircles (#), series of dyjdt, y graphs 0-0270. In any individual 
olid curve) series of approximations should strictly be 

^ents^the values of k agree satisfactorily, 

^ in^ approximation was generally found to 

raightline j^ive good enough agreement for all practical piir- 
t). poses, and the closeness of the means of the two sets 

supports the decision to neglect the small differ- 


Goodness of fit : statistical examinat ion 

In an attempt to assess the goodness of fit, the 
linear regression equation relating Z to t was calcu- 
lated, namely, 

Z-G-M, 

where Z = log {y ~ yf), and C and ^ are constant, — k 
being the regression coefficient of Z on L f®, the 
square of the correlation coefficient between .2 and t, 
was then found, is a measure of the fraction of the 
variability of Z which is attributable to the linear 
relationship. 

The regression equations have been computed for 
six tests only, as it would be laborious and of no great 
worth to calculate them for all ; the constants can be 

* It should be recognized that the standard error used 
here is not a measure of the accmacy with which is deter- 
mined, but a measure of the consistency of results obtained 
by the graphical method. 
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estimgited satisfactorily by the graphical method. 
In order to obtain representative figures the tests 
were divided into three groups, ‘best’, ‘medium’ 
and ‘worst ’, having regard to the amount of scatter- 
ing of the points romid the y, t curve. They were 
thus probably assessed according to the amount of 


some of the tests there seem to be systematic de- 
viations which need consideration. 

It is difficult to fix any standard with which to 
decide whether a point deviates from the line. It is 
best to examine the graphs with a sense of pro- 
portion. I have judged as fairly as I could for each I 


Table 1. Intravenous glucose-tolerance test protocols, showing simultaneous values of hlood-sugar y (mg, j 100 ml.) 
and time t (min.), together with the values of the constants y^, C and k in the equation log (y-yo) = C — 
calculated for each test 


No ■ 

1 


2 

Sex, "age ... 

F, 47 


F, 46 

Diagnosis’^ 

Mel 


C.Ps. 

Weight (kg.) 

44*5 


52*6 

Surface area (m.®) 

1*43 


1*53 

Glucose injected (g.) 

21*3 


26*3 

yo ... 

63 


73 

C ... 

5*68 


5*64 

Wk 

304 

385 


t. y 

t 

y 

Initial value 

... — 94 



85 


5 323 

5 

309 


10 264 

10 

262 


21 220 

20 

201 


26 195 

30 

167 


37 162 

35 

149 


41 142 

40 

137 


46 144 

45 

123 


51 130 

50 

110 


56 115 

55 

107 


60 106 

60 

98 


65 103 

65 

97 


70 98 

71 

90 


80 89 

80 

84 


85 84 

90 

84 


* C.Ps. confusional psychosis 


3 

4 

5 


6 

F, 36 

M, 38 

M, 54 


M, 44 

Mel 

Mel 

Par. 


Mel 

47^2 

51*3 

64*9 


49*4 

1*45 

1*59 

1-66 


1*61 

21*6 

24*0 

25-0 


24*0 

50 

78 

61 


64 

5*55 

5*24 

5*56 


5*38 

239 

208 

259 

289 

i y 

i y 

t y 

t 

y 

— 85 

87 

— 99 

— 

88 

5 314 

5 259 

5 299 

5 

256 

10 261 

10 231 

10 257 

10 

223 

20 205 

20 197 

20 209 

20 

■ 185 

30 178 

30 181 

30 182 

30 

151 

35 164 

35 170 

35 168 

35 

144 

40 148 

40 159 

40 156 

40 

136 

45 140 

45 152 

45 154 

45 

125 

50 127 

50 145 

50 129 

50 

116 

60 112 

55 139 

55 120 

55 

104 

65 104 

60 132 

60 115 

60 

97 

70 100 

65 128 

65 110 

65 

96 

80 87 

70 120 

70 104 

70 

92 

90 82 

80 115 

80 93 

80 

86 

— — 

90 108 

90 88 

90 

80 


; Mel. melancholia; Par. paraphrenia. 




experimental error. The two most representative 
tests of each group were then selected. The results 
are given in Table 2. The calculations were done for 
the whole of the range 5-90 min., except that in 
no. 1 the last specimen was at 85 min. Test no. 7 is 
that represented in Fig. 3; is here as high as 
0*9989. 


Table 2. Constants of the regression equation 
Z — C — let, where Z = log (y — yf) 

No. of 


Group 

test 

2/o 

C 

lOU' 


Best 

7 

52 

5*638 

231*0 

0*9989 


4 

78 

5*245 

207*6 

0*9973 

Medium 

1 

63 

5*690 

306*9 

0*9957 


2 

73 

-5*637 

384*9 

0*9906 

Worst 

8 

63 

5*510 

335*8 

0*9594 


9 

55 

5*280 

217*8 

0*9592 


Goodness of fit: range 

Above we have assessed the goodness of fit of the 
straight line given by equation (iv) to the data over 
the whole experimental range. In Figs. 2 and 3 (III) 
the points lie close to the line throughout, but in 


test, the first and last points which lie close to the 
line. 

In 10 tests out of 3 1 the 5 min. point was judged to 
deviate, in each case above the line, so that the blood- 
sugar was falling more rapidly than equation (iii) 
allows. The 10 min. point deviated in only 2 out of 
35 tests. The blood-sugar corresponding to the first 
point lying near the line was noted for each of 35 
tests; the average was 275 mg./lOO ml. (range 187- 
332). 

In 13 tests the 90 min. point deviated above or 
below the line; in 19 it did not. The average of the 35 
blood -sugar values corresponding to the last point 
near the line was 90 (range 75-137). In 16 tests out 
of 30, equation (iv) continued to be obeyed after 
the blood-sugar had fallen below the pre-injection 
value, in one case as far as 24 mg./ 100 ml. below. 

Goodness of fit i exponential curve 

A demonstration of the goodness of fit consists in 
reconstruction of the y, t curve. Thus, the constants 
of equation (iv) for test no. 7 (Fig. 3) having been 
accurately determined (Table 2), they are inserted 
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in eqiial^ioii ( v) so that y can foe calculated for any t. 
For the folood specimens we h,ave 


i 

0 

10 

20 

30 

35 

40 

45 

y calc. 

302-5 

275 

229 

193 

177 

163-5 

152 

y obs. 

306 

273 

225 

193 

179 

165 

152 

t 

50 

55 

60 

65 

70 

80 

90 

y calc. 

140-5 

131 

122 

114-5 

108 

96o 

87 

y obs. 

141 

130 

lil 

115 

107 

96 

88 


In Fig. 3 tlie solid curve (I) represents equation (v) 
with the appropriate values of the constants, i.e. 

y _ g5.63S~-0-0231()« 52^ 

and the circles represent the experimental values 
of y. 

These results speak for themselves. 

The constants 

Jq, which might foe called the ‘ limiting value oiy\ 
is the level which the curve would approach asymp- 
totically were equation (v) to foe ofoeyed when t 
foecomes large. What happens when y actually 
approaches cannot be stated; none of the tests 
were continued after 90 min., and. all the 90 min. 
values of y were greater than ^/o* Iii Fig. 1 the curve 
seems to be approaching y^ with precision. In two 
curves y reached a minimum (approx. 75 and 68) 
and then rose again. The values of ^/o in these tests 
were low (25 and 32 respectively), so that y rose long 
before 2/0 reached, otherwise hypoglycaemic 
signs might have appeared, does not appear to 
foe correlated with, the pre -injection blood-sugar, but 
in all tests it was smaller than the latter, y^ ranged 
from 25 to 91. 


of (;?/-- 2/0) denoted by B, and that of y by y, then 

7^ r= B 4- ijq and equation (iv) becomes 

= (viii) 

C ranged from 5-12 to 5*82, B from 167 to 337, and 
y from 234 to 369. 

N on-psychotic subjects 

As many psychotics show” abnormal oral glucose - 
tolerance curves, the above findings should be con- 
trolled by observations on non-psycho tic subjects. 
I have taken data from the literature, thus covering 
different experimental conditions, and found C, k 
and [i/q for a considerable number of tolerance tests. 
The results with a few^ of these are showm in Table 3. 
Except with nos. 2, 8 and 9, it w’-as necessary to 
measure the published graphs to obtain y and t,* 
Some of the values of and h in these tests fall 
outside the range found with the psychotics. The 
columns headed ‘ Range of t ’ and ‘ Range of yQ ’ show 
the range over which equation (iv) was judged to 
apply. This was wide, especially with nos. 6 and 9. 

EXPERIMENTAL DETAILS 

In view of Hirnsworth’s well-known work, the 
patients w^ere kept on a constant carbohydrate in- 
take of 282-299 g. daily. Absence of infection was 
checked by determinations of the erythrocyte sedi- 
mentation rate. The tolerance tests were performed 
in the morning, after a fast of about 15 hr. The 
glucose was injected with the aid of a three-way tap 
fitted to the syringe nozzle, and Od. ml. blood 
specimens were taken from the ear-lobe [see 
Harrison, 1937]. 


Table 3. Constants of the intravenous tolerance equation in non-psychotic subjects 


Reference 

Glucose 

injected 

Vo 

m/c 

C 

Range 
of t 

Range 

ofy 

(1) 


96 

1068 

5-58 

2-30 

296-106 

(2) 

0*5 g./kg. 

65 

334 

5-61 

2-75 

298-88 

(3) 

0-5 g./kg. 

150 

686 

5-17 

3-30 

270-171 

(4) 

30 g. 

85 

453 

5-48 

3i-5ii 

291-110 

(5) 

15 g. 

80 

555 

5-06 

l|-44| 

226-94 

(6) 

27-6 g. 

62 

375 

5-56 

24-644 

305-85 

(7) 

27-6 g. 

105 

263 

5-61 

10-78 

319-142 

(8) 

25 g 

59 

289 

5-42 

5-120 

254-67 

(9) 

20 g. 

56 

334 

5-55 

4-112 

280-62 


(1) Ross [1938], Fig. 17. (2) Crawford [1938], Table 1, case 1, test a. (3) 
[1940], Fig. 4, curve I. (5) Ibid. Fig. 4, curve 11. (6) Ibid. Fig. 10, curve II. 
uL [1941], Table 1, no. 5. (9) Jorgensen [1926-7), no. Axiv- 


k, as is seen from equation (iii), gives the rate of 
fall of blood-sugar per unit excess of blood-sugar 
above the limiting value y^. The unit is min."^. 
Throughout the tests there was a slight tendency for 
k to increase with y^. k ranged from 0-0176 to 0-0386. 

C. If equation (iv) were to hold for values of t 
approaching zero, then G would be the value of 
log (2/ — 2/0) when Z = 0, If the corresponding value 


Description 

Normal curve 
? children 

Child, 11 yr., rheumatism 
Normal man, aged 32 yr. 

Same subject as no. 4 
Normal medical student aged 21 yr. 
Fractured femur, man, aged 68 yr. 
Normal male, aged 52 yr. 

Heart disease, female aged 15 yr. 

Ibid. Fig. 4. (4) Tunbridge & Allibone 
(7) Ibid. Fig. 11, curve I. (8) Lozner 

Blood-sugar was determined by the cerimetric 
direct titration method of Miller & Van Slyke [1936], 
which gives values very close to the ‘true’ blood- 

* Since many workers present their results in the form 
of diagrams only, it is difficult to use their work for com- 
parison. Protocols of six tests in the present series are given 
in Table 1, in case any reader would care to use them for 
checking the assertions made here. 
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.iihI n!)uiit 7 iog.,’IOO ml. lower than the Hage- 
dorr I -d j ‘HHei i values, lyl violet 5 B was found to 

hf nil oxceliont indicator [cf. Vanossi & Ferr'amola, 

ilfdlij. 

DISCUSSION 

Blooihsufjat dynamics. Tlie remarkable thing which 
has emerg<al is tliat the rate of disappearance of 
glucose from the blood, althoiigh. presumably the 
resultant of a number of simultaneous processes, 
coiiforiiis with considerable accuracy to a simple 
iM|uatioii. 

ill tile first few minutes the blood -sugar is clearly 
higher than is to be expected from equation (v). In 
H( ‘\'fa*al tests even the 5 ruin, value of y is greater than 
y, tlie value of y at ^ = 0 given by equation (v). On 
the other hand, Table 3 shows that the 1 1 and 2 min. 
points can on occasion lie approximately on the 
calculated curve. There is, however, an extremely 
rapid d isappearance of glucose from the blood dur ing 
a short period after the injection. 

Thus, with test no. 7 (Fig. 3), 21-4 g. of glucose 
were injected into a 44*0 kg. woman. The average 
blood volume of women, according to Harington, 
Pociiin & Squire [1940], is 72*3 ml./kg., so here it 
would be 3T8 1. The blood -sugar should therefore 
rise immediately by 673 mg./ 100 ml.; hence from 
the pre -injection level of 89 it should rise to 762. For 
this test, however, y was calculated to be 333, and 
the 5 min. value of y was 306. Even if the blood 
volume were as high as 5 1., ^ would be expected to 
rise to 517. Several authors have made a somewhat 
similar calculation (cf. also Greville [1931] on the 
injection of calcium salts). 

A working hypothesis, unsupported by direct 
evidence, for the events following the injection of 
glucose is as follows. The blood-sugar reaches a 
maximum quickly, * and then falls extremely rapidly, 
partly due to osmotic entry of water into the blood, 
but mostly to rapid diffusion of glucose from the 
blood into the tissue fluids. The glucose is rapidly 
spread over the ‘active volume of the tissue flluids’ 
[Burn & Dale, 1924; Orr-Ewing, 1931]. After a time 
the blood-glucose will come into dynamic equili- 
brium with the tissue fluid-glucose. It is now sug- 
gested that when this occurs, the rate of fall of the 
blood-sugar conforms to equation (iii). The dis- 
appearance of glucose from the blood at this stage 
mirrors, as it were, the net metabolic removal of 
glucose in the tissues. Finally, at a low blood-sugar 
level, processes tending to raise the blood-sugar 
achieve predominance, the curve rises, and equation 
(v) no longer holds. 

d* Although McKean al. [1935] and Fairley [1936] 
found that the maximum occui's some minutes after the 
injection, probably owing to slow mixing of the glucose 
solution with the blood, the curves of Tunbridge & Allibone 
[1940] and Crawford [1938] show that the maximum usually 
occurs before the end of the first minute. 


Equation (iii) shows that iJie rate of fali oi' l>Io( mI- 
sugar bears a straight-liiie relationship t.o f^he fjhaud- 
sugar level. In <*x|X*]’i}!ieiits in which tlie I’afe of 
glueo.se utilization was estimated at \m’ioiis niai!i- 
tained blood -siigai’ levels, it has been found that 
the former bears an approximate'^ straight-line' re- 
lationship to the iatier, both in tlie e\’iscerated, 
hepatectomized dog [8oskii! A Levine, 1937] and in 
the perfused liind-li;mb of the cat [Limdsgaard, 

■ Nielsen & 0rskov, 1938]. Thus the present findings 
with a rapidly-falling blood-sugar, and, the interpre- 
tation of these findi.ngs, ai“e .in. co,nformity with, the 
ob.serv^ations wit.h steady glycaemic levels. 

Propert les of the curve . It is seen from equation ( v ) 
that when is altered the ciirv'^e shifts bodily up- 
wards or downwards, k largely deter,ni.i,nes the shajae 
of the curve. Thus in Ifig. 3, tlie broken curve (II) 
was obtained by mcreasiiig k to 0*04 from 0* 0231, the 
value applying to tlie solid curve; inci’easing k has 
caused the curve to bend more sharply, (ijq was also 
increased, to facilitate comparison by raising the 
curve.) Similarly, decreasing Jc would straighten the 
cm* ve somewhat. When C {or B) is altered, the values 
of {y — yo) are all changed in the same ratio (equation 
viii). 

Ass6ss?nent of tolerance tests. The methods wdiich 
have been used to characterize the results of in- 
travenous glucose -tolerance tests should now be 
examined in the light of the findings of this paper. 

The time taken for the blood-sugar to return to the 
pre-injection level [Tunbridge & Allibone, 1940], or 
to 100 mg./lOO ml. [Crawford, 1938], or the value of 
the blood -sugar at a certain time after the injection 
[Lozner et al. 1941] are criteria which do not seem at 
first to give any information about the shape of the 
curve, which depends on k. Nevertheless, any or all 
of these may possibly be correlated with k ; indeed, 
in the series, of tests on psj^chotics there appears to 
be a rough relationship between k and the time taken 
for the blood-sugar to return to 95, one tending to 
increase as the other decreases. 

Ross [1938] has used as a criterion the area imder 
the curve bounded by certain arbitrary limits. 
Despite the criticisms of this by Tunbridge & Alli- 
bone [1940], one should not dismiss it before satis- 
fying oneself that the area is not correlated with any 
of the characteristics of the curve. 

The procedure of Hamilton & Stein [1942] needs 
more detailed comment. These workers plotted log y 
against t, and found that equation (ii) is approxi- 
mately obeyed in the middle part of the graph. In 
Fig. 2, log y has been plotted against t using the data 
of Fig. 1 . The graph is labelled ‘ = 0 ’ , since equation 

(iv) becomes identical with equation (ii) when is 
put equal to zero. It is clearly curved, in contrast to 
the plot for the same data of log {y — yf} against t 
when yQ = 70. It is true that in several of the other 
tests the graph of log y against t is much straighter 
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ill tbe middle part than that in Fig. 2; but an 
-examination of all tlie tests leaves no doubt that 
-equation (iv) gives a very much better representation 
of the data than does equation (ii). The constant 
K of equal ion (ii) multiplied by 100 was proposed as 
a measure of tiie test. Since it then gives the rate of 
fall of blood -sugar at any instant as a percentage of 
the blood-sugar at that instant (equation (i)), it 
would be very convenient. Unfortunately, as we 
have seen, equation (ii) does not represent the data 
well, and it is not easy to determine K by drawing a 
straight line through points lying on a curve. 

When the test is used in the diagnosis of disease, 
any criterion may be taken 'which proves adequate 
in practice. For example, Lozner et aL [1941] showed 
that the blood-sugar 2 hr. after the injection of 25 g. 
of glucose is a reliable guide for distinguishing be- 
tween benign glycosuria and diabetes meliitus. They 
established a mean normal value for the 2 hr. blood- 
sugar, and also found the standard deviation. Any 
value differing from the mean by more than three 
times the standard deviation was considered 
abnormal. Of course in any test the blood-sugar 
may have passed through a minimum during the first 
2 hr., but this does not matter: the criterion is 
justified by experience. ' 

We have seen that the curve is characterized by 
three constants, 7c, and C, It is unfortunate from 
the practical point of view that one is not enough. 
However, the intravenous glucose tolerance test is 
regarded as a ‘delicate instrument’ [Ross, 1938], 
which ‘ deserves a somewhat more accurate method 
of measuring ’ than is obtained by noting the time at 
which the blood-sugar returns to normal levels 
[Hamilton & Stein, 1942]. These views suggest that 
it may prove necessary in the future to characterize 
experimental curves by the constants of the tolerance 
equation, though experience may establish a con- 
nexion between any one or any combination of the 


1943 

constants and any of the factors, normal and patho- 
logical, on which the outcome of the test depends. 

SUMMARY 

1. In the intravenous glucose -tolerance test, 
following a single injection of glucose, the value of 
the blood -sugar {y) is related to the time {t) after the 
injection by the equation 

where y^, C and k are constants, the values of which 
vary from test to test. 

2. This relationship is obeyed with considerable 
accuracy over all, or nearly all, of the time period 
5-90 min. after the injection. It was found to apply 
in a series of tests on psychotics, and also in numerous 
tests on normal subjects taken from the literature. 

3. The intravenous glucose -tolerance curve thus 
approximates to an exponential curve of the form 

where log B = O ; and at any instant the rate of fall 
of blood-sugar is proportional to the excess of the 
blood-sugar above the Timiting value’ y^^. 

4. Methods for determining the constants of the 
equation are described, and an attempt is made to 
estimate the goodness of fit. 

5. The assessment of the results of intravenous 
glucose -tolerance tests is discussed in the light of 
these findings. 

I make grateful acknowledgement to the follow- 
ing : Dr D. Russell Davis, for his collaboration in the 
performance of the tolerance tests; Mr D. J. Finney, 
M.A., of the Statistical Department, Rothamsted 
Experimental Station, for his stimulating sugges- 
tions, and for supervising my use of statistics; and 
to Dr R. Strom-Olsen and several colleagues, for 
encouragement and assistance. 
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1. MICROBIOLOGICAL ASSAY 


The fl uorometric methods of estimating riboflavin 
developed by Hodson & Horris [1939], Hajjar [1941] 
atid others have so far prm^ed to be unsatisfactory in 
our hands when applied to cereals, for reasons re- 
ferred to ill Part 2. The microbiological rnethod 
introduced by Snell & Strong [1939], however, with 
suitable modifications has been found to be satis- 
factory and expeditious. 

EXPERIMENTAL 

Organism. The organism used ivas Lactobacillus 
helveticus from Snell & Strong’s original strain no. 
7469 obtained from the American Type Culture Col- 
lection, Georgetown University, M^ashington, D.C.* 
A number of different strains of L. helveticus were 
tested for a quantitative response to riboflavin, but 
with the exception of a strain from Dr J. G. Davies of 
the National Institute for Research in Dairying, 
Reading, and which originated in U.S.A., none gave 
a quantitative response to riboflavin. The majority 
grew equally well in the absence of the vitamin, 
wdiile others gave an 'all-or-none’ reaction. 

The technique employed for the growth of the 
organism and for the assay of riboflavin was similar 
to that employed by Snell Strong with certain 
modifications which are described below. 

Stock cultures of the organism were carried on a 
yeast -water glucose agar. The cultures were kept in 
a refrigerator at a temperature of approximately 4° 
and removed at monthly intervals. 

Basal medium. The composition of the riboflavin- 
free basal medium for the determination of the 
vitamin was the same as that recommended by 
Snell & Strong, with, however, the further addition 
of asparagine, xylose, pantothenic and nicotinic 
acids. The composition of 250 ml. of the final 
medium, sufficient for 50 assay tubes was as follows : 

50mi. photolysedNaOH-treated peptone solution ; 
50 ml. cystine solution ; 12-5 ml. of a 1 % asparagine 
solution; 5’0 g. glucose; 0*25 g, xylose; 2*5 ml. 

* We are indebted to Dr J. 0. Drummond for obtaining 
this culture from Washington, 


solution A;’"^ 2-5 ml. soliitiori B; 5 ml. yeast supple- 
ment and nicotinic and pantothenic acids so that 
every ml. of the medium contains 0*05 pg. of these 
two substances. 

Media and extracts were always made with glass - 
distilled water; this precaution is essential. 

Preparation of inoculum. The procedure de - 
scribed by Snell & Strong for the preparation of 
fresh batches of inoculum for assay purposes was not 
found to be satisfactory, as there was frequently 
heavy growth in the riboflavin-free blanks. On this 
account a fresh inoculum was always prepared from 
the stock agar culture for each set of determinations. 

The presence of xylose in the medium has a two- 
fold action. In the first place the results between 
replicates were found to be more concordant whether 
direct titration with 0* i NaOH or a nephelometric 
method were employed for the actual determination, 
and in the second place, in the case of nephelometric 
determinations there was a larger ‘spread’ between 
concentration levels. 

The fermentations were carried out in ordinary 
chemical or bacteriological test-tubes ( 1 8 x 150 mm. ) 
and the tecimique described by Snell & Strong was 
strictly followed. 

Two methods have been used to determine 
quantitatively the response of the organism to added 
riboflavin. , In the first the turbidity produced by 
the growth of the bacteria is measui*ed. This pro- 
cedure is difficult with highly coloured extracts and 
special precautions have to be taken. In the second 
method the acid produced during growth is deter- 
mined by direct titration with 0* 1 N NaOH, using 
bromothymol blue as indicator. 

If a nephelometric method be employed, then it is 
necessary on statistical grounds to have five repli- 

* Solution A is composed of 25 g. KgHPO^ and 25 g. 
KH 2 PO 4 dissolved in 250 ml. distilled water. Solution B 
contains 10 g. MgS 04 . 7 H 20 , 0-5 g. NaCl, 0*5 g. FeS 04 . 7 H 20 . 
0*5 g. MnS 04 . 4 H 20 dissolved in 250 ml. distilled water. 
Solution B tends to deposit a dark coloured precipitate 
upon long standing, so that the solution should be well 
shaken before use. 
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cates for each level of conoentration. Snell & Strong 
consider that two are sufficient. This nunaber, how- 

ever, is too small an.d tiie results cannot be reliect 
upon. Moreover, for the unknown solutions whose 
riboflavin content is to be "determined tl^ere must 
also be at least three ‘ blanks ’ for each concentration 
level. These ‘ blanks ’ are inoculated iii the same way 
as the other tubes and placed in a. refrigerator so that 
bacterial growth is prevented. The readings for the 
blani^s are subtracted from the values obtained for 
the tubes in which growth has taken place. 

The estimation of acid formed during fermenta- 
tion, however, was foimd to be the most convenient 
method. It is simpler and less cumbersome than a 
nephelometric method and fewer tubes are required 
for an assay. Here again, Snell &; Strong recom- 
mend only two tubes for each concentration level. 

It is, however, from the practical standpoint, much 
more satisfactory to use three, and this number was 
always employed in the present investigation. 

Fo*! the actual titration a comparator was used. 
The procedure adopted was the same as that 
described by Cole [1928] for the estimation of amino- 
acids. Instead of the contents of the tube being 
washed into a conical flask and then titrated to 
pH 6*8 using a colour -comparison flask to obtam 
the necessary end-point as Snell & Strong recom- 
mend, the titration was carried out in the fermen- 
tation tube itself. A great saving of time is effected 
by this procedure, and the end-point is clearer and 
more easily determined than with a colour-com- 
parison flask. ^ ^ 

With this method the titration is carried out as 

follows : 

A buffer solution of pH 6*8 is prepared by mixing 
60 ml. of a 0-2M solution of KH2PO4 with the 
equivalent of 23-65 ml. of 0-2iV]sraOH, and diluting 
to 200 ml. 20 ml. of this solution is then pipetted 
into a test-tube (18 x 150 mm.) and 20 drops of 
bromothymol blue indicator added. 20 ml. of dis- 
tilled -water is pipetted into another tube. Two of 
the tubes of which the acid content is to be deter- 
mined are now taken and to one is added 10 drops of 
indicator and the tubes are then arranged in the 
comparator as sho-svn in the following diagram: 

A B 

C B 

Tube A contains distilled water and tube B buffer 
solution - 1 - indicator. Tubes C and D contain the 
assay solutions and to C indicator is added. No 
indicator is added to H. 

Tube C is now titrated with 0*1 AT ISTaOH, and for 
every ml. or part of a ml. of standard alkali added an 
extra drop of indicator is also added, while to tube D 
the same amount of standard alkali is run in from 
the burette. The titration is completed when the 
colours seen through C and D exactly match. 
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Preparation of ext. rads. It has been sliovm by, 
Scott, Randall & Hessol [1941] that starch has a 
marked ©fleet in stimulating the growth of L. hel-^ 
veticus, and as cereals contain a large amouj,it of 
starch, this must first be destroyed^^in the extract 
before the estimation is carried out. Scott et al. used 
taka-diastase for this purpose. In the present in- 
vestigation, however, taka-diastase was found to be 
unsatisfactory. The various samples of the enzyme 
that were tested showed, a marked stimulatory action 
over other liydrolysing agents, such as jDtyalm, 
HuSO^ and HCl. The method of extraction that was 
eventually adopted was to hydrolyse suitable 
weighed kmples of material with 0*25iV HCl for 
15 min. at 15 lb. pressure in an autoclave. For cooked 
wheaten products, such as bread, the time of 
hydrolysis must be increased to 30 min. Neverthe- 
less, hydrolysis with ptyalin in place of taka- 
diastase or refluxing for 1 hr. with 0*25 N H 2 SO 4 
[Hodson & Norris, 1939] or with 0-25N HCl were all 
found to give the same results as autoclaving for 
15 min. Autoclaving of the material was adopted 
simplv because it was found to be more convenient. 

After hydi'olysis thepH of the extract was adj usted to 

6-8 with NaOH and made up to the requisite volume. 
For the great majority of cereals it was found that a 
5 g. sample of the finely ground material hydrolysed 
with 50 ml. of 0-251V HCl and made up to 600 ml. 
was a convenient quantity for assay . F or substances 
with a low riboflavin content, such as patent flours, 
10 V. samples were used. When a high ribofiavm 
content was suspected, e.g. germ, 1 g. samples were 
used. A convenient rule to follow is to have the 
extract of such a strength that it contains a total of 
approximately 10-12 /xg. of ribofiavm. For each 
assay three different levels of conoentration must 
be used. The results should not differ among them- 
selves by more than 10 %, and the mean of the values 
is taken as the riboflavin content. In the present 
investigation the levels of concentration taken were, 
2 , 3 and 4 ml. of the extract. 

The results from the different methods of ex- 
traction that were employed are given in Table 1. 

Table 1 

Riboflavin 

content 

Sample MS*/§* 

National Straight Run flour (75% extraction) 

1. Hydrolysis with ptyalin O' ’6 

2. Refluxed with 0-26 if H 2 SO 4 for 1 hr. 0-75 

3. Refluxed with 0-25 iV HCl for 1 hr . 0-80 

4. Autoclaved at 15 lb. pressure for 15 mm. U-»u 

with 0*25iV' HCl ^ ^ 

5. Hydrolysed with taka-diastase 

Fats, like starch, exert a stimulating effect 
upon the gro-wth of L. helvetiaus, and substances 
with a high fat content, such as soybean, maize, 
germ and milk, must first be defatted before an 
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r x1 rtsi't- h-i !no<]e. Ci‘rt*aLs with, a liigli fat content are The possibl 
drfml eel by extraction in a Soxhlet extractor was iiivestigat 
Willi light |)c‘!roleum. Milk should be separated on from the sam 
a cent ri f’nge and. the serum shaken up in a separating riboflavin had 

fuiUiel with et her. Light petroleum is not a suitable was air dried 

fat soix'ent with milk, as the mixture tends to form moisture cont 

an el n nisi on. 

Tl'ie stimulating effects of* fats on L. helveticus are 
shown by the results in Table 2. 


The possible destruction of riboilax’iii by baking 
was investigated. .A control loaf and a. loaf ]jrepai*ed 
from the same flour to wliich 2 /xg./g. of synthetic 
riboflavin had been a.dd.ed were assayed. The crumb 
was air dried in tlie dark and in botfi casi's iani a 
moisture content of 6*7 % (Table 4). 


Table 4 


Riboflavin 

content 


Table 2 

Sa.mple 

.Milk 

1. Raw 

2. Separated 

3. Separated and extracted with petrol ether 

4. Separated and extracted with ether 


EXPERIM,ENTAL RESULTS 

The results of a number of determinations on 
different varieties of wheat, various fractions of the 
wheat grain, wheaten flours and other cereals are 
given in Table 3; tlgui’es are based on the normal 
water contents of the products. 



Table 3 

Riboflavin 

content 


Sample 

Pg*/g* 

L 

Wheat, English 

1 •9-2*65 

2. 

Mflieat, Manitoba 

2*7-2*9 

3. 

Wheat, Australian 

2*4-2*65 

4. 

Wheat, Russian 

3*7 

5. 

Wheat, Testa 

3*9-5*8 

6 . 

Wheat, Aleurone layer 

6*3-7*55 

7. 

Wheat, Germ. Commercial sample 1 

11*35 

8. 

Wheat, Germ. Commercial sample 2 

12*85 

9. 

Wheat, Germ. Commercial sample 3 

9*7 

10. 

Flour, A roll 

0*4-0*5 . 

11. 

Flour, 0 roll 

0*5-0*6 

12. 

Flour, National Straight Run (75% 
extraction) 

0*75-1*25 

13. 

Flour, National Wheatmeal (85% 
extraction) 

1 *7-2*1 

14. 

Barley 

2*3 

15. 

Rye 

2*65 

16. 

Maize 

2*3-2*7 

17, 

Soybean 

3*0-4*9 


The riboflavin content of samples of baker’s yeast 
and brewer’s yeast was also determined. 

Riboflavin 

content 

Baker’s yeast 23*0 

Brewer’s yeast 66*0 


1, Control loaf 

2, Loaf + 2 pg./g. added riboflavin 

3, Recovered riboflavin 


Ribofl.aviii 

■co.ntent 

Pg-/g* 

2-85 

4-SO 

1*95 


It will be seen from the results in Table 4 that 
there is no significant destruction of riboflavin in 
the baking process. 

A survey of the riboflavin content of different 
milling fractions of an English wheat which was 
specially milled by our colleague Mr A. G. Simpson 
gave the results in Table 5. 


Sample; English w 


Table 5 

heat (dry milled, moisture content 
M-0%) 

Contri- Contri- 
bution biition 
of ribo- of ribo- 
Ribo- flavin to flavin 
Milling flavin Straight in whole 
fraction content Run flour wheat 
% gg-/g* % % 

23-4 0-9 18-8 IM 

7-2 Oo 3*5 2*1 

43*6 0-6 23*2 13*7 


1*9 6*2 


Break and scratch 
flours 

Semolina reduction 
flour 

Middlings (dunst re- 
duction flour 1) 
Middlings (dunst re- 
duction flour 2) 
Middlings (dunst re- 
duction offals, re- 
treated flour) 

Bran and scratch 
offals, retreated flour 
Straight Run flour 
(Calculated value) 
Bran 
Pollards 
Fine offals 

Whole wheat (deter.) 
Whole wheat (calc.) 


This wheat was milled in the laboratory by a 
special technique designed to give the maximum 
amount of white flom\ It differs from that which 
can be normally manufactured in commercial 
practice. 


FLUOROMETRIC ASSAA^ 


Two major difficulties have been encountered in this 
estimation when carried out by any of the previously 
published fluorimetric methods: (1) the presence of 


colloidal matter and/or fine suspended particles in 
the final riboflavin solution as prepared for visual or 
photoelectric assessment of its fluorescence; this 
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material cannot be removed by centrifuging ■ or 
normal filtration and its effect in absorbing and 
scattering the blue exciting light can easily be so 
great as to mask completely any fluorescence; 
(2) the initial low concentration of riboflavin in 
wheat and the majority of the products thereof 
which causes the fluorescence of final solutions 
derived from sxich materials' to be too small to be 
measurable with any degree of accuracy. 

The first of these difficulties was overcome by 
recourse to the procedure of Najjar [1941] in which 
the riboflavin is extracted by anon-aqueous medium ; 
by this means all suspended material is left in the 
aqueous layer. 

The second difficulty is of a more serious nature — 
adsorption of the riboflavin from a fairly large 
quantity of a wheat extract, followed by elution by 
means of a small volimie of liquid was considered to 
be most worthy of trial as also by this means various 
interfering fluorescent materials present in the ex- 
tract might be eliminated. 

Freshly precipitated lead sulphide (as recom- 
mended by Najjar for urines) was foimd to be un- 
satisfactory for wheat or flour extracts ; as also was 
English fuller’s earth, even of grades specially 
selected for adsorption purposes. Through the kind- 
ness of Dr B. S. Platt opportunity was afforded of 
trying out an American fuller’s earth of the ‘white’ 
variety (‘Superfiltroi’) and this has proved satis- 
factory. 

The method which follows has been elaborated 
around the ‘ Spekker ’ fluorimeter but may be 
adapted readily to other types of fluorimeters. 

EXPERIMENTAL 

20 g. of finely ground wheat, flom or diied bread (or 
quantities of milling offals containing approx. 20- 
50 ^g. of riboflavin) are taken in a 250ml. flask and are 
suspended with shaking in 100 ml. of 0*25 A" H2SO4. 
Two further flasks are made up in the same way but 
with the addition of 10 and 20 /^g, respectively of 
riboflavin, conveniently added as 1 and 2 ml. re- 
spectively of a 10 ^g./ml. standard solution. The 
flasks are plugged with cotton wool and are auto- 
claved for 15 min. at 15 lb. pressure. (In order to 
ensure complete hydrolysis of pre-cooked wheaten 
products such as bread, it is advisable to prolong 
autoclaving to 30 min. — see Part 1 .) 

After cooling, the digests are adjusted to approx. 
joH 5 by the dropwise addition of 30 % NaOH, using 
brom-cresol green as an external indicator. They are 
adjusted to a convenient volume (125 ml.) and are 
filtered through a no. 5 Whatman paper using 
suction. The filtrate should at this stage be crystal 
clear.' ■ 

Three 50 mi. conical centrifuge tubes are prepared, 
each containing 0*5 g. ( ± 5 mg.) of ‘Superfiltroi ’ and 
45 mi. aliquots of each digest are added to them. The 


fuller’s earth is then maiiitained in suspension for 
5 min, by brisk mechanical stirring, a fine glass rod 
bent at the tip being convenient for the purpose. 
After centrifuging, the supernatant liquor is care- 
fully poured off and discarded and approx. 20 ml. of 
distilled %vater is added to each tube. After agitation 
for 2 min. in order to wash thoroughly the earth the 
tubes are again centrifuged and the washing water 
decanted off. The tubes are then allowed to drain in 
an inverted position for a few minutes, after which 
ail traces of water adhering to the inside of the tube 
are wiped away as far as possible with a clean glass 
cloth. 

Elution of adsorbed riboflavin is carried out by 
the addition of 8 ml. of a reagent with the following 
composition: 9 vol. of water, 5 vol. of pyridine (re- 
distilled) and 2 vol. of glacial acetic acid. Mechanical 
stirring is again employed for 5 min., after which the 
tubes are centrifuged at slow speed for 5 min. 

The eluate from each tube is decanted as com- 
pletely as possible into suitable glass -stoppered 
flasks or cylinders, with a total capacity of not less 
than 33-34 ml; (25 ml. measuring cylinders are 
usually of this total capacity and are convenient for 
the purpose.) 

To each vessel is added 3 drops of 4% KMn04 
solution; it is mixed and allowed to stand for at 
least 1 min. to oxidize interfering substances. Two 
drops of 10 vol. H2O2 will then be found sufficient to 
decolorize the solutions. 

5 g. of anhydrous Na2S04 and 20 ml. of n-butyl 
alcohol are added to each vessel, the vessels are 
immersed in a water bath to raise the temperature of 
their contents to about 35-40°, and are then shaken 
vigorously for 2 min. After cooling, the whole of the 
supernatant layers, together with as little of the 
aqueous layers as possible, are decanted into centri- 
fuge tubes and are spun at slow speed for 5-10 min. 
It will then be foimd that sufficient of the butyl - 
alcohol pyridine layer, now perfectly clear, may be 
decanted to fill the fluorimeter cell. Measurement of 
fluorescence is made using blue activating light 
(Wratten no. 47 filter) and an orange filter (Chances) 
in front of the photocell. A convenient standard 
green fluorescing solution is a 1 ju,g./ml. solution of 
sodium fluorescein in weak alkali. 

Blank determinations on each sample are carried 
out after destruction of the riboflavin contained 
therein by exposure to the unscreened radiation of 
a mercury- vapour arc or to direct sunlight for 
1-2 hr. according to the method of Najjar. 

INTERPRETATION: OF' RESULTS 

Within a limited range of concentrations. Beers’ law 
is obeyed by solutions of riboflavin. As the drum of 
the ‘Spekker’ fluorimeter is calibrated logarithmi- 
cally, a linear ratio is obtained between drum reading 
and concentration over this range. 
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Ciider t'lK) conditions outlined above it is found 
that tliis linearity of ratio holds, and therefore a 
strai£?'lit line; may be drawn relating the fluorescences 
of the three flour extracts to their added riboflavin 
contents. The ‘ blanks ’ of these three extracts will be 
identical witliin the limits of experimental error, and 
this ‘ blank ’ figure is used on the extrapolation of the 
graph from which may be read the amount of ribo- 
flavin present in the total quantity of wheat, flour, 
bread, etc., which was taken in the first place. 

Ill Table 6 are given some results which have been 
obtained by the method. They include a number of 
samples which have been assayed by the micro- 
biological method and which appear in Tables 3 
and 4. 


Table 6 
Sample 


Riboflavin 

content 




1. Wheats, English (1 in Table 3) b7-2*3 

2. Wheat, mixed grist 2*4 

3. Germ (8 in Table 3) 14*5 

4. Bran (6*8 jug./g. by microbiological method) 7*4 

5. National Wheatmeal sample (a) 1*5 

6. National Wheatmeal sample (b) 2*0 

7. Control loaf (1 in Table 4) 2-6 

8. Control loaf + 2 /xg./g. added riboflavin) 4-4 


Duplicate estimations by the method on different 
days have given results differing on all occasions by 
less than ± 10 %. 

DISCUSSION 

The fluorometric method as outlined above is 
essentially a modification of that - of Najjar. No 
assumption is made that adsorption or elution of 
riboflavin is complete — the method depends upon 
keeping volumes and quantities of reagents, etc., 
constant as between fortified and unfortified ex- 
tracts, and the use of a standard solution of riboflavin 
eliminates calculations on such points, which would 
otherwise be necessary. This method was chosen as 
being simpler and more expeditious than adopting 
the directly quantitative system of multiple adsorp- 
tions and elutions, though the occasional adoption 
of such a procedure provides a useful check. 

It is found that whereas for one product of fairly 
constant composition (e.g. National Wheatmeal 
flour) the gradient of the fluorescence curve is 
reasonably constant (and consequently it may be 
found possible, with the sacrifice of a little accuracy, 
to make riboflavin additions to occasional samples 
only), this gradient varies markedly from one wheat 
or milling product to another, and needs to be 
separately determined on each sample. 

For this reason, and despite all efforts which have 
been made to simplify the fluorometric teclinique 
with a view to making it as expeditious as possible, 
it must be admitted that it is in our experience a 
very much more laborious and time-consuming 
method than the microbiological. 



The values foun.d by both iiietliods in the present 
investigation for the ribofla'viii content of different 
cereals show^ that there are .considerably greater 
amounts of this vitamin present in these products 
(about 10 times) than is indicated by the literature 
[Fixsen & Roscoe, Abstr, Rev. 1039-40]. 

Recently, Andi^ews, Boyd c% Terry [1942] have pub- 
lished figures for t he riboflavin content of wh eat and 
wheaten products, as well as other cereals., obtained 
by the Snell & vStrong microbiological method. IVith 
the exception of patent flour, the values they 
obtained are all much lower (approx, half) than those 
now reported. One explanation for these low figures 
is that their extracts vrere too concentrated (5-10 g. 
made up to 100 ml.). In our experience there is 
always a falling off in estimated riboflavin if the 
extract be too concentrated. There is also the fiu’ther 
possibility that the pH of the extracts was not 
correctly adjusted. If the pH of the extracts be 
lower than 6*6 the riboflavin values will be foiuid to 
be too low. Kernmerer [1942] has reported the 
results of 18 collaborators in a comparison between 
the fluorometric and microbiological metliod for the 
assay of riboflavin in alfalfa meal, wheat and flour. 
Good agreement was obtained between the various 
collaborators for alfalfa meal by either method, but 
extremely wide variations were obtained for wheat 
and flour, whichever method was used. For example, 
the values for wheat by the fluorometric method 
varied between 0*53 and 2-6 /xg./g. and with the 
microbiological method the variations were 0*78- 
2-7 pg./g., while for flour both fluorometric and 
microbiological methods gave a range of 0*15-* 
1*5 pg./g. Such extremely wide variations in results 
between different workers are difficult to under- 
stand. In our experience with the microbiological 
method fluctuations of the order reported by 
Kernmerer were never encountered. 

That the values reported here are reliable is 
shown firstly by the fact that the determined and 
calciilated values obtained from the different milling 
samples (see Table 5 above) agree within experi- 
mental error. Secondly, the values obtained for the 
same samples of cow’s milk obtained by one of us 
(E. C. B.-W.) working with the mierobiologiGal 
method and by Dr S . K . Kon of the National Institute 
for Research in Dairying working independently at 
Reading with the fluorometric method, agree within 
experimental error (see Table 7). 

Table 7 


Sample Riboflavin content (/xg./g.) 



Microbiological 

Fluorometric 

Cow’s milk 

method 

method 

1 

1*6 

. d-5 , / 

■ 2 

1*4 ' 

1*32 

3 

■' ■ 1*5 ■ 

h4 


30 


E. a 


BARTON- WRIGHT AND R. G. BOOTH 


SUMMARY 

The iiiicrobioiogicai method of Snell &• Strong and 
the fiiioroiiictric iiietliod of Najjar for the assay of 
riboflavin ha^x. been improved and modified with 
particular ref(u*ence to cereals and cereal products. 
Agreement between the results obtained by the two 
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methods is good, and figures are presented cov ©ring 
a wide range of such products. 

The microbiological method is preferred as it is 
more rapid than the fiuorometric, and requires less 
material and no specialized apparatus. 

We are greatly indebted to Miss Marjory Stephen- 
son for much helpful advice and criticism. 
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The Effect of Salts on the Formation of Protein Complexes 
during Heat Denaturation 

By a. KLEOZKOWSKI, Rotharmted Experimental Station, Harpenden, Herts 
(Received 22 September 1942) 


The separation of fioccuies from solutions of proteins 
denatured by heat is the final and most obvious 
stage in a process of aggi’egation. The factors con- 
trolling flocculation have been studied in detail by 
many workers, but little attention has been given to 
their effects on earlier stages of aggregation. If the 
heating is insufficient, or other conditions are un- 
suitable to caiLse flocculation, stable solutions of 
heat -changed proteins are obtained. When solutions 
containing more than one protein are heated in such 
conditions, aggregation may take place between 
particles of different proteins, when stable solutions 
of protein complexes are produced. Such complexes 
may have properties different from those of either 
the unheated mixture of proteins or the individual 
proteins heated separately. For example, such com- 
plexes are formed when serum albiunin and globulin 
are heated together; these have been detected by 
electrophoresis [Van der Scheer, Wyckoff & Clarke, 
1941], as well as by changes in the ease of sedimen- 
tation during centrifugation, and by changes in 
precipitability with salts [Kleczkowski, 1941a]. 

Antibodies and protein-antigens can combine to 
form complexes with other proteins simultaneously 
tuidergoing denaturation by heat. Van der Scheer 
emL [1941]and&ejci,de SpainSmith& Dietz [1941] 
showed that when antisera are heated, antibodies 
are found in products with changed electrophoretic 
mobility, and Kleczkowski [19415] and Bawden & 
Kleczkow-ski [1941, 1942] have described changes 


in the serological behaviour of both antibodies and 
protein-antigens after heating with unspecific serum 
proteins. These changes are most striking when ‘ 0 ’- 
type antigens, giving granular precipitation with 
antisera, or their antibodies, are heated in the 
presence of sertun albumin. The complexes formed 
by such antigens are no longer precipitated by anti- 
bodies, although they still combine with them to 
inhibit the precipitation of any iinheated antigens 
added subsequently. Similarly, the complexes 
formed by antibodies still combine with the antigens 
but are unable to precipitate them. 

In this paper the effects of salts on the formation 
of such complexes are described and compared with 
their effects on the separation of fioccuies. 

MATERIAL AND METHODS 

The proteins used for studying the changes in pre- 
cipitability produced by the formation of complexes 
were the ‘soluble euglobuiin’ and albumin fractions 
from rabbit serum. The proteins used as antigens 
were tomato bushy-stunt virus, and the soluble 
whole globulin and albumin fractions from human 
serum. These were all prepared by the methods 
previously described [Kleczkowski, 1941a, 5; 

Bawden & Kleczkowski, 1941]. 

The antisera used were against tomato bushy- 
stunt virus, against the wdiol© globulin of human 
serum and against human serum albumin. They 
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were produced from rabbits by intravenous in- 
jections. 

Dialysis was carried out in cellophane sacs for 
3 days against distilled water changed three times a 
day. To prevent any bacterial decomposition of 
serum proteins, a little thymol was put into the sacs. 

. The protein solutions were heated in thin-walled 
tubes immersed in a water -bath. 

The precipitability of heated protein solutions 
was measured by finding the concentration of MgS 04 
necessary to cause precipitation. When a precipitate 
was formed, it was allowed to settle by leaving the 
fluid undisturbed for 3 days. Then the supernatant 
was decanted, and the precipitate washed three 
times by resuspending in MgSO^ solutions of an 
appropriate concentration and centrifuging. The N 
content was determined by a micro -Kjeldahl 
method, and the results expressed in terms of pro- 
tein by multiplying by 6-25. 


RESULTS 

The effect of NaCl on the formation of com 2 :)lexes 
between soluble euglobulin a?id alhumdn fractions 
of rabbit serum 

Table 1 shows the results of heating the soluble 
euglobulin and albumin fractions from rabbit serum 
separately and together, both in tlie presence and 
absence of NaCl. All the solutions were heated for 
10 min. at 80° at pH 7*0. It will be seen that when 
heated in the presence of salt a product was formed 
in the protein mixture, whose precipitability with 
MgS 04 differed widely from either protein fraction 
heated separately. The amount of the product was 
larger than the total euglobulin in the mixture, so 
that albumin as well as globulin must have contri- 
buted to its formation. 


Table 1 . The effect of NaCl on interaction between globulin and albumin fractions 
of rabbit serum during heating 


The amount of precipitate formed with the 

The amount of proteins in 4 ml. of The amount of following concentrations of MgS 04 

heated solutions (mg.) precipitate (% saturation) (mg.) 


formed during 


Euglobulin 

Albumin beating (mg.) 

30 

50 

70 

80 

100 



Heating with 1 % NaCl 






0 

15 

0 

0 

0 

0 

0 

0 

5 

0 

4 




. 


5 ■ 

15 

0 

6 

6 

6 

8 




Heating in salt-free solutions 





0 

15 

0 

0 

0 

0 

0 

0 

5 

0 

0 

3*2 





5 

15 

0 

0 

4 




5 

0 

. 2 ! 

mixed after ^ 

heating 

3*2 






pH of the dialysed solutions was adjusted to 7*0 by adding 0*1 NaOH. The solutions were heated for 10 min. at 80°. 


Serological precipitin tests were made by adding 
1 mi. of antigen solutions to 1 ml. of antiserum 
solutions, so that the range of antigen/antihody 
ratios, indicated in the tables, was covered. The 
tubes were immediately placed in a water -bath at 
50° with the fluid columns half immersed, so that 
convection currents ensured complete mixing. The 
appearance of floccules was taken as a positive 
result. The ability of treated antigens to combine 
with antibody without causing precipitation was 
measured by their ability to inhibit precipitation. 
After 3 hr. incubation at 50°, appropriate amounts 
of unchanged antigen were added to the tubes in 
which there were no floccules. The absence of pre- 
cipitation after this addition of precipitable antigen 
was taken as evidence of inhibition by the treated 
antigen. Similarly, the ability of treated antibody 
to combine with antigen without causing precipi- 
tation was tested by adding untreated antiserum to 
the tubes in which there was no precipitation. 


When the salt-free mixtui’e of the proteins was 
heated, a product was also formed whose precipita- 
bility differed from that of either protein heated 
separately. This effect was not due to mixing the 
proteins, for when the two were heated separately 
and then mixed, theii’ precipitabilities were the same 
as when tested separately. Thus during heating 
together both in the presence and absence of salt, 
there is an interaction between the two proteins 
leading to formation of a product with new pro- 
perties. The amo\mt of the product, however, is 
much greater when the heating is carried out in the 
presence of salt, and its precipitability then also 
differs more widely from that of the euglobulin 
heated alone. These results suggest that in the 
presence of salt euglobulin combines with consider- 
able quantities of albumin, whereas in the absence of 
salt it combines with only small quantities to give a 
product whose properties differ only slightly from 
those of the euglobulin heated alone. 


The effect of salt,s' on the formafyion of serologically 
non. -precA pita ting complexes between human and 
rnhhil mrii»i albumins during heating 
1'!ip and albmnin fractions of rabbit 

serum differ so widely in their precipitability with 
MgSO, an<l both before and after heat- 
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obviously not be applied to proteins with similar 
logically precipitabilities, such as the albumin fractions from 
tan and different animal sera. The formation of com- 

ng plexes often influences the serological reactions of 

of rabbit protein-antigens, so that serological methods can be 
lility with applied for their detection in systems where pre- 
ifter heat- cipitation with salts is vmsuitable. In the tests 


Table 2. The effect of salts 


on the formation of non-precipitating complexes between human serum albumin 
and rabbit serum albumin 


Concentration 
of salt 
(normality) 
in heated 
solutions 


Appear- 
ance 
of the 
solutions 
after 

Precipitin test 
Human albumin 
mg. 


Concentration 
of salt 
(normality) 
in heated 

cf/\l t Tf*.! r\i'y c 

Appear- 
ance 
of the 
solutions 
after 

Precipitin test 
Human albumin 
mg. 

heating r~ 



iSUlU vlUllD 





ic ■ 

lO 

r- 1 

o 

CO 
O . 


6 

6 

6 

o 

O 

Unheated human albumin - 

' + 

+ 

4- 

4* 

B Salt-free 

clear 4- 

4" 

4- 

4- 

-f 

Al2(SO,)3 

R 0-00016 

clear 4- 

4- 

+ 

4- 

4- 

I 

R 0-0003 

ciear - 1 - 

4- 

i 

i 

0 

R 0-0006 

sl.op. i 

i 

i 

i 

i 

0 

R 0-0012 

st.op. 4- 

+ 

4- 

4- 

B 0-0025 

pptt. 





H 0-0006 

clear 

4- 

+ 

4- 

+ 

MgS 04 

R 0*0006 

clear + 

■f 

4- 

4- 

_ 

R 0*0012 

clear 4- 

4- 

i 

i 

0 

R 0*0025 

sLop. i 

i 

i 

i 

i 

R 0*005 

st.op. i 

i 

i 

i 

i 

RO-01 

st.op. + 

-h 

4- 

0 

0 

R 0*015 

pptt. 





H 0*0025 

opal. 4- 


4- 

+ 

+ 


+ + 

Heating at pK 7-0 


4* 

4- 

BaClg 



R 0*0006 
R 0*0012 
R 0*0025 

0 

0 

R 0*005 

0 

0 

R 0*01 

0 

0 

H 0*0025 

4- 

4- 

HagSO^ 



R 0*012 
R 0*05 
RO-2 

0 

0 

H0*2 

i 

0 

0 

0 

HaCl 

0 

0 

R 0*006 

4- 

_ 

R 0*012 

R 0*025 
R 0*05 
RO-2 
R0*3 
RO-6 

H0*2 

Heating at pH 3*2 


. -f 

4- 

4- 

i 

0 

0 

0 

, -i- 

■f 

i 

i 

i 

0 

0 

1. i 

i 

i 

i 

i 

i 

0 

). " 

4- 

-f- 

4- 

4- 

4 

4 

K 4^ 

4- 

•4 

4" 

4 

.4 



4- i 0 0 0 
i i 0 0 0 
i i 0 0 0 


0 0 0 0 

i 0 0 0 


4- 4- 4- 


R Salt-free clear + + + + -h + + Na^SO^ . . ^ . 

R 0-003 clea/* + + +■ i- t- 4- t 

BaOL R 0-006 . slop. -t + ]■} 9 ^ ® 

rO- 05 clear + + + + -f -!- -t BO-012 opal. i , , i i 0 0 

BO-2 opal. i i i i 0 0 0 B 0-025 pptt - - 

jfO.2 clear -f -t -t -t -t -f H 0-012 stop. + -r -f -!- -r -r 

Precimiin test 1 ml. of an antiserum to human albumin at a dilution 1/40 -was added to 1 ml. of antigen solutions at 
varions'oonoentrations. -t indicates precipitation and - no precipitation if test for inhibition was not made. Inhibition 
■was tested by addition of 0-1 ml. of 0-03 % solution of i]^eated human albumin to the mixtures where there Tias no 
precipitation, i indicates inhibition, 0 indicates no inhibition. 

The solutions were heated for 10 min, at 83°. , ^ „ . 

R, heated solution contained 0*05% of human and 0*5 /q of rabbit albumin. 

H, heated solution contained 0*05% of human albumin. ^ . 

shop, slight opalescence; opal, moderate opalescence; st.op. strong opalescence; pptt. precipitation. 


1 0 0 0 

i i 0 0 



ing, that complex formation between them can be 
readily detected by changes in the precipitability 
with these salts. This method, however, can 


described below the inability of complexes to pre- 
cipitate with the antisera, and also their ability to 
inhibit specifically the precipitation of unchanged 
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a/ntiseiis, have been used as a test for their formation , 
[ch Bawden & Kleczkowski, 1941]. 

The formation of complexes between albumin 
from liunian serum and albumin from rabbit serum 
was studied, using an antiserum to human albumin. 
Dialysed solutions of the two album ins were adjusted 
topid 7-0 and pH 3*2 by adding 0-lX NaOH or HCl 
respectively. They -were then heated separately and 
in mixtures containing ten times as much rabbit 
albumin as human albumin. They -were heated for 
10 min. at 83° salt-free and in the presence of various 
salts at different concentrations. After cooling, the 
solutions at pH 3*2 were adjusted to pH 7-0 by 
adding 0-1 A" XaOH. All the heated solutions were 
diluted in physiological saline and tested serologi- 
cally for their ability to give precipitation or in- 
hibition with human albumin antiserum. The results 
are given in Table 2. 

Human albumin heated separately at either pH 7*0 
or 3-2, salt-free, or in the presence of all the tested 
salts, precipitated with the antiserum to hmnan 
albumin. This specific precipitation was not 
affected if rabbit albmnin, either unheated or heated 
separately, was mixed with the heated human 
albumin.* The salt-free solutions of the mixtures of 
human and rabbit albumins, heated at either pH, 
also precipitated with the antiserum. Heating these 
mixtures in the presence of all the salts, on the other 
hand, produced non-precipitating complexes that 
inhibited the precipitation of human albumin added 
subsequently. 

For each salt four zones of concentration can be 
distinguished, in each of which the effect of heating 
the protein mixture is different. At low concen- 
trations no serologically demonstrable complex is 
formed and heated solutions are precipitated by the 
antiserum. In the next zone a serologically non- 
preciieitating complex is formed. Heating in the 
third zone gives material that is precipitated specifi- 
cally by the antiserum. This material fiocculates 
with antiserum more quickly than the unheated 
human albumin and forms larger floccules. In the 
zone of highest salt concentration a precipitate of 
denatured protein separates during heating. 

Hardy [1900] showed that the efficiency of salts in 
flocculating colloidal solutions (including proteins) 
is determined by the valency of the ion wdth the 
charge opposite to that of the colloidal particles. The 
efficiency is expressed as the reciprocal of the lowest 
concentration, in terms of normality, necessary to 
cause flocculation.. Ions of higher valency are much 
more efficient than those of lower valency. Chick & 
Martin [1912] found that Hardy’s law also applies to 
the efficiency of salts in flocculating protein solutions 
previously denatured by heat in the absence of salts . 
The results given in Table 2 show that this law also 
applies to the formation of complexes between two 
different proteins. At pH 7*0, i.e. on the alkaline 
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side of the isoelectric point of heai«*d proteins, when 
the protein particles are negatively cliarged, the 
efficiency of salts in causing the complex formation 
is determined by the vakaicy of the cations. The 
lowest concentration of Al2(S04)3 causing the com- 
plex formation was approx imately one -tenth of that 
of MgS04 or BaCig, and this was approximately one- 
tenth of that of Na2S04 or NaCi. At pH 3-2, i.e. on 
the acid side of the isoelectric point of the heated 
proteins, when the protein particles are positively 
charged, the efficiency of salts in causing the complex 
formation depends on the valency of the anions. The 
lowest concentration of Na2S04 causing the complex 
formation was approximately one-tenth of that of 
BaCL* 

The fact that the efficiency of salts in promoting 
the complex formation is determined by t he valency 
of the ion charged oppositely to the protein particles, 
strongly suggests that the action of salts is electro- 
static. They can be pictured as acting by discharging 
the protein particles, thus facilitating their com- 
bination with each other, as wdien they cause 
flocculation of colloidal suspensions. The formation 
of protein complexes, how’'ever, is not altogether 
comparable with flocculation. Flocculation is 
caused whether salts are present during the heating 
or are added to the protein solutions after heating. 
The formation of protein complexes, however, takes 
place to any appreciable extent only when the 
mixtures are heated in the presence of salt. If salt- 
free mixtures of human and rabbit serum-albumin 
fractions are heated and salt added after cooling, no 
material that inhibits serological precipitation can 
be detected, and the heated mixture precipitates 
with the antiserum to human albumin in exactly the 
same way as human albumin heated alone. 

The effect of salt on the formation of a serologically non^ 

precipitating complex between tomato bushy -stunt 

virus and rabbit serum albumin during heating 

Table 3 shows the influence of NaCl on the forma- 
tion of serologically non -precipitating eomxjlex 
between tomato bushy -stimt virus and rabbit-serum 
albumin. In salt-free solution no demonstrable 
amount of the complex was formed, and the heated 
virus-albumin mixture behaved serologically like a 
solution of the virus heated alone. Wlien heated in 
the presence of salt, a non-precipitating complex was 
formed, and the lowest concentration of NaCI 
causing the complex formation was approximately 
equal to the lowest ISFaCl concentration causing 
formation of the complex between human- and 
rabbit-serum albumins (ef. Table 2). 

With this system also, the addition of salt to the 
virus -albumin mixture previously heated salt -free 
did not cause the formation of any demonstrable 
quantities of a non-precipitating complex. 
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Tabie 3. TU effect of Na€l on the formation ff non.precipitatmg co^n^lexes between tomato 
bushy 'Stunt virus and rabbit serum album i n 


Appearance 
of the 
solutions 
after 
heating 

Unheated biishy-stunt virus 
Heated virus-albumin mixture : 


Concentration 
ofKaCl 
(normality) 
in heated 
solutions 


Precipitin test 
Dilutions of the antiserum 


0-012 

0-025 

0-05 

0-1 

Salt-free 

The virus heated alone: 
0-1 


clear 

shop. 

shop. 

opal. 

clear 


st.op. 


1/20 

+ 


+ 

0 

0 

i 


1/40 1/80 


1/160 

+ 


+ 

i 


1/320 

-i- 


1 

i 

+ 


1/640 


4. 


M. i «1. ot .v«y ^ligm p»p.r.««« ilta W wo >» P »'«• »“ “““* I-I'P*""-"- 

ft tSfy— ppa o.,% pf p.bPi. ™ 

The virus alone was used as 0-05% solution. 


The symbols as in Table 2. 

The effect of salt on the formation of a serologically non- 
precipitating complex between soluble hmnan serum 
globulin and rabbit serum albumin during heating 
Table 4 shows that when the water-soluble fraction 
of human-serum globulin was heated with rabbit- 
serum albumin, rather different results- were 
obtained. In the presence of salt the system re- 
sembled the other tw^o described above; a serolo- 


the change in behaviour of the salt-free mixture was 
a result of an interaction between the two proteins 

dining heating. ^ 

It has been shown above, by measuring changes in 
the precipitability with MgSO.^, that there was some 
combination between rabbit euglobulin and albumin 
when a mixture was heated salt-free, although mucli 
less than when heated in the presence of NaCL The 
results in Table 4 suggest that a complex was also 


Table 4. 


The effect of NaGl on the formation of non-precipitating complexes between solubU 

T. nnnit rffihh'it RP.T'llOin ulhumin 


Treatment of human globulin 
Unheated 

Heated with albumin in 1 % iSlaCl 
Heated with albumin salt-free 
Heated alone in 1 % HaCl 
Heated alone salt-free 


Appearance 
of the 
solutions 
after 
heating 

st.op. 
clear 
pptt. 
st.op. 


Precipitin test 
Human globulin 
mg. 


0-5 0-25 0-12 0-06 0-03 0-015 0-0075 


+ 

i 

0 

+ 


+ 

i 

0 


0 

0 


0 

0 


+ 

0 

0 


PrecipUim, test. 1 ml. of aa antiserum to human globulin at a dilution 1/10 was added to 1 ml. of antigen solutions at 

"'MitiorwafS^d by adding Od ml. of O- 080 /o solution of unheated soluble human globulin. 

In ah°heated^s'Xtions Concentration of human globulin was 0-05% and that of rabbit albumm 0-0%. 

The symbols as in Table 2. * * 


gically non-precipitating complex was formed which 
inhibited the precipitation of the unheated globulin 
added later. The mixture heated in the absence of 
salt, however, also failed to precipitate with the 
antiserum, although it did not give the phenomenon 
of inhibition. When the globulin was heated alone, 
it still precipitated specifically with the antiserum 
whether rabbit albumin was later added or not. Thus 


formed between Human globulin and rabbit albumin 
when heated salt-free. It appears that the complex 
was formed in an amount sufficient to destroy sero- 
logical precipitability but not sufficient to produciv 
the inhibition phenomenon, which was well pm- 
nounced when NaCl was present during heating 
and the complex formation occurred to a greater 
extent. 


FORMATION OF PROTEIN COMPLEXES 


Tim ejfect of salt on ths formation of non -jyrecipitating 
complexes between antibodies and unspecific serum 
proteins dniring heating 

Antibodies can undergo initial stages of heat de- 
naturatioii without losing their ability to combine 
with their antigens, and, like protein-antigens, when 
heated in tlie pi-esence of other proteins imdergoing 
denaturation simultaneously, they can combine 
with them to form complexes [Kleczkowski, 19415]. 
If combined with sufficient albumin, they do not 
precipitate then? antigens, but, as they still combine 
with them., they interfere with the action of pre- 
cipitating antibodies. The degree of this interference 
depends on the nature of antigen, being large wdth 
' O ’ "type antigens and small with ' H ’ “t 3 rpe antigens. 
Heating whole antisera can lead to the formation of 
such complexes produced by heat-changed antibody 
particles combining with serologically unspecific 
proteins present in the sera. 

To test the effect of salt on the formation of such 
antibody complexes, dialysed antisera to hmnan- 
serum albumin and to tomato bushy-stunt virus 
were used. The precipitate of insoluble globulin 
formed during dialysis was filtered off and the filtrate 
was used as test solution. This involved loss of anti- 
bodies, but sufficient remained in solution for the 
test. The results of heating the dialysed antisera with 
and without addition of NaCl are given in Table 5. 


DISCtTSSION 

All the antigens used in this work belong to the group 
of proteins which, when heated in the presence of 
salt with serologically unspecific serum albmiiin, 
combine with it to form serologically non-precipi- 
tating complexes. In spite of their uniform behaviour 
in the presence of salt, when heated salt-free they 
behave diff’erentiy. Bushy-stunt virus, and huinan- 
sermn albmnin, heated with rabbit -sermii albumin 
in salt -free solutions did not form any demonstrable 
amounts of non-precipitating complexes ; they still 
precipitated with their antisera exactly as if they 
had been heated alone . On the other hand, the water- 
soluble fraction of human-sermn globulin heated 
salt -free in the presence of rabbit -serum albumin 
formed a non-precipitating complex, although to a 
smaller extent than in the presence of salt. This 
complex did not precipitate with the antiserum, but 
it differed from that formed in the presence of salt as 
it did not show the presence of inhibition. It is 
difficult to account for these differences satis- 
factorily, although various tentative explanations 
can be offered. Susceptibility to the presence of 
traces of salts, which might have remained after 
dialysis, may vary with, different proteins, so that 
complex formation could proceed in globulin- 
albumin mixtures but not in the two other protein 
systems. The differences may be apparent rather 


Table 5. The effect of NaCl on the foT7nalio7i of non-precipitating co77vplexes 
between antibodies and unspecific serum proteins 


The antiserum to human albumin 
Human albumin (mg.) 


The antiserum to bushy-stunt virus 
Dilutions of the antiserum 


Treatment of the antisera 0*25 0-12 0-06 0*03 0-015 0*0075 1/10 1/20 1/40 1/80 1/160 1/320 

Unheated -l- + y + + + _ 

Heated in 1 % NaCl 0 0 i i i i i i i i 0 0 

Heated salt-free y. 4 - -i- + i i i O 0 0 


Dialysed antisera were heated for 10 min. at 80^ at i^H 7*0 at a dilution 1/10 in distilled water with and without addition 
of 1 % NaCl. 

Precipitin test. The antiserum to human albumin was tested by mixing 1 ml. of the antiserum diluted 1/10 with 1 ml. 
of solutions of human albumin at various concentrations. The inhibition was tested by adding 0*1 ml. of undiluted dialysed 

antiserum. , , ^ r. - 

The antiserum to bushy-stunt virus was tested by mixing 1 ml. of 0*005% solution of the vmis with 1 ml. oi various 
dilutions of the antiserum. The inhibition was tested by adding 0*1 ml. of the dialysed antiserum diluted 1/2. 

The symbols as in Table 2. 


Both antisera behaved similarly when heated in 
the presence of salt, forming non-precipitating and 
inhibiting complexes. They showed, however, differ- 
ences after heating salt-free. The antiserum to 
human album in still precipitated its antigen, whereas 
the antiserum to bushy-stunt virus did not pre- 
cipitate and instead gave inhibition, although the 
‘ inhibition titre ’ was slightly lower than that given 
by the same antiserum after heating in the presence 
of salt. 


than real, for only the precipitin test was used to 
detect the formation of the complexes. Therefore, if 
the different antigens vary in their sensitivity to the 
presence of the complexes, they may have been 
formed equally in all three systems in the absence of 
salts, but only with globulin may it have been suffi- 
cient to prevent precipitation. It is, however, equally 
possible that the globulin differs from albumin and 
the virus when heated in the absence of salt, and 
that the first can combine with rabbit -serum 


.8 . . 






albumin in these conditions whereas the others 

cannot. ^ . ■ 

Whet tier or not the presence of salt is necessary to 

start the coxiibiiia.tion of two proteins, it certainly 
.rreatlv increases it. As in causing flocculation, the 
etlicienoy of different salts in influencing complex 
formation depends on the valency of the ion with 
the cliarge opposite to that of the protein particles. 
The two processes, however, are not identical. li 
the protein is denatured by heating in the absence 
of salts, the subsequent addition of salt causes floccu- 
lation. ' By contrast, salts influence complex forma- 
tion only if they are xuesent in protein mixtures 
durim*- lieatiiig, for the addition of salt to a protein 
mixture heated salt-free does not lead to formation 
of any measiuable amount of serologically non- 
r)reeipitating complexes. This difference could be 
explained by assuming that individual protems 
differ in their rates of aggregation, and that these 
i‘atcs are much greater than rates of denaturation. 
Then, if salt is present during heating, jiarticles of 
different proteins would be able to combine with one 
another as soon as they are denatured, but if salt is 
added to a mixture of proteins already denatured by 
heating in salt-free solution, each protein would tend 
to aggregate separately. 

The results with antibodies almost exactly parallel 
those with antigens. The two antisera used were to 
bushy-stunt virus and to human-serum albumin. 
When heated in the presence of salt, these behave 
similarly, the antibodies forming non-precipitating 
complexes which inhibit precipitation. In the 
absence of salts the two antisera behaved differently. 
The virus antiserum again ceased to precipitate and 
instead inhibited precipitation, though less strongly 
than when heated with salt, whereas the antiserum to 
human albumin still precipitated. This difference at 


A. KLECZKOWSKI 

1 suggests differences in the heat stabilities 

A.Ml«a»er.«ebetw,»the 

ecessarv to behaviour of antisera to ‘ O ’ and H -type an 

t certainly is well known and was for long 

tlation the evidence that these antigens produced antibodies 
i<r complex with different properties. It has now been shown, 
xe ion with however, that antibodies to antigens 
n particles, undergo similar changes when heated, and t^t * 

eiflical. If difference in then behaviomoccmsbe^^eth^ 

he absence cipitability of the antigens is affected d'ffy ently by 
uses flocou- the presence of antibo^es change Bawden 

Ilex formk- cipitating complexes [Kleozkowski 1941 & .Bawden 
^mixtures & Kleczkowsld, 1941, 1942]. Sto arly, the dxffer- 
o Tprotein ence between the behaviour of dialysed antisera to 
.formation human albumin and to bushy-stunt virus re- 
ically non- spectively, may be because the two antigei^ are 
e could be affected differently by the presence of non-pre- 
al proteins cipitating antibody complexes, which are probably 
thrt these formed to a small extent when both antisera aie 
natnration. heated in the absence of salts. 


SUMMARY 

The formation of complexes between different pro- 
teins, undergoing heat denaturation together, is 
greatly influenced by the presence of salts. In the 
absence of salts only mixtures containing water- 
soluble serum globulin formed any . detectable 
amount of complexes. 

The efficiency of different salts in promoting the 
complex formation, expressed as the reciprocal of the 
lowest effective concentration, follows Hardy’s law. 
Ions of higher valency are much more effective than 
those of lower valency. On the alkaline side of the 
isoelectric point of the protems, the efficiency of 
salts is determined by the valency of the cations, and 
on the acid side by the valency of anions. 
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The Influence of Halide Concentration on the Metabolism of 
Penicillium sclerotiorum van Beyma 

By D. REILLY anp T. P. CURTIN, The National University of Ireland (University College, Cork) 

(Beceived 24 September 1942) 

In a previous communication [Curtin & Reilly, Reference was also made to a second product, a red 

19401 the isolation and properties of sclerotiorine, pigment retained by the mother-liquors o cry. - 
.f SirL-containing mLbolic product of Pern- lization. Work on the -f “ « 

cillium sclerotiorum van Beyma, were described, was somewhat hampered by the small yield, - /o ot 
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tile clry rnycelimn weight. The possibilities of in- 
creasing this figure by alteration of the chloride 
concentration and by activation with yeast extract 
[Abraham, Chain, Fletcher, Florey, Gardner, 
Heatley & Jennings, 1941] have now been investi- 
gated, the basal medimn being that of Czapek-Dox. 
Simultaneously, the organism has been grown on 
media devoid of chlorides, viz. Raulin-Thom and 
Raiiliii-Dierckx media together with a Czapek-Dox 
medium compounded without KCl, in the hope of 


Table 1 


Days of incubation 

Polarimeter reading 

0 

5*7° D 

3 

2*6° D 

6 

0*3° L 

9 

1*0° L 

12 

0*6° L 

15 

0*0 

18 

0*0 

21 

0*0 

24 

0*0 


obtaining the red component in a more workable 
form. The mycelium pigmented in all cases, and the 
dark red product of light petroleum extraction was 
submitted to diverse processes to free it from the fats 
and other pro ducts of the extraction . Sublimation in 
a high vacuum, separation by adsorption on AI2O3 
and Ca(OH)2, and crystallizations at the interface 
of two immiscible liquids gave no substance that 
could be isolated other than as a glaze on glass. 

Inoculations of the mould on Czapek-Dox media, 
containing bromides or iodides in amounts equi- 
valent to the usual KCl concentration, gave no 
crystalline bromo- or iodo -derivatives. This finds a 
parallel in the work of Raistriek & Smith [1936]. 
However, a23preciable darkening in the colour of the 
mycelium and its extract was noted with each change 
of halide. 

Cultural conditions . The culture used throughout 
was the 6th transfer from that obtained in March 
1940 from the Centraalbureau voor Schimmel- 
cultm’es, Holland. Sucrose was used as the source of 
carbon, trial cultures proving that this sugar was 
satisfactory. 

The substrate employed was the acid Czapek-Dox 
medium (sucrose, 50 g. ; NaNOa, 2 g. ; KH2PO4, 1 g. ; 
KCl, modified; MgS04, 7H2O, 0-5 g.; FeS04, 7H2O, 
0*01 g.; distilled water to 1000 ml.). Four batches, 
each of 5 L, containing 0-25, 0-5, 0-75 and 1-0 g. 
KCl/L, respectively as the sole source of chlorine 
were prepared. The media were distributed in 
100 ml. lots in 20 oz. flat bottles, the cotton-wool 
plugs being paper-capped to prevent dilution of the 
medium during sterilization by steaming on each of 
three consecutive days. The bottles were inoculated 
with a spore suspension from a 14-day-old culture of 
P. sclerotiorum on malt agar, and incubated at 25°, 
Three bottles were filtered at the pump every 3 days, 
and the filtrate tested for pH, sugar concentration 
by polarimeter and for residual KCL 

In all inoculations described, the pH value 
reached a minimum on the 9th day and reverted to 
approximate neutrality on the 24th day, in agree- 
ment with the figures already published [Curtin & 
Reilly, 1940]. The production of sclerotiorine was 
thus uninfluenced by the acidity of the medium. The 
polarimeter readings were of particular interest. Due 
to their similarity, one series will suffice as an 
illustration (see Table 1). 


The connexion between the miniinum pH value 
on the 9th daj’' and the maxinium laevo reading is 
obvious. The main interest centres round the fact 
that more than four -fifths of the sucrose was meta- 
bolized in so short a period as 9 days. 

Estimation of residual chloride. Direct titration 
was not possible as the medium reduces both KMn04 
and AgKOg. Oxidation by refluxing with cone. 
HNO3 was unsatisfactory. A modified form of the 
method described by Raistriek & Smith [1936] was 
finally employed : 

50 ml. of the filtered medium were shaken for 
10 min. with 2*5 g. of norit charcoal and filtered at 
the pmnp without washing. 25 ml. of this filtrate 
were taken and excess AgNOg added, together with 
5 ml. of 5N HNO3, which had been boiled free from 
HNOg. The precipitated AgCl was coagulated by 
boiling, filtered off and washed with a little dilute 
HNO3. On cooling below 25°, the new filtrate was 
titrated against N jlOO KH4CNS, using 1 ml. of* 
standard Volhard indicator. 

In actual practice, the medium extracts chlorides 
from the norit, the KCl equivalent, as determined by 
a series of blanks, being 0*00095 g./25 ml. of the 
medium. The residual percentage KCl, at intervals, 
over a period of 24 days is shown in Table 2. 

Table 2 


Initial cliloride content of media 


0*25 g. 0*5 g. 0*75 g. 1-0 g. 

KCl/l KGl/L KCl/i. KCl/1. 

Residual chloride content 


Days of 
incubation 


0 

3 

6 

9 

12 

15 

18 

21 

24 

Metabolized KCl 


0/ 0/ 

/o /o 

0*0250 0*0497 

0*0172 0*0369 

0*0071 0*0274 

0*0050 0*0258 

0*0070 (?) 0*0250 
0*0033 0*0250 

0*0027 0*0235 

0*0015 0*0233 

0*0009 0*0230 

0*0241% 0*0267% 


0/ oy 

/o /o 

0*0747 0*0994 

0*0527 0*0762 

0*0509 0*0735 

0*0499 0*0729 

0*0473 0*0705 

0*0470 0*0678 

0*0437 0*0661 

0*0457 (?) 0*0640 
0*0475 (?) 0*0640 

0*0310% 0*0354% 


Plotting the residual KCl against time gives four 
curves of identical shape, which show that the 
utilization of KCl becomes regular after 9 days. 
Before this, the halide is rapidly taken up. We have 
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aJ„:ready stressed tlie rapidity with which the sugar is 
utilized during this same period. 

The filtered myceliiiiii from 25 bottles ( 2 * 5 1.) of 
eacli of the foiir media \¥as pressed, vacuum-dried, 
and extracted with light petroleum. mean value 
of 12*9 g. dry mycelium/l. was taken as the basis of 
calculation . The extracted sclerotiorine was 'weighed 
on recrystaliization, the yields of pigment being 
practically constant, allowing for the necessarily in- 
complete separation from the solvent (see Table 3, 
coL 2 ). 

Completion of the chlorine balance sheet was 
effected by the estimation, as KCl, of the chloride 
content of the extracted mycelium. The method 
[Schilf, 1879; 1 906] was as follows : 

Mycelium (2-3 g.) was weighed into a small 
platinum crucible and covered with an intimate 
mixture of I part pure Na^COs and 4 parts pure CaO 
and inverted into a larger crucible which was then 
completely filled with, the same mixture. The whole 
was then heated with a blow-pipe so that the outer 
parts attained a liigh temperature before the 
mycelium began to decompose. After heating to red- 
ness and cooling, the mixture was treated with dis- 
tilled water, the solution being acidified with pui*e 
HNO 3 , an appreciable rise in temperature being 
avoided. The solution was then adjusted to known 
volume and the chlorides estimated by the Volhard 
method already described. 

The metabolized KCl and the KCl equivalents of 
sclerotiorine and the mycelia are given in Table 3. 
The 5th column, KCl unaccounted for, shows the 
quantities of KCl retained by the mother -liquors of 
crystallization, its presence having been duly 


verified. 


Table 3 




Yield of 

KCl meta- 



KCl/I. 

sclero- 

bolized as 

KCl 

KCl un- 

of 

tioriue 

pigment 

as 

accounted 

medium 

g-A- 

g./lOO ml. 

mycelium 

for 

g- 

medium 

medium 

0 / 

/o 

0 / 

/o 

0*25 

0*190 

0*0038 

0*0127 

0*0076 

0*50 

0*213 

0*0042 

0*0118 

0*0107 

0*75 

0*189 

0*0038 

0*0128 

0*0144 

1*00 

0*220 

0*0044 

0*0136 

0*0174 


The results so far may be summarized as follows : 
Yields of pigment and the chlorine content of the 
mycelium are, within the limits of experimental 
error, practically constant, while the chlorine con- 
tent of the mother-liquors are in direct proportion 
to the KCl concentration of the medium. 

Ejfect of pH and addition of yeast extract. A 
further series of inoculations to test the influence of 
and yeast extract on the rate of KCl metabolism 
was now completed, pH, polarimeter and Volhard 
titrations being performed as already described. For 
the influence of pH, 5 1. of neutral Czapek-Dox 
medium were made up by K 2 HPO 4 instead of 
KH 2 PO 4 as in the acid medium (pH 4-2). 


Yeast extract was, prepared by macerat,in.g 500 g. 
pressed yeast with 1 % soda solution, re -pressing on 
the Buchner funnel and washing with distilled water. 
The yeast, suspended in 11. of distilled water, was 
boiled for 1 hr. and allowed to stand overnight, when 
it was centrifuged and the volume of the clarified 
extract adjusted to 1000 ml. The extract was then 
sterilized by steaming on three consecutive days. 
Two batches of 5 1. standard Czapek-Dox medium 
were then made up, incorporating 5 and 10% by 
volume respectively, of the yeast-water sown and 
incubated as above. Ail three media showed the 
same rapid elimination of sugar, but the pH of the 
neutral medium, on reaching its minimum value, 
displayed only a slight tendency to revert to neutra- 
lity. In estimating the KCl content of the yeast- 
extract media, it was found necessary to add an 
additional blank of 0*00044 g. for each 5 % of yeast 
water. The corrected KCl percentages are shown in 

Table 4. rn-.i L 

Table 4 

Media 

- - - , 

r ' 

Neutral Neutral 

Czapek-Dox Czapek-Dox 
plus 5% plus 10% 

Days of Neutral yeast yeast 

incubation Czapek-Dox extract extract 

% residual KCl content of 
media (corrected) 


0 

0*0497 

0*0500 

0*0496 

3 

0*0375 

0*0434 

0*0482 

6 

0*0354 

0*0422 

0*0452 

9 

0*0339 

0*0405 

0*0434 

12 

0*0315 

0*0400 

0*0425 

15 

0*0309 

0*0350 

0*0375 

18 

0*0309 

0*0200 

0*0202 

21 

0*0295 

0*0154 

0*0200 

24 

0*0250 

0*0140 

0*0173 

Metabolized KCl 

0*0247% 

0*0360% 

0*0323 %o 


The disappearance of KCl in the neutral medium 
is slower though more regular than in the acid 
medium. The yeast water decelerates the initial KCi 
metabolism up to the 12 th day, after which the 
halide content drops rapidly until the 15th day. It 
seems reasonable therefore to assume that the 
activating effect of yeast extract is first directed 
towards the sugar metabolism to the detriment of 
the chloride, but that when the sugar has been 
eliminated, the activation is completely centred 
round the utilization of the KCl present. 

The decreased rate of KCl metabolism during the 
early stages of growth definitely reduces the yield of 
pigment. In all three of the above inoculations, the 
amounts of recrystallized sclerotiorine obtained 
were only slightly in excess of 1 % of the dry 
mycelium weight. 

SUMMARY.-,; 

Growth o£ P . sclerotiorum on media containing KBr 
and KI in place of the usual KCl did not yield halide 
derivatives analogous to sclerotiorine, the ordinary 
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clilorinated metabolic product,' while growth on of the mycelium. It is suggested tiiat tlie pigment is 
media devoid of chloride in no way assisted the a metabolic by-product rather than the fandaiiieiital 
isolation ofthe red component. Variation of the KCl end-|)roduct of the chloride metabolism. The acti- 
concentration showed that its elimination from the vating effects of yeast extract was no more than 
inediimi was quite regular after the initial period equivalent to the eff'ect of increased KOI conceii- 
when the sugar metabolism was exceptionally rapid, tration. 

Increased chloride concentration had no effect on 

the production of sclerotiorine and only affected the The authors desire to thank Prof. J. B,eilly for Ids 
chlorine content ofthe other products of extraction continued interest during the progress of this work. 
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The Determination of 2 :3 -Diketo - / - gulonic Acid 

By j, R. PENNEY and S. S. ZILVA (Member of the Scientific Staff, Medical Research Council), 
The Division of Nutrition, Lister Institute, London 

(Received 25 September 1942) 


The first stage of the oxidation of ^ascorbic acid is of 
particular interest to the biochemist. The product, 
dehydro -Z-ascorbie acid, retains its lactone ring and 
can be reduced to Z-ascorbic acid by mild reagents 
such as H 2 S, etc., in vitro, and can also be regenerated 
in vivo almost quantitatively . In aqueous solutions, 
dehydro -Z-ascorbic acid undergoes mutarotation 
which is generally assumed to be due to the gradual 
opening of its lactone ring with the formation of 
2:3-diketo-Z“gulonic acid. This latter compound can 
still be converted into Z-ascorbic acid by lactoniza- 
tion and reduction when treated with HI in vitro 
[Herbert, Hirst, Percival, Reynolds & Smith, 1933]. 
Regeneration apparently does not occur in vivo, 
since little if any antiscorbutic activity has been 
observed in solutions of dehydro -Z-ascorbic acid 
which have undergone mutarotation for some time 
[Hirst & Zilva, 1933; Borsook, Davenport, Jeffreys 
& Warner, 1937]. 
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Hoin 

in^oH 
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Hoin 
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COOH 

C =:;=0 

C==0 

nioH 

Hoin 

ifiaOH 

2:3-Diketo-Z^ 
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Whilst dehydroascorbic acid can easily be deter- 
mined by titration of the regenerated ascorbic acid 
after reduction with HgS, no direct method is avail- 
able for the determination of diketogulonic acid. In 
this communication conditions are described under 
which this compound, which so far has not been 
isolated, can be determined directly. 

Herbert et al. [1933] have shown that both 
ascorbic acid and freshly oxidized ascorbic acid give ' 
derivatives with 2:4-dimtrophenylhydrazine of m.p. 
282° (decomp.) and 280° (decomp.) respectively. We 
hav-e found that diketogulonic acid obtained by 
mutarotation from dehydi‘oascorbic acid also gives 
with 2:4-dinitrophenylhydrazine a red derivative or 
derivatives which on solution in NaOH produce an 
intensely red colour. This colour reaction forms 
the foundation on which the procedure for the 
direct determination of the diketogulonic acid is 
based. 

2:4-Dimtrophenylhydrazine reacts also with 
phenylpyruvic acid [Penrose &> Quastel, 1937] and 
with other, a -keto acids [Lu, 1939; Sealock & Silber- 
stein, 1940; Sealock &; Scherp, 1941], and conse- 
quently the reaction cannot be considered specific. 
In actual practice, however, it has been found that 
extracts of the tissues of normal guinea-pigs, and 
untreated hmnan urine give a very low and fairly 
constant colour with dinitrophenylhydrazine ; thus it 
should be possible to detect the appearance of even 
small quantities of diketogulonic acid by this 
reaction. Furthermore, the results suggest that the 
procedure outlined by us is open to further improve- 
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meiits as regards specificity and sensitivity siiouid 

the necessity arise. 

GJ5NEKAL TECHNIQUE 

Reagents, (1) 2 g. 2:4-dimtrophenylhydb;-azine 

(laboratory reagent) were dissolved with warming in 
i. 1. 2N HGl O^nalaR). The stock solution was 
filtered before use. 

(2) A NaOH (AnalaR). 

(3) ^-Ascorbic acid, 99-100% purity. Messrs 
Roche Products, Ltd. 

(4) Dehydro -Lascorbio acid was obtained by 
oxidizing bascorbic acid with the theoretical amount 
of O-IA^ I 2 (AiialaR). Yield as determined by re> 
duction withH^gS, 95-100 %. The solutions were used 
immediately after prepai-ation. 

(5) 2:3-Diketo-Lgulonic acid was prepared by 
allowing a solution of dehydro -Lascorbic acid to 
mutarotate for 18 days at room temperature without 
neutralizing the HI formed in the preparation of the 
dehydroascorbic acid [cf. Herbert et al. 1933]. After 
this time the ascorbic acid regenerated from the 
soiiition by reduction with H 2 S reached a value 
varying from 10 to 1 5 % of its original concentration, 
and this remained approximately constant for at 
least 10 days. The intensity of the colour given by 
the solutions with 2:4-dinitrophenyihydrazine in- 
creased diming mutarotation and also became con- 
stant after about 18 days. Diketogulonic acid more 
than 10 days old was never used in this investigation. 

Factors mfluencing the reaction. The intensity of 
the colour produced could be increased by raising 
the quantity of dinitrophenylhydrazine used in the 
reaction. The amomit of the reagent that could be 
employed was, however, limited bj^ the foot that 
when certain quantities of the hydrazine were ex- 
ceeded the addition of the alkali made the reacting 
solutions turbid. For the range of concentrations of 
diketogulonic acid used by us the addition of 1 ml. 
of the hydrazine solution produced a colour of suit- 
able intensity without influencing the transparency 
of the solution. The use of 2:4-dinitrophenylhydra- 
zine (laboratory reagent) recrystallized from ethyl 
acetate did not influence the colour reaction in any 
way. The time and temperature of heating of a 
mixture of diketogulonic, dehydroascorbic, and 
ascorbic acids with dinitrophenylhydrazine greatly 
affected the intensity of the colour; this will be dis- 
cussed in detail later. 

As would be expected the quantity of N aOH which 
it was necessary to add depended on the quantity of 
acid present in the reacting solution, but nnder the 
above conditions 4 ml. of N NaOH amply satisfied 
the requirement, and an increase to 6 ml. was without 
influence on the colour production. 

After the addition of the A NaOH a brown colour 
developed immediately, which rapidly turned to 
orange in dilute and red in more concentrated 


solutions. As the final colour' is unstable it was 
necessary to measure its intensity at a given time 
soon after production. 

Measurement of colour. The measiuement was 
carried out in a Duboscq type of colorimeter. Owing 
to the instability of the colour it was, however, more 
convenient to have recom'se to a photometric 
technique [King & Haslewood, 1937] instead of 
matching the colour directly. For this purpose a 
spectrum green colour filter (Ilford no. 604) was 
introduced into the eyepiece of the instrument and 
the standard was replaced by neutral density filters 
against which the absorption was measured. Al- 
though a range of these filters was employed all results 
were calculated for the 0-5 neutral density filter. 

Effect of time and temperature on colour production. 
As already mentioned the time and temperature of 
heating diketogulonic, dehydroascorbic or ascorbic 
acids with dinitrophenylhydrazine greatly influenced 
the intensity of the colour production. This is pro- 
bably due ill part to the changes the last two 
compounds undergo to yield dinitrophenylhydra- 
ziiie derivatives similar to, if not identical with, 
the derivative yielded by diketogulonic acid. The 
reaction was therefore studied after various periods 
of heating at 25°, 50° and 75°. To each of a series of 
tubes containing 9 mi. solution of the individual 
acids previously brought rapidly to about 2° above 
the desired temperature, 1 ml. of dinitrophenyi- 
hydrazine reagent was added and the tubes placed 
in the respective thermostats. Those mixtures which 
were submitted to high temperatures were lightly 
corked to avoid evaporation. The solutions were then 
shaken for a short time in order to adjust their tem- 
perature to that of the thermostat. At various 
intervals one of each of the series was withdrawn, 
cooled rapidly if necessary, treated with the alkali, 
diluted to 25 ml., and the colour measured as 
described above. 

The results are given in Figs. 1, 2 and 3. On caic- 
ful examination of these data it appeared to us that 
the colour produced after 1 hr. at 25° was the most 
suitable for the quantitative assessment of diketo- 
gulonic acid in the presence of the other two acids, 
for the following reasons. It will be seGui from Fig. 1 
that the intensity of the colour given by dehydro- 
ascorbic acid under these circumstances is only about 
8 % of that given by its equivalent of diketogulonic 
acid and that this percentage increased wdth time. 
At 50° and 75° (Figs. 2 and 3) on the other hand the 
reaction of dehydroascorbic acid is increased in i hr. 
to as much as 44 % and 81 % respectively of that of 
its equivalent of diketogulonic acid. Furthermore 
at 25° ascorbic acid even in quantities as high as 
2 mg. does not react at all. In addition it might be 
mentioned that as the reaction proceeded there was 
a tendency for the formation of a reddish precipitate, 
especially at the higher temperatures, which was 
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0 iOO 200 300 

Time (mm.) 

Fig. 1. Colour production at 25°. O — 0 cliketogiilonic acid, x — x dehydro- 
ascorbic acid. In this and the following graphs, diketogulonic and dehydro- 
ascorbic acids are expressed as equivalent quantities in mg. of ascorbic acid 
from which they were prepared. 


’ig. 2. Colour production at 50°. 


soluble in N NaOH. At 25° the amount of this pre- 
cipitate was very small. It is also of significance th^t 
in all these experiments the colour produced at any 
time when expressed as a i^ercentage of the maxi- 


mum. colour obtained at 75° after 
300 min., was the same in the two 
concentrations both for dehydro - 
ascorbic acid and diketogulonic 
acid. This w^as also found to be 
true for ascorbic acid wdieri it was 
possible to obtai,n significant figures 
0*3 nig. namely, at 75°. 

Calibration curve. Calibration 
curves for diketogulonic acid and 
debydroascorbic acid covering a 
0*2 range of 0*05-~0*5 mg. in the case of 

the former and 0-35-0*5mg. in tba,t 
of the latter, were constructed, from 
the figures obtained by keeping the 
reaction mixtures for I hr. at 25°. 
For convenience the diketogulonic 
0*.j mg. is expressed as mg. of ascorbic 

^ 0-9 j,i,r from wdiicb, it was prepared, 

since a;ii absolute value cannot be 
obtained owing to the fact that it 
, a has not been isolated. These units 

300 are plotted against the reeipincal 

of the reading on the colorimeter 
X — X dehydro- scale (l/B). The results are the 
lie and dehydro- mean of the figures obtained from 
of ascorbic acid different solutions deter- 

mined in d.uplicate; the variation 
of the individual readings 
from the mean were with - 

-Oo*3 mg. in the limits of ± 3 %. 

As can be seen from the 
curve (Fig. 4) the rela- 
tionsliip betw-een the 
concentration and the 
reciprocal colorimeter 
mg. readings is linear up to 
about 0*4 mg. of diketo- 
gulonic acid ; beyond that 
0*2 mg. concentration there is 

a slight deviation from 
Beer’s Law. Since the 
intensity of the colour 
produced by dehydro- 
ascorbic acid is only 

about 1/12 of that pro - 

duced by diketogulonic 
acid it was not possible 
to obtain values lower 
a , , than 0*35 mg. It is seen 

300 that figures for the colour 

given by diketogulonic 
ler symbols are as in Fig. 1. acid in pure solution ap- 
proximating concentra- 
tions as low as 1 part in 200,000 can be read off the 
calibration curve. 

The curve does not pass through the origin. This 
can be explained in two ways. .Either some afosorp- 


-X 0*2 mg. 


200 300 
Time (min.) 

A — A ascorbic acid. Other symbols are as in Fig. 1. 


42 



Time (min.) 

Fig. 3. Colour production at 75°. The symbols are as in Fig. 2. 


Reciprocal colorimetric reading 
Fig. 4. Calibration curve. 

tion is produced by the reagents or Beer’s Law is 
not obeyed in very dilute solution. We favour the 
former explanation, since some experimental evid- 
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ing the absorption of solutions of 
KMn04 w.ith the spectrum green 
^ 0-3 ,„g. filter, a linear relationship between 
1/i^ and the concentration of the 
KMnO^ could be obtained, obeying ^ 
Beer’s Law even in dilute solution, 
i.e. the curve passing through the 
A 0-3 mg. origin. When a blank solution con- 

^ 0 • 2 mg. tainiiig 1 ml. of dinitrophenyl- 

hyckazine and 4 ml. ISTaOH m 
A 0*2 mg. 25 ml. was matched against a suit- 
dilution of KMn04 it was 

found that the value for the absorp- 

tion of the concentration of ICMn04 
equivalent to the blank expressed 
in units of the 0-5 neutral density 
filter coincided with the zero value 
obtained from the calibration curve 
(0'007). iVll results including those 
given in Figs. 1, 2 and 3 were theie- 
fore corrected for zero disf)lace- 

. j ment. 

PfQCQ^ure. A quantity of the 

me (min.) solution containing 0-05-0-5 mg. 

, , • T7* -7 diketoffulonic acid is introduced 

. 75°. The symbols are as in Fig. 2. J ^ ^ the volume, 

/ if necessary, is made up to 9 ml. with distilled. 

water. 1 ml. of the dinitrophenylhydrazme 
reagent is then added and the tube placed in a 
thermostat at 25° ( ± 0-2°) for 1 hr. At the end of 
this time 4 ml. of N NaOH are added, the solu- 
tion is transferred to a 25 ml. graduated flask 
and after 1 min. is made up to volume with the 
washings and with distilled water. After mixing 
the contents the colour of the solutionis measured 
in the colorimeter as rapidly as possible (30 sec.) 
in order to avoid any error due to fading. Six 
readings are taken which should not deviate by 
more than ± 2 % from the mean. The quantity of 
s« diketogulonic acid present is then read oS the 

calibration curve. 

If dehydroascorbic acid is present it is deter- 
mined by reduction with HgS and titration with 
indophenol and the colorimetric equivalent is 
obtained from the calibration curve. The calcula- 
tion is then made as follows: 


R R^ Ro 

jR = Observed colorimetric reading. 

R^ = Equivalent colorimetric reading for quantity 
of dehydroascorbic acid found. 

= Colorimetric reading due to blank (zero cor- 
rection). 

Ry = Colorimetric reading for diketogulonic acid. 

JSTo correction is necessary for ascorbic acid since 
colour is obtained after an hour at 25°' with quan- 
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titles less than 2 mg. and such liigh concentrations 
iisiially fall outside the range. 

Table 1 gives the degree of accuracy that can be 
attained by d63termining diketogulonic acid in con- 
centrations of about 0-5~5 mg. in 100 ml. solution. 

Table 1. Determination of diketogulonic acid in the 
presence and in the absence of dehyd/roascorhic and 
ascorbic acids 

Diketogulonic a,cid in the presence 
of dehydroascorbic and ascorbic acids 


f ^ ^ 

1 Dehydro- 

Diketogulonic acid ascorbic Ascorbic Diketogulonic acid 


Added 

^ 

acid 

acid 

f 

.A ^ 

Found 

Added 

Added 

Added 

Found 

mg./ 

mg./ 

mg./ 

mg./ 

mg./ 

mg./ 

100 ml. 

100 ml. 

100 ml. 

100 ml. 

100 ml. 

100 ml. 

5*5 

5*5 

3*3 

0 

4*4 

4*4 

5*0 

5*0 

5*5 

0 

3*3 

3*3 

4*4 

4-4 

3*3 

0 

2*2 

2*3 

3*8 

3*7 

5*5 

0 

1*1 

1*1 

2*5 

2*6 

5*5 

0 

0*55 

0*6 

2-2 

2*3 

3*3 

22*0 

3*3 

3*4 

1*2 

1*1 

4*4 

22*0 

2*2 

2*3 

1*1 

1*1 

5*5 

22*0 

M 

M 

0*55 

0*5 

5*5 

22*0 

0*55 

0*6 


In this and in the following tables diketogulonic acid and 
dehydroascorbic acid are expressed as equivalent quantities 
in mg. of ascorbic acid from which they were prepared. 


Effect of pH on the colour production . In studying 
the colour production in the presence of buffer 
solutions it was observed that the intensity of the 
colour produced by a given concentration of dike- 
togulonic acid varied with the quantity of buffer 
added. This point is illustrated by the results given 
in Table 2. It was evident that the reason for the 

Table 2. Effect of buffering capacity on colour 
production 

Amount buffer, ml. in 9 ml. 1 2 3 4 5 

test solution containing 
0*3 mg. diketogulordc acid 

% Colour produced 102 108 113 114 122 

Phosphate buffer pH 7*4; 2*72 g. KH2PO4 + 15*9 ml. N 
NaOH in 200 ml. solution 

The colour intensity for 0*3 mg. diketogulonic acid 
obtained from the calibration curve = 100 % . 

deviation in the colour production was the pH of the 
reacting solution after the addition of the dinitro- 
phenylhydrazine. This difficulty can be overcome 
by adjusting the pH of the test solution to about 2. 
Table 3 gives the results of an experiment in which 
diketogulonic acid (0*3 mg./9 ml.) in a number of 
buffered solutions of various pH’s as well as in 
solutions containing different quantities of HCi, was 
determined by the above procedure before and after 
the adjustment of the test solution to pH 2. It is 
seen that the intensity of the colour produced in- 
creased with the rise in the pH of the test solution. 


Table 3. Infkimce of ;p,H of test solution 071 
colour prod/uctio?i 

Colour 

production % 


yuantity 

ml. 


Before 

A,fter 

ir 

i 9 ml. 
test 


adjust- 

ment 

adjust- 

ment 

Buffer or acid added solution 

pH 

of pH 

to pH 2 

Phosphate- citrate buffer* 

2 

4*0 

105 

100 

2 

5*0 

107 

101 


2 

6*0 

109 

101 

Borate bufferf 

2 

7*0 

117 

100 

2 

7*4 

115 

99 

Phthalate bufferf 

2 

6*0 

107 

101 

N HCI 

0*5 

— 

94 

101 


1*0 

— 

88 

100 

3> 

2*0 

— 

74 

101 

* Mcllvaine [1921]. 

It Clark & Lubs [1916]. 

t 

Palitzsch [1915]. 


The colour intensity for 0*3 mg. diketogulonic acid 
obtained from the calibration curve = 100 % 

As the results of the preceding expjeriment (Table 2) 
show, this difficulty does not hold if the buffering 
capacity of the test solution is low, since the addition 
of the phenylhydrazine reagent then brings about a 
pH similar to that which obtains in the pure dike- 
togulonic acid solution, which is used as the standard 
for comparison, after the addition of this reagent. 

HETERMHSTATION OF DIKETOGULONIC 
ACID IN BIOLOGICAL MATERIAL 

Blood and plasma. In view of the observations 
made in the preceding section it became evident that 
in preparing trichloroacetic acid extracts of tissues 
for the .determination of diketogulonic a,cid, the 
quantity of the acid present in the extract would 
have to be considered. Fortunately it was found that 
up to 4 ml. of 5 % trichloroacetic acid the intensity 
of the colour was not affected. An equal volume of 
10% trichloroacetic acid was therefore added to 
guinea-pig whole blood or plasma into which a 
known quantity of diketogulonic acid had been 
previously introduced. After removing the pre- 
cipitate by centrifugation, aliquot portions of the 


Table 4. Determination of diketogulonic acid in 
whole blood and plasma 


Whole blood mg./lOO ml. 

A ■ . .. 

Plasma mg./ 100 ml. 

. A. 

Added 

Found 

Added 

Found 

2*5 

2*37 

2*5 

2*4 

5*0 

5*0 

5*0 

5*4 

10*0 

9*5 

10*0 

10*2 

15*0 

14*3 

15*0 

16*0 

20*0 

20*4 

25*0 

24*0 

33*0 

32*5 

34*0 

35*0 

40*0 

39*2 

50*0 

49*5 

66*0 

64*0 

67*0 

68*0 

100 

101 

80*0 

82*0 

200 

196 

100 

100 


extract, not exceeding 4 ml. were submitted to the 
procedure described above. As the extracts of the 
whole blood or of the pla sma gave a small but signili- 
cant colour (eciuivaleiit to about 2 mg./lOO ml.) with 
d.ini;troplierivli:ivdrazine, it was necessary to deter- 
mine the intensity of this ooloui- in a control experi- 
ment. so that a correction could be made. Table 4 
gives 10 representative determinations. The stan- 
dard error of percentage deviation in concentrations 
from 2-5 to 200 mg./lOO ml. of blood or plasma was 

found by us to be .3-|- %• _ i • i 

Liver, kidney and muscle. The tissues obtained 
from normal gumea-pigs, the added diketogulonio 
acid and 2 parts by weight of 10% trichloroacetic 
acid were ground with sand in a mortar, squeezed 
through muslin, regimmd, and centrifuged in the 
usual way. The sensitivity of the determination m 
this case was conditioned by the fact that the use 
of too much extract produced turbidity after the 
addition of the alkali. We nevertheless found that it 

Table 5. Determination of diketogulonic acid in 
liver, muscle and kidney 
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■e submitted to the was possible to determine 0- 16 

the eetracts of the a standard error of pereentage deviation of , ,, 
^.^Sbltsignit after eomsetlng for the hl-n “ 

2 mtr /100 ml.) with random are given in Table ^ PP 
aecei,ry to deter- equivalents of diketogulonic acid yielded by the 
in a control experi- blanks were, muscle 0-1 mg./g. ; kidney 0-15 mg./g. , 

L be made. Table 4 liver 0*2 mg./g. 

nations. The stan- Urine. The diketogulonic V 

n in concentrations freshly voided hmnan ui-ine and the detem nation 
lood or plasma was was carried out dheotly on the urine without ^e- 
^ vious extraction. When necessary a correction was 

be tissues obtained made for the blank. This was never higher than the ■ 

dded diketogulonic equivalent of 5 mg. of diketogulomo 10® “ ; 

0 % trichloroacetic of urine. Table 0 gives some results obtained with 

a mortar, squeeze Table 6. Determination of diketogulomo acid 

centrifuged in the - ^ 


Added, 

mg./lOO ml. 

2-5 

5-0 

10-0 

10*0 

15*0 

Found, 

mg./lOO ml. 

2-5 

5-0 

10-2 

9*6 

15*2 

Added, 

mg./ 100 ml. 

20*0 

20-0 

25-0 

30*0 

40*0 

Found, 

mg./ 100 mi. 

20-0 

19-4 

24-7 

29*0 

40*0 


Liver me./g. 


Muscle mg./^ 


Kidney mg./g. 


concentrations 2-5-40 mg./lOO ml. of urine The 

standard error of percentage deviation of all 
the mine determinations carried out by us was 
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Urea as a Partial Protein Substitute in the Feeding of Dairy Cattle 

By E. C. OWEN, J. A. B. SMITH and N. C. WRIGHT, The Hannah Dairy 
Research Institute, Kirhhill, Ayr 

{Received 29 September 1942) 


The belief that certain simple nitrogenous com- 
pounds such as urea are capable of supplying to the 
ruminant a significant proportion of its nitrogen 
requirement is many years old. The theory most 
commonly advanced to account for the utilization of 


these simple compounds is that they are built up 
into protein by certain micro-organisms of the 
rumen which use them as a soui*ce of nitrogen for 
their own multiplication. The protein so formed is 
subsequently broken down in the small intestine to 
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aiiiiiio -acids wliioli are absorbed into the blood 
stream of the host along with those resulting from 
the digestion of the diet. 

This theory has never been fully substantiated. 
Many feeding trials were carried out, mainly on the 
Continent, in the first three decades of the present 
century, but insuperable difficulties are encountered 
when an attempt is made to interpret the results of 
most of the e^xperiments. In some instances the 
periods in which the non -protein nitrogen was fed 
were too short to enable reliable conclusions to be 
drawn. In others the periods were longer but the 
body-^veights of the animals were not recorded, and 
again in others the controls were inadequate. These 
difficulties were emphasized by Krebs [1937] who, 
in reviewing the literature up to 1936, cited over 100 
references and stressed the highly controversial 
nature of the results. 

Since 1936 fuither publications have appeared 
suggesting that at least a portion of the dietary 
protein of ruminants can be replaced by substances 
such as urea. Hart, Bohstedt, Deobald & Wegner 
[1939] found that urea and ammonium bicarbonate, 
when added to a diet poor in protein and fed to 
growing calves, caused gains of live weight which 
were larger than those produced by the untreated 
diet, although the increases were slightly smaller than 
those obtained by the addition of the same amount 
of nitrogen in the form of casein. Bartlett & Cotton 
[ 1 938] found no significant differences when one-third 
of t he protein in the ration of young dairy heifers was 
replaced by urea, though they believed that the urea 
diet was slightly inferior to the protein diet. These 
publications, together with several others, have been 
discussed recently by Benesch [1941] and reviewed by 
Owen [ 1 94 1 ] . It may be noted that they are concerned 
mainly with the effect of feeding on the growth of 
young stock or sheep, and that none of the work pub- 
lished in recent years has dealt with the value of these 
simple nitrogenous compoxmds for milk production. 

The controversial nature of results and the war- 
time shortage of feeding -stuffs appeared to justify a 
thorough reinvestigation of the dietary value of urea 
for milk production. The general plan of attack and 
the objects in view have been outlined briefiy by 
Owen, Smith & Wright [1941]. One section of the 
work was to consist of metabolism trials with 
lactating cows, in which urea would be compared 
with blood meal as a source of one-third of the 
nitrogen of the production ration. In the second 
section use was to be made of a steer with a large 
rumen fistula to determine by both in vivo and 
in vitro methods whether protein synthesis could 
actually be observed in the contents of the rumen 
and, if so, to study the factors affecting the magni- 
tude and efficiency of such synthesis. 

The present communication is limited to' an 
account of the metabolism trials and their results. 


, OUTLINE OF THE EXPERIMENTS 

Seven Ayrshire cows of average milk yield were used 
for the experiments. They were first fed a production 
ration in which a third of the nitrogen w^as supplied 
by blood meal, a product which has been shown by 
Morris & W right [1933a] to contain a protein of first- 
class biological value for milk production. After the 
animals had been receiving this diet for a few weeks, 
the blood meal was replaced by its nitrogen equi- 
valent of urea plus its energy equivalent as pure 
starch. With the first two cows the urea was fed for 
a period of 6 weeks and then replaced by blood meal. 
With the remaining five cows a period of about a 
fortnight without either urea or blood meal -was 
inserted immediately after the first urea period. 
Each dietary change from one period to another was 
made gradually over 5 days. Further details as to 
the dates of the various periods and their duration 
are given in Table 1. 

The animals were kept in special stalls in the 
metabolism house which has already been described 
by Morris & Wright [19336]. The stalls were so fitted 
that by means of a continuously moving belt the 
mine and faeces of the cows could be collected 
separately with, only slight mutual contamination. 
The faeces were weighed and sampled every 2 days, 
but the vessels for collecting urine were emptied each 
day and the urine sampled. Toluene was used to 
minimize bacterial action in these vessels. Com- 
posite 2-day samples of urine were then made for 
analysis. The slight contamination of the urine with 
faeces imparted to the urine a marked ‘ urease 
activity’, with the result that part of the excreted 
urea was liable to be converted to ammonia in the 
collecting vessels. This rendered the estimation of 
urea itself relatively valueless and it was fomid 
necessary to estimate urea and ammonia nitrogen 
together. Preliminary tests showed, however, that 
this conversion of the urea did not result in any loss 
of nitrogen from the urine. 

The milk yields were recorded daily, and with the 
first five cows composite 2 -day samples were analysed 
for all the major constituents. With the remaining 
two cows the analysis was carried out at less frequent 
intervals. Urea and non-protein nitrogen were also 
determined at sixitable times throughout the experi- 
ments in both the blood serum and the milk. 

Two of the animals were weighed at the beginning 
and end of the experiment, and the remaining five at 
the beginning and end of each period. 

The basis of rationing for maintenance was 5*5 lb. 
starch equivalent and 0*5 lb. protein equivalent per 
1000 lb. live weight. For milk production the allow- 
ance was 2*5 lb. starch equivalent and 0*45 lb. pro- 
tein equivalent per gal. The production ration per 
gal. of milk consisted of 0-25 lb. blood meal, 2 lb. 
oats, li lb. bran, 0*25 lb. treacle and 0*5 lb. starch. 
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111 E]xp. 1 the iTia,i:nteiiance ration for cows A and B 
consisted of 28 lb. swedes, 14 lb. straw and 2 lb. oats 
per day. It was found in this experiment that 
swedes were technically undesirable since 'they were 
not always completely consumed by the animals and 
since tliej’' contained a somewhat large proportion 
of iioii-proteiii nitrogen of which the nutritional value 
ca-imot at present be accui-ately assessed. In the 
experinieiit with cow’s C and G, a maintenance ration 
consisting of 13-5 lb. hay (6 % crude protein content) 
and 2*12 ib. potato starch per day was therefore fed, 
and the bran in the production ration was reduced 
by 0*5 lb. to compensate for the resulting slight 
increase of protein ec|uivalent. In Exps. 1 and 3 a 
reduction iras mad© in the ]:)roduetion ration during 
the course of the work to parallel 
the decrease in milk yield. The 
point at which this change was 
made is shown in Fig. 1. In 
Exp. 2 the production ration 
was fed at the same level 
throughout. 

The constituents of the pro- 
duction. ration and the oats or 
starch from the maintenance 
ration were weighed each day 
and then thoroughly mixed in 
a mechanical mixer, the urea 
being dissolved in the molasses 
plus an equal volume of water. 

This procedure avoided any 
risk of localized concentrations 
of urea. The mixtiue was fed 
twice dail.y. There were no 
refusals of food during the 
urea periods, which indicates 
that the mixture was quite 
palatable. In Exp. 2 the hay 
w’as sampled and analysed at 
frequent intervals to ensure 
that the nitrogen intake was 
maintained at the correct level. 

The hay in Exp. 3 and the mixed 
diet in Exps. 2 and 3 were 
analysed every 2 days. 

In all Kjeldahl determina- 
tions a mixed catalyst of potas- 
sium and copper sulphates and 
powdered selenium was used. 

Sulphur in the urine was deter- 
mined by a modification of the 
method of Wolf & Osterberg 
[191 0] . After having been boiled 
with eonc. HNO 3 under a reflux 
condenser, the mine was sub- 
jected to a second oxidation with Denis’s [1910] 
copper nitrate reagent. The total sulphur was then 
determined gravimetrically as BaSO^. This method 
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gave results agreeing well with those obtained by 
oxidation with a mixture of sodium carbonate and 
sodimn peroxide. Urea and ammonia in the urine 
were determined by the urease method of Van Siyke 
and Cullen as described by Peters & Van Siyke 
[1932]. Before the determination of ammonia the 
samples of faeces were subjected to the action of 
urease. 

RESULTS AND DISCUSSION 
Milk yields 

The milk yields for 2 -day period for all seven cow’s 
are shown in Fig. 1, while the average yields in each 
period are recorded in Table 2. It will be seen from 
Fig. 1 that on feeding m’ea to cow A there was a 






Fig. 1. The milk yields of the seven co ws 
throxighout the various periods. 
Each dietary change from one 
period to another was made in five 
stages over five days except for 
the third change with cows F and 
G which was made in two stages 
over two days. These change-over 
^ periods are repie.sented by the 
pairs of vertical lines. In accordance with the decrease in millv; yields, an 
appropriate reduction was made in the production ration fed to eoxvs A, B, F 
and G at the points denoted by the vertical dotted line. 


decrease in yield from some 35 kg. to about 29 kg. 
during the first 16 days, a fall of 17 %. This decrease 
was, however, followed by a slight recovery, with 
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Table 1. Plan of experiments 



Dura- 


Period tion 


Exp. no. no. 

days 

Description 

1 1 

26 

Blood meal 

Cows A and B 2 

44 

Urea in place of blood meal 

6. xii. 39 to 3 

28 

Blood meal 

19. iii.'40 



2 1 

30 

Blood meal 

Co ws C, 13 and .E 2 

36 

Urea in place of blood meal 

15. iv. 40 to 3 

12 

Neither blood meal nor urea 

22. viii. 40 4 

14 

Urea replaced in the diet 

5 

18 

Blood meal 

3 1 

43 

Blood meal 

Cows F and G 2 

29 

Urea in place of blood meal 

3. ill. 41 to 3 

17 

Neither blood meal nor urea 

7. viii. 41 4 

17 

Urea replaced in the diet 

5 

25 

Blood meal 

Table 2. The 

average 

mMk yields during the . 

vmnous periods [kg, 12 days) 



Cow 

.-V 

r 



Period A B 

C 

DEE G 

1 34*4 34*0 

22-8 

23*3 24-6 30-3 29-6 

2 30-6 31*5 

22-3 

21-5 23*6 28-7 30-4 

3 27-0 25-0 

17-6 

17-3 18-7 27-9 26*9 

4 — — 

14-9 

16-8 19-2 26-9 25-3 

5 

13-3 

15-0 18-2 24-1 23-1 


the resTjlt that during the last 3 weeks of urea feeding 
the yield approached closely to a value which might 
reasonably have been recorded as normal had blood 
meal been fed throughout. In fact the averages 
quoted for cow A in Table 2 suggest that m^ea did 
not result in any very serious decrease in yield, if the 
normal fall in lactation is taken into account. The 
urea feeding period in this experiment coincided with 
the exceptionally cold spell in the early part of 1940, 
and it appears that the temporary fall in yield may 
have been due to adverse weather conditions. With 
cow B no such initial decrease took place and the 
eiiiciency of mea for milk pinduction appears to 
have approached very closely to that of blood meal. 

The diiagrams for cows C, D, E and G and the 
averages in Table 2 all show that milk production 
during the 4 or 5 weeks of urea feeding was practi- 
cally as high as that obtained with blood meal, and 
that on removing urea from the diet a marked 
decrease in milk yield at once ensued. Thus with 
these four cows, yields of some 22, 21, 23 and 30 kg. 
at the end of period 2 were rapidly reduced to 17, 17, 

19 and 27 kg. by the withdrawal of urea from the 
diet. These decreases amount to between 10 and 

20 %. With cow F the milk yield in period 1 was so 
variable that it is difficult to estimate the effect of 
ai*ea with any certainty, but this animal appears to 
have behaved like cow A in that there was an initial 
decline in yield followed by a partial recovery. On 
withdrawing urea from the diet, however, the yield 


in this instance did not decline appreciably. It will 
be shown later that of the two cows F and G- which 
were observed at the same time under identical 
conditions, the wastage of the ingested urea was 
much greater with cow F than with cow^ G. This fact 
may explain why urea did not seem to be as effective 
with cow F as it was wdtli G. 

It will be observed from Fig. 1 and Table 2 that for 
cows C, D, E and G the replacement of urea, and 
subsequently of blood meal, in the diet, after the 
period in which neither was fed, did not cause the 
milk yield to return to its expected (normal lacta- 
tion) value. This is not an unusual experience, for if 
the milk yield is once allow^ed to decrease through 
inadequate feeding it is most difficult, particularly 
in the latter half of the lactation, to increase it again 
merely by an improvement in the diet. 

So far as milk yields are concerned it may there- 
fore be tentatively concluded that of the seven cow^s, 
five were able to utilize m‘ea for milk production 
with reasonable efficiency, though the results for the 
sixth cow (F) were not clear-cut. With the remaining 
cow (A) there was an initial fall in yield at the outset 
of urea feeding, but this only proved to be tem- 
porary, and WSLS probably due to tlie severe weather 
conditions. It has been suggested [Kay, 1942] that 
the feeding of urea in more than very limited 
quantities may have a toxic effect. It is clear that 
in the present experiments no such effect occurred. 
Indeed, with four of the seven cows the yield was 
practically maintained at its initial level in spite of 
advancing lactation. 


Body weights 

The body weights, which are recorded in Table 3, 
were obtained by weighing each animal three times 
on one day and averaging the values so obtained. 


Table 3. Body weights in kg. 
Cows 


At beginning of 1st blood 
meal period 

At end of 1st blood meal 
period 
Change 

At end of 1st urea period 
Change during this urea 
period 

At end of period when 
neither urea nor blood 
meal was fed 
Change during this period 
At end of 2nd urea period 
Change during this period 
At end of 2nd blood 
meal period 

Change during this period 




C 

D 

E 

F 

G 

464 

473 

488 

483 

478 

450 

425 

450 

446 

428 

-14 

. "^48 

-38 

-37 

: -50,. 

450 

455 

478 

445 

413 

None 

+ 30 

+ 28 

-1 

. -15 

448 

436 

454 

435', 

402 

-2 

-T9 

-24 

-10 

-11 

449 

464 

457 ' 

434 

410 

+ 1 

+ 28 

+ 3 

-1 

+ 8, 

479 

489 

479 

419 

,402. 

+ 30 

+ 25 

,,+22 ' 

,-15 

+„8 


Cows A and B were weighed only at the beginning and 
the end of Exp. 1. Their initial weights were 442 and 410 kg. 
respectively and their final weights were 394 and 409 kg. 
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Thi' three weighings were made ® 

6 p m This precaution was taken to ensure that the 
awrage .vighr recorded for any one day 
alTectfd as little as possible by the ingestion of food 
:;!:,r water or bv the excretion of faeces and imne. 

Except- on one occasion the differences ^ 

hitwocn an>' of the three weighings on 
one day never exceeded 17 kg. and were ^ 

usually much less. ■ -u. . "I 

It will be seen that the weigh & | 20 ^ 

of all five cows in Exps. 2 and 3 ^ op-^ 

decreased slightly during the first blood 
meal period, but that dining period 2 - \ 

when urea was substituted for blood . 
meal, this tendency was checked, and in j 0^ 
two instances (D and E) the decrease ^ 
was converted to an increase. nen, ^ A . 

however, urea and blood meal were | W U 
both withheld (period 3), the weights -I JV 
of cows D and E again showed a tendency >3 1 00 i v- 
to decrease in spite of the fact that the s 
period was short and that it was acoom- 5 
panied by a reduction in milk yield. When ^ ^ 

urea feeding was resumed in period 4 these 0 

decreases m weight were again checked, 
and in period 5, except in the case of cows 
F and G. they were converted to gains. 

It may be concluded that the urea feed- 400 ^ 
ing did not cause any significant loss of K 

body weight, and that in certain instances \ ! 

gains were observed during the urea ^^^1 , 
periods. 1 n 

Nitrogen excretion | ii 

At 2-day inteiwals throughout the experi- 3200 » 
ments composite samples of urine and ' 1 

faeces were analysed for total nitrogen j 1 . 
and urea -(-ammonia nitrogen, and for fu 

creatinine and creatine. In the ease of 
cows A and B urinary sulphur was also de- \, 

termined. Owing to the need for economy 
in space it is impossible to present here qL- 
the large nuinber of results obtained in 
this section of the work. Details of two 
typical examples are given in Fig. 2. pig. 2. ( 
Cow A gave similar results to cow B, while nitroge 
the results for cow C were representative 

the remaining five animals. The average values 
the intake and output of nitrogen and for the 
urea + ammonia excretion for Exps. 2 and 3 are 
shovm in Table 4, It will be relevant to discuss at 
this point the metabolic data. 


balance to a somewhat remarkable degree. This was 
particularly true for cows C, D and E, the apparent 
positive balances attaining m some mstanoes a figur e 
of 90 g./2.day period. In view of the relatively smal 
changes in the body weights of the animals (Table, 3) 


Ration 

contains 

bloodmeal 


Ration 

contains 

bloodmeal 


Output of nitrogen in urine as creatine (broken line) and 
as creatinine (continuous line). 


t of sulphur in urine 


V Ration 
contains 
Bloodmeal 


I Total output of 
v j nitrogen 

Ration contains 


No blood- 
1, , meal I 
No urea 


Ration 

contains 

bloodmeal 


Nitrogen balances 


It wUl be seen from Table 4 that, except in period 3, 
when both urea and blood meal were withheld, the 
appeared to be in a state of positive nitrogen 


Fiv. 2. Output of total nitrogeu in milk, faeces and urine, output of 
nitrogen as ureaH-ammonia in urine, and total intake of nitrogen. 

i values it is difficult to regard these values as true indications 
for the of the precise state of nitrogen balance. We^ are 
i 3 are unable to explain the tendency for our technique 
3CUSS at apparently to indicate such large positive balances. 

Each step of the procedure has been examined in 
detail with a view to solving this problem, but so far 
no solution has been found. It may be noted that in 
the work of Morris & Wright [19336] and of Morris, 
leriod 3, Wright & Fowler [1936], in which the same tech- 
eld, the nique was used, positive balances of as much as 50 
litrogen and over 70 g. nitrogen per 2-day period were en- 
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countered in extreme instances, whereas negative It was again ■restor( 
balances occurred infrequently and were usually was resumed, 
very small. ' ' The fact that the 

We are, however, of the opinion that the figures more positive in th( 
recorded for the balance in any one period can be the intervening niti 

compared in a relative sense with the corresponding either that the ui' 
figures for other periods. Thus with cow C the figures anabolized by the s 
of +76*9, 4-53*2 and 4- 11*4 for periods 1, 2 and 3 urea in the diet in 
indicate that a probable positive nitrogen balance nitrogenous oonstiti 
when blood , meal was fed was slightly reduced when available for the an 
the blood meal was replaced by urea and was very nexion a study of th 
much fiuther reduced (if not rendered negative) the faecal nitrogen ol 
when neither urea nor blood meal was ingested. It that the amount of n 
seems reasonable to apply a similar method of inter- for metabolic piupoi 
pretation to all the nitrogen balance figures in of the food was orea 
Table 4. 


It was again restored, however, when urea feeding 

was resmned. 

The fact tliat the nitrogen balance was so iiiiicli 
more positive in the two main ui’ea periods than in 
the intervening nitrogen-deficient period indicated 
either that the m*ea-nitrogen was retained and 
anabolized by the animals or that the presence of 
urea in the diet in some way rendered the other 
nitrogenous constituents of the food more readily 
available for the animals’ use. In this latter con- 
nexion a study of the values recorded in Table 4 for 
the faecal nitrogen of periods 1 and 2 does not suggest 
that the amount of nitrogen absorbed by the animal 
for metabolic piuposes from the other constituents 
of the food was greater during urea feeding than it 
was with blood meal. In other words the apparent 


Table 4. Nitrogen eoccretion {g, nitrogenl2 day period) 


Urine 

Faeces 

Milk 

Nitrogen 

Nitrogen 

Urea + NHg-l 

s in 

Creatinine Creatine 

Total intake 

balance 

Urine 

Faeces 

Total 

g./2 days 

g./2 days 

52*0 

136*1 

94*9 

283*0 359*9 

-f76*9 

21*4 

10*3 

31*7 

11*1 

10*0 

61*5 

150*6 

101*8 

313*9 367*1 

-f53*2 

32*9 

15*6 

48*5 

10*3 

5*8 

42*7 

147*6 

84*1 

274*4 285*8 

+ 11*4 

10*7 

7*0 

17*7 

12*2 

2*2 

61*2 

139*4 

80*8 

281*4 370*2 

+ 88*8 

25*3 

10*5 

35*8 

13*3 

■ 5*8 

2*2 

68*8 

161*8 

67*4 

298*0 390*4 

+ 92*4 

35*0 

IM 

46*1 

13*0 

36*8 

167*5 

112*1 

316*4 405*0 

+ 88*6 

18*3 

17*9 

36*2 

6*2 

7*8 

71*1 

172*5 

109*1 

352*7 404*0 

+ 51*3 

49*3 

22*4 

71*7 

7*5 

10*8 

43*9 

152*3 

93*1 

289*3 287*7 

- 1*6 

10*6 

12*2 

22*8 

12*3 

9*2 

72*9 

138*8 

95*0 

306*7 398*8 

+ 92*1 

45*9 

12*2 

58*7 

9*0 

12*5 

76' 1 

164*9 

88*0 

329*1 418*8 

+ 89*7 

48*9 

14*3 

63*2 

8*6 

7*8 

57*8 

166*5 

103*0 

327*3 422*1 

+ 94*8 

30*4 

19*5 

49*9 

11*7 

8*7 

90*3 

166*8 

108*3 

365*4 406*6 

+41*2 

57*6 

18*1 

75*7 

12*6 

10*1 

51*9 

152*2 

85*0 

289*6 301*8 

+ 12*2 

11*4 

9*0 

20*4 

16*1 

7*3 

102*2 

132*2 

92*8 

327*2 424*0 

+ 96*8 

63*2 

11*0 

74*2 

16*3 

9*9 

5*4 

98*0 

162*2 

91*4 

351*6 450*0 

+ 98*4 

60*8 

12*8 

73*6 

12*7 

96*0 

162*0 

120*9 

378*9 388*1 

+ 9*2 

50*1 

12*5 

62*6 

15*3 

11*1 

143*6 

146*8 

120*9 

411*3 433*9 

+ 22*6 

95*8 

15*5 

111*3 

14*9 

15*9 

59*4 

127*2 

115*0 

301*6 298*2 

~ 3*4 

24*8 

6*9 

31*7 

14*5 

10*3 

88*1 

133*6 

117*8 

339*5 356*5 

+ 17*0 

52*9 

11*2 

64*1 

15*1 

16*3 

72*7 

165*4 

105*9 

344*0 368*9 

+ 24*9 

34*8 

9*4 

44*2 

14*3 

11*3 

67*4 

174*0 

131*9 

373*3 398*3 

+25*0 

40*3 

19*4 

59*7 

9*3 

10*2 

93*1 

162*9 

139*4 

395*4 436*0 

+40*6 

57*1 

21*9 

79*0 

9*1 

12*8 

44*2 

139*6 

123*7 

307*5 302*9 

- 4*6 

15-7 

9*8 

25*5 

8*5 

10*6 

71*3 

138*3 

122*8 

332*4 365*0 

+ 32*6 

39*2 

16*6 

55*8 

11*8 

16*4 

■45*3 

175*8 

112*8 

333*9 364*7 

+ 30*8 

16*9 

14*3 

31*2 

9*6 

8*6 


Period 
Cow C 
1 
2 

3 

4 

5 

Cow D 
1 

. 2 ' 

3 

4 

5 

Cow E 
1 
2 

3 

4 

5 

Cow F 
1 
2 

3 

4 

5 

Cow G 
1 
2 
3 

^ 4 ' ■' 

5 ■■■ 


If this method of interpretation is valid, two main 
conclusions may be drawn. (1) With three cows 
(C, P and B) th© positive nature of the balance in the 
first urea period was significantly less than in the 
first blood meal period. In the case of the other two 
cows (F and G) the reverse was true. On the other 
hand, with all fi ve animals the positive nature of the 
balance was very considerably reduced during 
period 3, when neither urea nor blood meal was fed. 

Biochem. 1943, 37 


utilization of urea cannot be ascribed solely to an 
increase in the digestibility of the other constituents 
of the urea ration. 

Krebs [ 1 937}has stated that an apparent retention 
of urea such as has been found here might merely be 
due to a swamping of the tissues with, urea and not 
to a conversion of urea to protein. But if this were 
true one would expect m*ea to be equally effective 
in the diet of both the ruminant and -the non- 
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ruminant animal, whereas it has been well esta- 
blished that in the latter ingested urea is of no 
nutritional value. Moreover, as a simple calculation 
will show, it is um'easonabie to suppose that the 
large retention of urea-nitrogen observed in the 
present experiments could ever be explained by a 
swamping of the tissues with urea. If it be assumed 
that the amount of water in which urea can dissolve 
in the body of the cow is 75 % of its body weight and 
that the concentration of urea in this water is the 
same as that in the blood serum, for which the 
niaximum value found in this work never exceeded 
15 mg. urea-IST/lOO ml. serum, then a 500 kg. cow 
would retain only about 120 g. urea. But in the 
■whole of the second period of these experiments the 
total amount of urea fed to each cow was of the 
order of 3000 g. Even if the level of urea in the 
tissues could rise well above that in the blood, it is 
difficult to believe that it could ever attain a figure 
which would be sufiicient to explain the observed 
findings, nor would such an hypothesis be capable of 
accounting for the maintenance of the milk yield 
and body weights. 

Creatinine and creatine 

Judging from recent publications by Bloch & 
Schoeiiheimer [1941], who find that urea is not a 
preoui'sor of creatine, and by Beard, Espenan & 
[1939], who claim that it is a precursor, 
any variations which might be found in the amount 
of creatinine and creatine excreted in the urine of the 
ruminant, either on a blood meal or urea diet, would 
be difficult to interpret. It was, however, felt that 
a study of the creatinine-creatine excretion might 
give some useful information regarding the meta- 
bolism of the animals ingesting urea. The urinary 
excretion of creatinine and creatine w^as therefore 
estimated for all seven animals by the iisual colori- 
metric procedure of Folin. For the first two cows 
the coloured solutions were compared with the 
standard in a visual colorimeter. For the others a 
‘Spekker’ photo-electric absorptiometer was used. 
The results for cow A, which were very similar to 
those for cow B, are shown in Fig. 2. The average 
for cows C to G are recorded in Table 4. It is 
impossible to draw any definite conclusion from the 
results, for the variations from one 2-day period to 
another were usually too large to enable inter-period 
variations to be detected. Nor was there any appre- 
ciable change when both urea and blood meal were 
withheld. It seems probable that really substantial 
inter-period changes in these values can only be 
observed with cows subjected to relatively severe 
inanition such as that described by Morris & Ray 
[1939]. Further work on this subject is, however, 
clearly desirable, since the results do not fall into 
line with those published earlier by Morris & Wright 
[1933a, 6]. 


Diuresis 

Since urea is a diuretic agent it is important to 
determine whether urea-feeding with ruminants is 
liable to cause excessive and harmful diuresis. The 
average weight of urine excreted per 2 -days in the 
various periods is shown for all seven cows in Table 5. 


Table 5. Average weight of urine excreted in the 
various periods {kg, 1 2 days) 






Cows 




Period 

f 

A 

B 

0 

D 

E 

F 

G 

1 

15*36 

9*63 

6*28 

5*25 

5*25 

12*89 

8*62 

2 

12*99 

10*55 

7*11 

11*96 

9*62 

12-65 

9-68 

3 

12*75 

8*32 

7*31 

9*01 

7-54 

8-73 

7-55 

4 



— 

9*05 

12-51 

14*35 

7*83 

8-22 

5 

— 

— . 

8*88 

10:28 

9*34 

7-80 

6-72 


With cows A and F there was no diuresis when urea 
replaced blood meal in the diet. With the other cows, 
however, in which the weight of urine was initially 
much less, increased excretion did occur during the 
urea periods. This was most marked with cow B, in 
which a value of 5*25 kg. in period 1 rose to 9-62 kg. 
in period 2. Again, the value of 7*54 kg. in period 3, 
when both blood meal and urea were withheld, 
increased to 14-35 kg. in period 4, when urea feeding 
was resumed. On the other hand, it should be noted 
that the figure of 9-62 kg. for the first urea period did 
not differ materially from that of 9-34 kg. for the 
final blood meal period, nor does the highest value 
of 14*35 kg. represent an abnormal excretion for a 
cow in 2 days. Smaller amounts were excreted in 
period 1 by cows A and F and again in period 5 by 
cow A. It therefore seems milikeiy that xirea, if used 
in a prepared production ration in which it accounted 
for some 30% of the nitrogen, would induce any 
harmful diuresis. 

The non -utilization of a portion of the ingested -urea 

The results recorded in Table 4 show that the total 
amount of nitrogen excreted in the urine each 2 days 
during the urea periods was greater than that ex- 
creted during the blood meal periods, and that this 
excess could be accounted for mainly by an increase 
in the excretion of urea A ammonia -nitrogen. Wit h 
cow D, for example, a value of 36*8 g. for the total 
urinary nitrogen dm*ing the blood meal period in- 
creased to 71* 1 g. during the urea period, an increase 
of 34*3 g., the corresponding values for Urea -f 
ammonia-nitrogen in the urine being 18*3 and 49*3, 
a difference of 31*0 g. If, however, it were assumed 
that urea was quantitatively converted to protein in 
the rumen and that this protein became available 
to the animal to the same degree as blood meal, the 
excretion of urinary nitrogen would be expected to 
remain the same in the urea periods as it was in the 
blood meal periods. It seems probable therefore that 
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Table 6. The ■proportion of ingested urea which does not appear to be utilized by the animal 
co'MpaTed with the level of urea ifi the blood 

j. 


Urea-N ingested 


The amount by 

which the urinary The amount by which 
N in period 2 the urinary N in period 
exceeded that 4 exceeded that 
in period 1 in period 5 


Urea 

g./2 days 


Cow 

in period 
g./2 days 

2 4~^ 

- 

Total 
urinary N 
g./2 days 

Urea + 
NHg-N 
g./2 days 

' Total 
urinary ] 
g./2 day 

A 

85-7 — 

13-0 

13-7 



B 

91-0 — 

23-0 

14-1 



C 

85-9 93-7 

9-5 

11-5 

- 7-6 

1) 

93*7 93-8 

34-3 

31-0 

- 3-2 

E 

99-6 99*7 

32-5 

27-2 

+ 4-2 

F 

99-4 81-6 

47-6 

45-7 

4 15-4 

G 

99-8 83-6 

25-7 

16-8 

4 26-0 


% of ingested urea 
which appeared to 
be wasted in period 


Average value for 
urea-jST in the 
blood serum 
mg. N/ 100 mi, 
during period 


~ - 9*7 11-13 Kone 

27'2 + 4-2 p 2*4 27-33 2-4 

45-7 +15.4 

16-8 +26-0 +22-3 17-26 27-31 

There were only three periods with cows A and B. 

No blood analysis w^as carried out for cows F and G. 


increase 

84 

67 

23 

62 

45 
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of N.T.N. and urea in the blood and milk. Nor the five animals for which these data are 
available, cow C showed the least and cow E the greatest variation on replacing blood meal with urea. For this 
reason the results for the two cows have been chosen for illustration. The broken lines bring out the general parallelism 
between the concentration in the blood and that in the milk. ai paraneiism 


this increase in the nitrogen excretion when urea is 
fed may foe taken as a measure of the amount of 
ingested urea which passes through the animal with- 
out acting as a protein substitute. In Table 6 the 
approximate amount of this unused m*ea is calcu- 
lated. It should be noted that the value obtained 


for any one cow is ro ughly the same whether the total 
urinary nitrogen or only that excreted as urea -f 
ammonia is used as the basis of calculation. 

If the above reasoning is sound it may be con- 
cluded that the proportion of urea utilized varies 
greatly with different animals. With the seven cows 

4-2 
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in the present work the proportion of nrea passi)^ 
Loih the animal nnnsed in period 2 varied from 
12 to 47 % and averaged 250/o. Moreover, it ^ m- 
nortant to observe that cow C, which showed the 
smaUest wastage of mea, also showed the greatest 
bmi from the feeding of this substa,nce, for the 


followed by a substantial increase when urea feeding 

"^‘TnSices in which analyses of this t:^e were 

obtained, there was a ^ ®hirin 

the concentration of n.p.n. m the blood and ttat m 

the milk, while the concentration of urea showed 


benefit from the feeding of this ®’ , relationship. It may be noted that the blood 

milk yield of this animal was mamtamed at as lugh taken within a period of minutes 

.*• o Qsi in -neriod 1, though removal oi s p -pArvrftseutative of a 


in ilk vield ot tdiis mmimi w ^ 

“vel in period 2 as in period 1, though removal of 
both blood meal and urea resulted m an abrup 
LcLe. Again, cow F, which showed the least 
Snefit in mfik yield from urea feedmg, also showed 

the greatest degree of wastage. 

ole further point should be noted For cows C 
T) and E the values calculated for the wastage of 
urea in period 2, winch followed a blood meal period, 
was very much higher than those calculated for 

period 4, in which urea feeding ^ 

followed immedia^tely after a period lo - 
of 2 weeks during which both blood 
meal and mea were withheld. In j 8 - 
fact, with cows C and D the nitrogen g 

of urea appeared to be better utilized | 6 • 
during period 4 than was that ot . 

bioodmealfedinequivalentamounts i 

duiing period 5. It appears from this J 

fact that the proportion of the 

dietary urea which is wasted may q | 

depend to some extent on the nutri- ^ 

tional state of the animal prior to 
urea feeding, a phenomenon which 
is not uncommonly encountered m | 
other types of nutritional study. « 

The same feature was observed with 'o 

cow F, though not with cow G. It :| ^ 

should be pointed out that these | 

wastage values have been calculated 2 ■ 
on the assumption that the nitrogen 

of blood meal itself is completely 0 ^ — 

utilized; they are therefore relative 

and not absolute. 4. The le 


similar reiauonsiup. 

samples were taken withm a period oj 
whereas the milk samples were °4e 

lomplete 24 hr. secretion. The results confirm the 

earlierfindingofPeskett[1934]thattheureaco 

of cows’ milk is almost identical with that ot the 

“ I^addition to these analyses, which were car jd 
out at 6-10-day intervals, urea was also estmated 
of clposite d^ly samples of the milk just before. 


Non-fatty solids 


Urea in the blood and milk 


At intervals during the experiments last periods 1 
urea and non-protein nitrogen were The broken i 
determined in the blood serum and 
milk of cows A to E and also in the ®f jws 

F and G. Typical results (those for cows C and E) 
are- shown to detail to Fig. 3. It wiU be seen 
that the changes brought about by alterations m the 
diet were much smaller with cow 0 thm with cow K 

The average values of the blood urea for cows A -^o E 

during the first two periods are recorded in Table b. 
During the urea period these exceeded those found 
during the blood meal period by amounts v^yrng 
from 23 to 84%. When both urea and blood meal 
were withheld from the diet a marked decrease m 
blood urea occun-ed (Fig. 3), and this was again 


penods.T e result f ^ obtained for all the 

T c to each instance the average values for the first and 

ffods have been plotted at points mid-way through these periods. 
The broken lines join these points. 


during and after the change-over from period 1 to 
period 2, and also throughout period 4. T;^ical 
results are shown to Fig. 3. When urea was mcluded 
to the diet immediately after blood meal feedmg, the 
urea in the mito reached a maximum after 2-8 days. 
On the other band, after period 3, when the diet was 
deficient to nitrogen, the time required for the same 
maximum to be attained was 8-10 days after the 
resumption of urea feeding. 

Of the five cows for which blood urea values are 
available, the one which showed the least increase to 
the level of urea to period 2 (cow C) also showed the 
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least apj)areiit wastage, and therefore the greatest 
utilization of this substance (Table 6). As regards 
milk yield (Fig. 1 and Table 2), this cow also bene- 
fited most from the inclusion of urea in its diet and 
suffered most from its withdrawal. For the mother 
animals no definite correlation could be detected 
between blood urea levels and the apparent wastage 
of urea. 

The comj^osition of the milk 

To both the producer and the consumer of milk it is 
important that data should be available to show 
whether the composition of the milk is adversely 
affected by the ingestion of -urea. In the present 
experiments the highest concentration of urea in the 
milk was roughly 28 mg./lOO ml., or 0- 16 g. per pint 
(cow D, period 4) ; with the remaining cows it was 
very considerably below this level throughout most 
of period 2 . Such an amomit of urea is without effect 
on the taste of the milk and could not have any 
adverse effect on the consmner. 

The principal constituents in composite 2 -day 
samples of the milk were also determined for the 
first five cows, while for the remaining two similar 
determinations were made at less frequent intervals 
throughout the experiment. Two examples, which 
are typical of all the results, are shown in Fig. 4. They 
demonstrate clearly that urea-feeding did not bring 
about any alteration in the general composition of 
the milk. 

SUMIVIARY 

1. The value of urea as a partial substitute for 
dairy cows has been investigated by feeding it to 
seven lactating animals in an amount equivalent to 
33 % of the nitrogen in the production ration or to 
25% of the total nitrogen intake. Data for milk 
yield, body weight, nitrogen balance and milk com- 
position obtained while feeding this diet have been 
compared with the corresponding data obtained 
when the animals were receiving {a) blood meal and 
no urea and (6) neither blood meal nor urea. 

2. The milk yields of five of the seven animals 
were well maintained when blood meal was replaced 
by xirea. With four of the five cows under test a rapid 


and significant decrease in milk yield took place 
when urea was removed from the food. For one of 
the remaining tw^o cow\s the graph of the milk yield 
was difficult to interpret owing to an initial decrease 
during the first few days of urea feeding. This 
decrease may have been due in part to the excep- 
tional weather conditions then prevailing. The 
seventh cow did not appear to benefit to any signifi- 
cant extent from the inclusion of urea in its food. ■ 

3. Changes in body weights were not marked at 
any stage of the experiment, but on the whole they 
seemed to be better maintained on urea than on 
blood meal. 

4. The nitrogen balance and excretion data show 
that, although ui’ea was partially retained by all the 
animals, its retention was not complete. Compared 
with blood meal, amoimts varying from some 12 
to 47 % and averaging 25 % of the ingested urea 
apparently passed through the animal wfithout being 
utilized. This apparent w^astage was much reduced 
when urea feeding was preceded by a period in which 
the diet had been deficient in total nitrogen. The 
quantitative importance of this failure to utilize all 
the dietary ui*ea is discussed. 

5. The urea content of the blood tended to increase 
at the outset of the urea period and then to return 
towards its initial value as the urea feeding pro- 
gressed. The urea content of the milk closely approxi- 
mated that of the blood and never exceeded 28 mg./ 
100 ml. (O’ 1 6 g. per pint) , an amount which would not 
have any deleterious effect on the consumer. 

One cow showed very little change in the urea 
content of its blood and milk at any time during the 
experiment. This animal also appeared to utilize the 
ingested urea to the gi’eatest degree and to benefit 
most from its inclusion in the diet. 

6. The ingestion of urea had no measurable effect 
on the percentage of protein, fat, lactose or total 
solids in the milk. 

The authors wish to record their thanks to Dr 
M. P. Applebey and Prof. A. C. Chibnall, F.R.S., for 
their interest and encouragement during the course 
of the work, and to Imperial Chemical Industries 
Limited for a grant towards the expenses. 
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In a footnote to their recent paper on the reliability 
of the cliemieai estimation of vitamin C by titration 
with 2:6-dichlorophenolmdophenol, Harris & Olliver 
[1942] mention the application of a procedure in- 
volving the addition of an excess of dye and in- 
stantaneous measurement of the excess of colour, in 
order to differentiate the rapid reduction effected by 
ascorbic acid from the slower reduction due to non- 
specific reductants. Several methods employing this 
principle have already been described [Meunier, 
1937; Guthe <& Nygaard, 1938; Evelyn, Malloy & 
Rosen, 1938; Bessey, 1938; Bukatsch, 1939]; in 
every case, ho%vever, the authors have relied on 
measurements made on a single mixture of test 
solution and dye. The measurement is complicated 
by the fact that, in the presence of non-specific re- 
ductants, the colour is fugitive owing to the pro- 
gressive decolorization of the excess dye by the 
interfering materials. Meunier [1937] investigated 
kinetically the decolorization of 2:6-dichlorophenol- 
indophenoi by ascorbic acid, glutathione and 
cysteine and concluded that in the presence of the 
latter substances the loss of colour due to ascorbic 
acid could be satisfactorily assessed by making a 
plot of residual colour against time and extrapolating 
back to zero time. Subsequently other workers have 
also employed this device to allow for the fugitive 
character of the excess dye coloration. 

When a Spekker photoelectric absorptiometer was 
employed for the determination of ascorbic acid in 
fruits and Jams by this method it was found that 
fading of the colour of excess indophenol was some- 
times very rapid, especially with solutions which had 
been treated with hydrogen sulphide for the esti- 
mation of the partially oxidized dehydroascorbie 
acid [McHenry & Graham, 1935]. Accuracy of extra- 
polation in such cases was not high and for this 
reason it was considered inadvisable to rely on 
readings of the coloui* due to a single addition of 
indophenol. An improved method, involving read- 
ings on a number of solutions with different amounts 
of excess indophenol, has therefore been developed. 

METHOD 

To a series of increasing amoimts of a solution 
of 2:6-dichlorophenolindophenol, each diluted with 
distilled water to a fixed volume, are added uniform 


aliquot portions of the test solution. The colour of 
each mixture is measured by means of a Spekker 
photoelectric absorptiometer, a further similar 
aliquot of the test solution diluted to the same 
volume with distilled water only being used as a 
standard. The reading on each mixtiue is corrected 
for fading by making three observations over about 
a minute and extrapolating back to zero time. The 
colour values of the mixtures after correction are 
then plotted against the amount of indophenol 
reagent added; the appearance of excess reagent is 
marked by a sudden increase in the slope of the re- 
sulting curve, the point of flexure corresponding 
with the end-point of the titration. 

Solutions employed, (a) Indophenol reagent. A 
solution of 2:6-dichlorophenolindophenol containing 
0*25 mg./ml., was found to be most suitable for the 
Spekker titration. To stabilize the dye 10% of 
Clark’s phosphate buffer of pH 7*0 was incorporated. 
This reagent was stored in a dark bottle in the re- 
frigerator ; it was renewed after about a month and 
standardized every 2 or 3 days in the usual mamier 
[Harris & Olliver, 1942]. 

(5) Sample solution. The sample solution, which 
may be prepared in any suitable mamier, should 
contain preferably from 5 to 8 mg. and in any case 
not more than 10 mg. ascorbic acid per 100 ml. 

’ Titration procedure. The Spekker instrument 
measures the residual light transmission of the test 
solution and in examining a series of solutions of 
progressively increasing colour the instrument read- 
ing diminishes continually. The instrument must 
therefore be adjusted to allow of a suitable range of 
readings being obtained before complete extinction 
is reached. To this end 4 ml. of test solution are 
added from a pipette with a rapid delivery to 4 ml. of 
distilled water in a 1 cm. Spekker cell and mixed in 
with a quick shake. The instrmnent is adjusted to 
give a reading of 1-000 on this mixture with the 
Speltker no. 6 light blue filter in position. If the 
sample solution is itself of a red colour, it may be 
found that the sensitivity of the instrmnent with the 
light blue filter is very low. The sensitivity can be 
improved by substituting a green or even a red 
filter, but the titration curve obtained is of much less 
satisfactory shape. It is preferable to retain the blue 
jSlter and balance the instrument as accurately as the 
reduced sensitivity will permit. 
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The mixture in the ceil thus prepared is retained 
as a ‘zero’ check. 

Readings are then made on a series of solutions to 
which progressively increasing amounts of indo- 
phenol reagent have been added, the amount of 
water being correspondingly reduced to keep the 
total volume at 8 ml. in each case. The end-point of 
the titration must be known approximately, either 
from a preliminary titration or from previous ex- 
perience with the particular material under ex- 
amination, and the additions of indophenol reagent 
should be chosen to allow at least two additions 
before the end-point is reached. After the end-point, 
at least five further additions should be made, the 
amount of indophenol reagent being increased by 
0*2 ml. each time. The observations on these solu- 
tions are made in the following manner. 

To the appropriate indophenol reagent -water 
mixture in a second 1 cm. Spekker cell are added 
4 ml. of test solution from the pipette previously 
used and at the same time a stop-watch is started. 
The solutions are mixed with a quick shake and the 
instrument reading is observed as rapidly as possble ; 
the reading and time are noted. The instrument is 
thrown out of adjustment and readjusted, and a 
second reading and time, and finally a third, are 
obtained in the same way. These readings should be 
made as rapidly as possible, especially if appreciable 
fading, indicated by a steady increase in the instru- 
ment reading, is observed ; all three readings should 
be completed within a minute at the most. In 
difficult cases a convenient device to enable the first 
reading to be obtained rapidly is to set the instru- 
ment to the approximate reading expected, as 
judged from the previous readings, before adding 
the test solution to the indophenol reagent-water 
mixture. The ‘ zero ’ reading should be checked after 
the observations on each mixtiue. 

Interpretation of results. A plot is first made of 
Spekker reading against time for each mixture 
examined and the curves so obtained are extra- 
polated back to zero time to indicate the probable 
initial Spekker reading of each mixture. A second 
plot is then made of the extrapolated initial Spekker 
readings against the amount of indophenol solution 
added for the whole series of mixtures examined. 
This second plot represents the variation in colour 
of the sample solution, diluted to a fixed volume, as 
progressively increasing amounts of 2:6-dichloro- 
phenolindophenol are incorporated. It comprises 
two relatively straight portions : one, horizontal, 
corresponds to the more or less uniform colour of the 
mixtures in which all the colour of the added indo- 
phenol has been discharged by the ascorbic acid 
present; the other, inclined fairly steeply, corre- 
sponds to the progressively increasing colour of the 
excess indophenol. These straight portions mtersect 
at a relatively sharp angle and the point of inter- 


section’ corresponds with the end-point of the 

titration. 

The accuracy of the determination of the point of 
intersection depends primarily upon the correct 
drawing of the steeper portion of the plot. In 
practice the individual results deviate somewhat 
from linearity owing to random fluctuations ; it was 
thought possible, therefore, that visual assessment 
of the optimum straight line to represent these 
results might not be sufficiently exact to avoid the 
introduction of appreciable errors. This point was 
examined by comparing, for a number of typical 
plots, the results obtained by such visual assessment 
and by application of the method of least squares to 
the calculation of the slope of the steeper portion of 
the plot. Of seventeen results examined, only two 
showed a deviation exceeding 2 %, while the mean 
deviation was ± 1 %. Thus direct visual assessment, 
if carefully carried out, is sufficiently accurate for all 
practical purposes. 

According to Meunier [1937] extrapolation to zero 
time is itself sufficient tO|j,eliminate errors due to 
interference by more slowly reacting non-specific 
reductants. If this were so, it would be possible, 
after a suitable calibration of the instrument, to 
calculate the ascorbic acid content of any mixture 
from its initial Spekker reading, obtained by extra- 
polation of experimental readings to zero time; 
methods of this type have, in fact, already been 
described [Evelyn et al. 1938; Bessey, 1938]. In 
practice, however, fading of the mixtures is some- 
times extremely rapid, and this necessarily means 
that the accuracy of the extrapolation is corre- 
spondingly limited. In fact, as remarked above, the 
individual results on the steeper portion of the plot 
frequently deviate somewhat from the theoretical 
straight line, indicating that these individual results 
are not free from appreciable errors. The deter- 
mination of the first appearance of excess indo- 
phenol, as indicated by the point of intersection on 
the plot, is subject to much less uncertainty. In this 
connexion it may be remarked that during the 
examination of a large number of materials by the 
method it was observed that, even when fading of 
the mixtures was very rapid and extrapolation 
correspondingly difficult, the shape of the final plot 
was always quite satisfactory. 

EXAMINATIOISr OF THE ' METHOD 

Titration of cysteine and glutathione. Of the 
various non-specific reductants which may give rise 
to interference in the titration of ascorbic acid with 
2:6-dichlorophenolindophenol, the most common 
are probably cysteine and glutathione. An examina- 
tion of the effects of these materials on the estimation 
of ascorbic acid by the Spekker titration method was 
therefore made. In the first place titrations were 
carried out on solutions containing cysteine (in the 


IE*. ■. ■ !■ - t 


T.bte 1. 3-,i™<i« 0/ iKrkoMM,) ~d — a.SbMJompWbiopW 

Indoplienol required fo r 4 ml. test solution (ml.) ^ 

^ " CysteinM^J^^ . ■ ^ 


, Amoiiiit 
present* 
mg./lOO niL 

6-5 0-045 (1 drop) 


Speklier 

photoelectric Visual photoelectric 

titration titration titration 


Spekker 


Visual titration 


Pink colour after 1 drop, but fugitive in about 20 sec. 
Similar effect with further additions. Gradual increase m 
time required to discharge colour, but no true end-pomt 
Dye added in 0-2 ml. portions. Pink colour after first 
addition, but fugitive within 15 sec. Similar behaviour 
with subsequent additions, complicated by appearance oi 
greenish yeffow end-colour. Permanent pink colour at 
about 12 mi. 


about iz mi. . , . 

* These figures represent the amount of cysteine present; the amount of hydrochloride taken was appropriately greater. 


Cysteine [hydrochloride] mixtures 



' 0 10 20 30 40 



0*8 h 


26 mg./ 100 ml.* 


0 10 20 30 40 

Glutathione mixtures 


Fig. 1. Fading of solutions 
containing 2:6-dichloro- 
65 mg./lOO ml.* phenolindophenol in ad- 

mixture with cysteine (hy- 
drochloride) and gluta- 
u I I I I thione. (Figures attached 
0 10 20 30 40 to curves indicate amount 

of indophenol solution 
added to 4 ml. portion 
of cysteine or glutathione 
solution.) See note at- 
, taehed to Table 1. 


6*5 mg./lOO ml. 


26 mg./lOO ml. 


65 mg./lOO ml. 


Q i ---1 I- I 1 0* 1 1 « > oi- — * 1 1 > 

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 

Time of standing (sec.) 
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form of its liydrochloride) and glutathione alone. 
The solutions were prepared in 6 % acetic acid and 
contained approximately one, five and ten times the 
amount of ascorbic acid normally aimed at in the 
test solution ; comparative visual titrations with in- 


dophenol were made. The results are given in 
Table 1. . 

Fig. 1 shows the fading curves of these mixtures ; 
it is to be noted that, since the Spekker absorptio- 
meter measures the amount of residual light trails - 


Table 2. Recovery of ascorbic acid in admixture with cysteine {hydrochlo 7 dde) amd glutathione 
(Paired results for the visual titration were obtained one before and one after the photoelectric titration) 

Ascorbic acid found, mg./lOO ml. 

Amount of In presence of cysteine (hydrochloride) In presence of glutathione 


Amount of 
interfering ' 
material 
present 
mg./lOO ml/''' 
Nil 



Spekker 


Spekker 

Visual titration 

photoelectric 


photoelectric 

titration 

Visual titration 

titration 


6-10 

6-281 p 

6-35 f 

6-10 


6*16 

— 

— 

SSI*-** 

6-iO 

6-531 ^ ,rj 

6-40f ^ 

6-13 

511 ’■i’t 

6*10 

6-40] 

6.43] ^ 

6-10 


See note attached to Table 1. 

t This figure is very approximate : no definite end-point could be obtained. 

It will be observed that even in the absence of any interfering material the visual titration yields higher results than 
the Spekker photoelectric titration; this is to be expected, since in a visual titration a small excess of indophenol is required 
to produce a visible colour, whereas the photoelectric procedure should yield the exact end-point of the titration. As the 
amount of interfering material increases, with its attendant difficulty in the observation of the visual end-point, the 
apparent recovery of ascorbic acid by the visual titration increases progressively. Recovery by the photoelectric method, 
apart from slight random variations, remains constant. 

The photoelectric titration curves of the mixtures are given in Pig. 2 : all the curves are of quite satisfactory shape, 
although the mixtures containing large amounts of cysteine showed very rapid fading (cf. Pig. 1). 



>— 0 0 g. j.0( 

\ O'® 

b 0*8 

^ 0*6 

V 

_ Ascorbic acid V 0*4 

.Ascorbic acid ^ 0*4- 

alone \ 

+ 26 mg./lOO ml. \ 


glutathione 

-J ^ U 0*2 

1 1 L. 0*2 ■ 


+ 65 mg./ 100 ml. 
glutathione 


1-0 2*0 3-0 0 1-0 2-0 3*0 0 1-0 2-0 3-0 


) 0 0 0 ^ 1*0 

5 0 0 . |.0( 

o \ 

V 

y 0*8 

\ 0*6 

.V 0*6 

_ Ascorbic acid k 0*4 

_ Ascorbic acid \ . 

+ 6-5 mg./ 100 ml. X 

+ 26 nig./lOO ml. b 

cysteine [hydrochloride] * 

cysteine [hydrochloride]* \ 

1 1 L. 0*2 

1 L 0*2- 


Ascorbic acid \ 

+ 65 rag./lOO ml. ^ 
cysteine [hydrochloride] * 


ml. indophenol reagent added 

Pig. 2. Photoelectric titration curves of ascorbic acid in admixture with cysteine (hydrochloride) 
and glutathione. See note attached to Table 1. 
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mitted, a diminution of colour is indicated by an 
increase in the instrument reading. In both cases the 
rapidity of fading depends upon the concentration 
of each of the reactants ; as indicated by the v^ual 
observations, however, fading of mixtures contain- 
ing cysteine is very much more marked than that 
of mixtures containing corresponding amounts ot 
glutathione; even in greatly excessive concentra- 
tions, fading due to the latter material is relatively 


of reducing substance other than ascorbic acid (as 
shown by the shape of the fading curves m the 
Spekker titration) and in these cases the Spekker 
titration gave considerably lower results than a 
visual titration with indophenol. Table 3 shows some 

typical results. . . . . ^ 

The lemon juice showed little variation between 
the results obtained by the two methods, the small 
difference observed being attributable to the excess 


Table 3. Comparison of visual 


and Spekker titrations of plant materials with 2:6-dichlorophenoUndophenol 


Ascorbic acid found, mg./lOO g. 


Material 

Lemon juice 

Unripe walnuts, solution in 5% metaphosphoric acid 
Banana honey (concentrated banana juice), solution 
in 6 % acetic acid 


Visual titration 
58-2 
1628.0 

Fading prevented definite end- 
point. First colour con-e- 
sponded to about 58 mg. ; fairly 
permanent colour corresponded 


Spekker titration 
55-7 
1415*0 
16*0 


slow. It is satisfactory that, even with the very rapid 
fading observed in the presence of large amounts of 
cysteine, the final plot approached closely to 
linearity and indicated only a slight negative de- 
parture from the theoretical zero titration value. ^ 
Recovery of ascorbic acid from mixtures containing 
cysteine and glutathione. Solutions were prepared 
in 6% acetic acid containing 6*5 mg./ 100 ml. of 
commercial synthetic ascorbic acid in admixture 
with varying amounts of cysteine (hydrochloride) 
and glutathione; a control solution was prepared 
containing ascorbic acid alone. These solutions were 
titrated with 2 : 6 -dichlorophenolindophenol, both 
visually and by the Spekker photoelectric method. 
The results are given in Table 2. 

APPLICATION OF THE METHOD TO 
NATUBAL MATERIALS 

The method has been applied to the examination of 
a range of plant materials, including both natiu-al 
and manufactured products. Some of the materials 
examined apparently contained appreciable amounts 


of indophenol required to produce a visible colour. 
The other materials, however, showed considerable 
discrepancies and, since there seems no reason to 
suppose that the Spekker titration could yield low 
results, it appears that with these materials the 
visual titration may he considerably in eiior. 

SUMMARY 

The Spekker photoelectric absorptiometer has been 
applied to the determination of ascorbic acid in the 
presence of non-specific reductants by a step- 
titration method; satisfactory recovery of ascorbic 
acid was obtained in the presence of cysteine and 
glutathione in amoimts up to ten times that of the 
ascorbic acid itself. 

The author -wishes to express his thanks to the 
Director of Deseurch of the British Association of 
Research for the Cocoa, Chocolate, Sugar Con- 
fectionery and Jam Trades, Mr T. Macara, and to the 
Council of the Association for permission to publish 
this paper. 
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The existence of an enzyme capable of hydrolysing 
acetylcholine into choline and acetic acid, first sug- 
gested by Dale [1914], was established by Loewi & 
Navratil [1926] and has since been confirmed by 
many investigators. 

It is still a matter of controversy whether the 
hydrolysis of acetylcholine is effected by a non- 
specific esterase or by a specific enzyme, which acts 
exclusively on esters of choline. Stedman & Sted- 
man [1935], regarding the enzyme present in blood 
serum as the specific catalyst for the hydrolysis of 
choline esters, named it choline esterase. While not 
insisting on the absolute substrate specificity of the 
enzyme, Easson & Stedman [1937] maintain that 
cholinesterase is ‘specific to the extent that its 
principal action is to hydrolyse simple esters of 
choline’. Vahlquist [1935], on the contrary, denies 
the specificity of cholinesterase in plasma, claiming 
that the hydrolysis of acetylcholine is brought about 
by the same enzyme which hydrolyses tributyrin. 
The specific nature of the enzyme in tissues, on the 
other hand, has, apparently, not been questioned, 
the hydrolytic action of tissue extracts on acetyl- 
choline being indiscriminately referred to as ‘ cholin- 
esterase activity’. 

It is the purpose of this paper to show that there 
exist in the animal body two esterases capable of 
hydrolysing acetylcholine: a true cholinesterase 
acting exclusively on choline esters, and a non- 
specific enzyme, which hydrolyses not only esters of 
choline but a variety of non-choline esters as well. 
Moreover, experiments with both enzymes at high 
and low concentrations of acetylcholine, have re- 
vealed a decisive difference between the two 
esterases, calling for a sharp distinction of the true 
cholinesterase from the non-specific enzyme, for 
which we venture to suggest the name pseudo - 
cholinesterase. 

1. PSEUDO -CHOLINESTERASE 
The following three series of experiments, carried out 
with extensively purified enzyme preparations, are 
neither consistent with the conception of the specific 
nature of the ‘cholinesterase’ present in blood 
serum, nor do they support the view that the hydro- 
lysis of choline estex's by tissues is invariably due to a 
specific enzyme. 


(a) The action of ‘ cholinesterase ’ from serum and 
pancreas on non-choline esters'^ 

Horse serum and crude tissue extracts from pancreas 
(dog) hydrolyse not only esters of choline, but also 
have a marked hydrolytic effect on non-choline 
esters such as tributyrin, tripropionin and methyl 
butyrate. Moderate purification of the ‘cholin- 
esterase ’ from these sources results in a considerable 
loss of activity towards non-choline esters ; but once 
a hundred -fold increase in ‘ cholinestei’ase ’ activity 
has been attained, the ratio Qa^cJ Q non-chB remains 
constant upon further purification. Even when the 
activity of the ‘cholinesterase’ has been increased 
about two thousand times this ratio is still the same 
(Table 1). 

A variety of steps is required in order to proceed 
from a hundred-fold to a two thousand -fold increase 
in ‘cholinesterase’ activity. If we assume that two 
distinct enzymes are present in our hundred-fold 
purified exti'aets, the one acting on acetylcholine, 
the other on non-choline esters, it seems reasonable 
to expect that the ratio QAchlQnon-cm would change 
dining the process of fui'ther purification. The fact 
that this ratio remains constant suggests that a 
single enzyme is responsible for the observed choline 
and non-choline ester hydrolysis. The following 
experiments verify this hypothesis. 

* The method for the purification of the tissue ‘cholin- 
esterase’ (dog pancreas) used in our experiments will be 
found in this issue [Mendel & Mundell, 1943]; the purifi- 
cation of the pseudo-cholinesterase from horse serum will 
be published later. 

The activity of the enzyme preparation was measured 
manometrically by Warburg’s method at 37-5° in 0*025 Jf 
NaHCOs saturated with 5% COg (pH 7*4). Each molecule 
of acid liberated from choHne esters or non- choline esters 
during hydrolysis, releases one molecule of CO 2 from the 
bicarbonate. Therefore, the quotient 

[wolume of COg (in pi.)] 

[time (in hr.)] x [dry-wt. of enzyme preparation (in mg.)] ’ 

which wfil be denoted by the symbol Q, is a measure of the 
activity of the enzyme preparation. The suffix to Q refers 
to the substrate: Ach = acetylcholine, Tb= tributyrin, 
Mb=methyl butyrate, Tp= tripropionin and non-ChE = 
non-choline esters. 



Table 1. Hydrolysis oj cholme and non-cholvm esters by ‘ ohoUneBterase’ preparations of varying purity 

Substrate concentration 0*03 Ji" 



Increase in 


Source of 

‘ cholinesterase ’ 


clioliiiesterase’ 

activity 

Horse serum 

0 

. 34 

IlS-fold 

4,000 


472.foid 

16,000 

3 ? 

1670-fold 

57,000 

Dog pancreas 

0 

97-fold 

310 

30,000 


1930-fold 

600,000 


^Tbt 

60 

1,280 

5,400 

19,000 

15,500 

9,100 

181,000 


VMb 

30 

90 

1,250 

520 

10,800 


7,200 

150,000 


Q Ach 

0*57 

3*12 

2*96 

3*00 

0*02 

3*29 

3*31 


Q Acli 
$Mb 

M3 

44*5 

45*5 

57*5 

55*5 


VAch 

^Tp 


445 

4*00 


* ^cetylclioline chloride (Hoffmaiin-La Roche) was used in all expeiiineiits. ^ j t ^ 4 -' rlici+illation 

+ Since tlie tributyrin at our disposal contained some inhibitory substance, it was purified by ^ J. 434 O 

ill a high vacuum (0*003 mm. Hg). The pure substance distilled at b.p. 97 -98 (bathtempeiature 135 140 ), nj) 

choline esters to practically the same extent. Apart 
from confirming the absence of esterase, these 
experiments make it highly improbable that two 
enzymes — the one acting on choline esters, the other 
on non-choline esters — are present in our purified 
preparations, thus supporting our hj^othesis that 
the ‘ cholinesterase ’ in serum and pancreas is a non- 
specific enzyme. 

(c) The action of serum and tissue extracts on 
mixed substrates 

If tissue extracts or sera contained two enzymes 
capable of hydrolysing substrates A and B re- 
spectively, ad dition of the activities of both enzymes 
should occur in the pi’esence of the two substrates, 
provided the substrate concentrations were optimal 
and substrate A did not inhibit the hydrolysis of 
substrate B and vice versa. The latter point has 
already been dealt with by Stedmaii [1935], who 
found that choline esters do not inhibit appreciably, 


(6) The effect of eserine on choline and non- 
choline ester hydrolysis 

Easson & Stedman [1937], experimenting with 
various blood sera, found that about a thousand 
times the amount of eserine sufiicient for the com- 
plete inhibition of choline ester hydrolysis only 
partially abolished the hydrolysis of non-choline 
esters. 

We are able to confirm these observations, and 
agree with Stedmaii’s interpretation that a special 
enzyme, esterase, capable of hydi‘olysing non- 
choline esters and scarcely sensitive to eserine, is 
present in certain untreated sera. As such sera 
(guinea-pig, horse) and crude tissue extracts (dog 
pancreas) contain far greater quantities of esterase 
than of ‘cholinesterase’ the action of the former 
would obviously conceal the inhibitory effect of 
eserine on the activity of the latter towards non- 
choline esters. 


Table 2. The effect of eserine on the hydrolysis of acetylcholine and tributyrin 
by purified ‘ cholinesterase ’ preparations 


Hydrolysis (in /xi. CO 2 evolved in 


Source of 
‘cbolinesterase’ 
preparation 

Horse serum 

(CAcbl6,000) 


Bog pancreas 

(i^Ach 600,000) 


Eserine 

concentration 

- ^ 

r 

Acetylclioime 

Tributyrin 

% inhibition of . 

^ A-_ 

f 

Acetylcholine 

hydrolysis of 

M 

(0*00337) 

(0*00337) 

Tributyi'ia 

0 

66*0 

22*5 


— 

10 -® 

42*5 

15*5 

36 

31 

10 -’ 

9*0 

2*5 

86 

89 

10-6 

0 

0 

100 

100 

0 

39*5 

12*5 

— 


10-6 

20*5 

6*0 

48 

52 ■ 

10 -’ 

7*0 

2*5 

, 82 

80 

10-6 

3*5 

1*5 

91 

88 


We decided, therefore, to examine the effect of 
eserine on the non-choline ester hydrolysis brought 
about by our purified extracts, from which we 
believed the esterase had been removed (see 
section 1, a). 

Table 2 shows that small amounts of eserine 
inhibit the hydrolysis of acetylcholine and of non- 


if at all, the hydrolysis of tributyrin. Experimenting 
with various blood sera, Easson & Stedman [1937] 
observed that addition of activities did oGcur in the 
presence of two substrates (tributyrin and butyryi 
cholme), the addition being almost complete in the 
case of guinea-pig serum, partial in the case of horse 
serum and less pronounced in the case of human 
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♦ seriUB. Once more we are able to confirm these 

results for untreated sera and crude tissue extracts, 
and we again agree with Stedman’s interpretation 
that the addition of activities is caused by a second 
bnzjmBf esterase, abundant in the sera of guinea-pig 
and horse. 

If, however, purified preparations from which the 
esterase has been removed (see Section 1, b) are 
allowed to act on a mixture of two substrates, a 
choline ester (acetylcholine) and a non-choline ester 
(tribiityrin), no additive effect can be observed 
. (Table 3). 


Table 3. The hydrolysis of mixed substrates by purified 
‘ cholinesterase ’ preparations 

yiX. COq evolved in 5 min. from 


Source of 
‘ cliolui- 
esterase’ 

Acetylcholine 

Tributyrin 

Acetylcholine 

(0-03i¥)-|- 

tributyrin 

preparation 

(OmM) 

(0-03 i¥) 

(0*03 i¥) 

Serum 

105 

34 

100 

(<9ac1i 16,000) 
Pancreas 

. 42 

13 

42 


(QAch 600,000) 

This result is consistent with our assumption that 
the hydrolysis of choline esters in serum and certain 
tissues is brought about by an enzyme also capable 
of hydrolysing non -choline esters. 

We have presented and discussed three types of 
evidence in support of our hypothesis that one 
enzyme is the agent for the hydrolysis of choline and 
non-choline esters in our pixrified ‘cholinesterase’ 
preparations. 

(а) the unaltered QAch/Quon-chB ratio within the 
range of hundred -fold to two thousand-fold purifi- 
cation; 

(б) the identical inhibitory effect of eserine on 
chohne ester and non-choline ester hydrolysis, when 
‘ cholinesterase ’ alone is present ; 

(c) the complete lack of addition of activities when 
a choline and a non-choline ester are hydrolysed 
together. 

The concurrence of these three different lines of 
evidence can, we believe, be accepted as conclusive 
proof that the ‘cholinesterase’ in horse serum and 
dog pancreas is a non-specific enzyme. 

The term cholinesterase, suggestive of substrate 
specificity, should, therefore, not be applied to the 
non-specific enzymes in sera and certain tissues and 
might be replaced by the term pseudo -cholinesterase. 

2. THE SPECIFIC OR TRUE 
CHOLINESTERASE 

Extending our studies on the specificity of cholin- 
esterase to other mammalian tissues, we discovered 
in red blood cells and brain tissue of various species 
a true cholinesterase, acting exclusively on choline 
esters. 


Cholinesterase in red blood cells. Table 4 shows 
that laked red blood cells are capable of hydrolysing 
both acetylcholine and non-choline esters, such as 
tributyrin and methyl butyrate. By a simple 
method of purification (see Appendix) blood ceil 
extracts were obtained, displaying increased activity 
per unit weight towards acetylcholine, while being 
completely inactive towards tributyim and methyl 
butyrate (Table 4). 

Table 4. The activity, before and after purification, of 
cholinesterase in red blood cells towards choline and 
non-choline esters 





f 



'1 

/ 

Before 


Source of 

Before 

After 

Before 

After 

After 

red blood 

purifi- 

purifi- 

purifi- 

purifi- 

purifi- 

purifi- 

cells 

cation 

cation 

cation 

cation 

cation 

cation 

Human 

23*0 

440 

5-4 

0 

2*5 

0 

Sheep 

il-5 

183 

6-5 

0 

2-0 

0 

Horse 

7-0 

178 

2-6 

0 

— 

— 

Ox 

19-5 

340 

3-0 

0 

— 

— 


Substrate concentration 0' 003 if. 


These experiments, we believe, justify the con- 
clusion that a specific cholinesterase is present in the 
red blood cells of various mammals. 

Cholinesterase in brain. Brain tissue (mouse, dog) , 
which effectively hydrolyses acetylcholine, exhibits 
some activity towards tributyrin and tripropionin, 
but apparently none towards methyl butyrate 
(Table 5). Unfortunately, brain cholinesterase does 
not lend itself readily to purification, and has not y et 
been separated from the other esterases present in 
brain tissue. 

Nevertheless, the effect of eserine on the choline 
and non-choline ester hydrolysis, brought about by 
brain tissue, and the action of brain tissue on mixed 
substrates, enable us to arrive at a definite con- 
clusion regarding the specificity of the cholinesterase 
in brain. Similar experiments with certain other un- 
purified esterase preparations, e.g. guinea-pig serum 
or crude pancreas extracts, would have been incon- 
clusive, since the hydrolysis of non-choline esters by 
these preparations, far exceeding the hydrolysis of 
acetylcholine, would have concealed the presence of 
pseudo -cholinesterase (see Section 1, 5). No such 
interference, however, occurs in experiments with 
crude brain preparations, owing to the fact that 
brain tissue, with rare exceptions, hydrolyses choline 
esters far more readily than non -choline esters. 

(a) The effect of eserine on choline and non-choline 
ester hydrolysis brought about by brain tissue 

Table 5 shows that an amount of eserine which 
almost completely inhibits the hydrolysis of acetyl- 
choline has practically no effect on the hydrolysis of 
tributju’in. Indeed, the concentration of eserine 
must be increased more than hundred-fold before 
any appreciable inhibition is observed. 
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Table 5 . Effect of eserine on the hydrolysis of choline 
and non-choline esters by cholinesterase in bratn 

The brain tissue was ground and suspended in about 
5 vokiines of distilled water, centrifuged, and the pre- 
cipitate containing the cholinesterase was again suspended 
in the same Tolioiie of water. 0-2 ml. of this suspension was 
employed in, all experiments except the last set (Nucleus 
caudatus) where 0*05 ml. was used). 


Molar 

concen- gl. COg evolved in 10 min. from 


Source ot 

tration 

f 

j 




cholin- 

of 

Acetyl- 

Tri- 

Methyl- 

Tripro- 

esterase 

eserine 

choline 

butyriii 

butyrate 

pionin 

Mouse brain 

0 

53-0 

34-0 

0 

— 

( whole) 

io--« 

7*0 

34-0 

— 

— 


10"^ 

0 

34-0 

— 

— 


10"^ 

0 

36*0 

— 

__ 

Bog brain 

0 

27*5 

34*5 

0 

— 

(grey matter, 

10-« 

0 

— 

— 

— 

cortex) 

i0"5 

0 

33-0 

— 

— 


10-4 

0 

35-0 

— 

— , 

Bog brain 

0 

62-0 

2C-0 

— 

— 

(white 

10“« 

4-0 

24*5 

— 

— 

matter) 

10"5 

0 

23-5 

— 

— 


10-^ 

0 

20*0 

— 

— 

Bog brain 

0 

92-0 

— 

— 

9-0 

(grey matter, 

10"7 

8-0 

__ 

— 

8*0 

Nucleus 

caudatus) 

10-6 

0 

— 

— 

8-0 


Table 6. The hydrolysis of mixed substrates by sus- 
pensions of ground brain tissue 


The suspensions %vere prepared as described in Table 5. 



gl. CO 2 

evolved in 5 

min. from 

Cholin- 

f 


Acetviclioline 
(0*003 if) 4 - 

esterase 

Acetylcholine 

Tributyrin 

tributyrin 

preparation 

(0*003 i¥) 

(0*003 i¥) 

(0*003 if) 

Dog brain 
(grey matter, 
nucleus 
caudatus) 

68 

6 

74 

Mouse brain 
(whole) 

36 

12 

48 


The above experiments prove, we believe, that the 
cholinesterase in the brain of mammals is a specific 
enzyme. 

The true cholinesterase, found in brain tissue and 
red blood cells, may also be present in other tissues 
not yet investigated. Even in tissues such as 
pancreas, in which, according to our experiments, 
the hydrolysis of acetylcholine seems to be entirely 
due to the action of a pseudo -cholinesterase, the 
presence of small amounts of true cholinesterase 
cannot be excluded. 


If on,e enzyme were responsible for the hydrolysis 
of acetylcholine and tributyrin — as was the case in 
experiments with purified enzyme preparations 
from serum and pancreas (Table 2) — small amounts 
of eserine would inhibit the hydrolysis of both esters 
to the same extent. The fact that a concentration of 
eserine, which completely inhibits the hydrolysis of 
acetylcholine, has little or no effect on the hydrolysis 
of tributyrin, shows that the enzyme responsible for 
the hydrolysis of acetylcholine has practically no 
share in the hydrolysis of non -choline esters and can, 
therefore, be regarded as a specific cholinesterase. 

(6) The action of brain tissue on mixed substrates 

Table 6 gives the results of two typical experiments 
in which a choline ester (acetylcholine) and a non- 
choline ester (tributyrin) are added to a suspension of 
ground brain tissue both separately and together. 
Wlien the two substrates are added together, the 
hydrolytic action of the brain tissue is exactly equal 
to the sum of its separate actions on the choline and 
the non-choline ester respectively. 

If a pseudo -cholinesterase, i.e. an enzyme capable 
of hydrolysing both substrates, were present, the 
activity of the brain tissue towards the substrate 
mixture would be less than the sum of the activities 
which were observed when the substrates were 
added separately. 

The fact that complete addition of activities takes 
place, reveals the presence of at least two distinct 
ester-hydrolysing enzymes, and excludes the exist- 
ence of a pseudo -cholinesterase in brain tissue. 


3. THE ACTIVITY OF CHOLINESTERASE AND 

PSEUDO -CHOLINESTERASE AT VARIOUS 

CONCENTRATIONS OF ACETYLCHOLINE 

The pseudo -cholinesterases in human and horse 
serum exhibit their maximum activities at acetyl- 
choline concentrations of about 1-0 and 0-3% re- 
spectively [Click, 1937; Stedman, 1935], concen- 
trations far higher than could be expected to occur 
in the blood stream. At relatively low concentrations 
of acetylcholine, still too high, however, to be com- 
patible with life, the pseudo -cholinesterases display 
only a fraction of their maximum activity. If, for 
instance, 300 mg. of acetylcholine are added to 
100 ml. of horse serum (38°, pH 7-4), we find that the 
hydrolysis of 3 mg. of the substrate is a matter of no 
more than 20 sec. ; if, on the other hand, only 3 mg. 
of acetylcholine are added to 100 ml. of sermn, 
3 min. are required for the hydrolysis of the same 
amount of substrate.* 

Unlike pseudo -cholinesterase, the true cholin- 
esterase, found in brain tissue and red blood cells, 
is far more effective at low concentrations of acetyl- 
choline; indeed, the lower the substrate concen- 
tration, the greater the activity of the specific 
cholinesterase (Tables 7 and 8). It may be noted 
that recently, x411es & Hawes [1940], contiiiiiing the 
work of Galehr & Plattner [1928], made the in- 
teresting observation that human red blood cells, 

* The activity-substrate concentration curve of the 
pseudo -cholinesterase from dog pancreas is almost identical 
with the curve of thepseudo-cliohnesfcerasefromhorseserum. 
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whicii according to onr experiments contain the 
specific cholinesterase, were responsible for most of 
the action of whole blood on acetylcholine, w^hen the 
substrate was present at low concentrations. They 
also found that high concentrations of acetylcholine 
inhibited the action of cholinesterase in hmnan red 
Mood cells. At the same time they noted differences 
between the serum cholinesterase, which we have 
found to be a pseudo -cholinesterase, and the 
cholinesterase present in red blood cells. 

Table 7. Hydrolysis of acetylcholine by cholinesterase 
from red blood cells 

The horse blood cells were purified in the manner de- 
scribed in the Appendix. 

/il. CO 2 evolved in the 2 min. period 
following addition of substrates to 
Concentration of haemolysed blood cells of 


acetylcholine r 


mg. % 

Man 

Sheep 

Horse 

Ox 

500-0 

10-0 

13-5 

6-0 

12-5 

50-0 

17-0 

25-0 

19-5 

— 

25-0 

— . 

30-0 

20-5 

28-0 

2-5 

19-0 

— 

24-0 

32-0 


Table 8. Hydrolysis of acetylcholine by 
cholinesterase in brain 


The braiu suspensions were prepared as described in 
Table 5. 

{A. CO 2 evolved in the 2 min. period 
following addition of substrates 
to suspensions of 


Concentration of 
acetylcholine 

Dog bram 
Mouse brain (grey matte] 

mg. % 

(whole) 

cortex) 

500-0 

5-0 

4-5 

50-0 

— 

11-0 

25-0 

13-0 

— 

12-5 

19-0 

14-0 

5-0 

21-0 

16-5 

2-5 

22-5 

18*5 


Dog brain 
(whole) 
4-0 
8*0 
11-0 


Since it seems reasonable to assume that usually 
low concentrations of acetylcholine occur in living 
organisms, it is most likely that the destruction of 
acetylcholine, wherever it takes place rapidly, is 
brought about mainly, if not exclusively, by the 
specific cholinesterase. 


SUMMARY 

Experiments performed with highly purified esterase 
preparations capable of hydrolysing acetylcholine, 
show that the ‘ cholinesterase ’ present in blood 
serum and certain tissues is* a non-specific enzyme, 


catalysing the hydmiysis not only of choline esters 
but of non-choline esters as w^elL 

A specific cholinesterase, however, acting ex- 
clusively on choline esters, w^as found in the brain 
tissue and the red blood cells of some mammals. 

The non-specific ‘cholinesterase’, puiified from 
horse serum and dog pancreas, exhibits its maximum 
activity at high concentrations of acetylcholine 
(above 300 mg./lOO ml.) and only slight activity at 
low substrate concentrations. The reverse is true for 
the specific cholinesterase, foimd in brain tissue and 
red blood cells: wiiile inhibited by high concen- 
trations of acetylcholine, it displays its maximum 
activity at low substrate concentrations (below 
3mg./i00mL). 

It is proposed to name the non-specific enzyme 
pseudo -cholinesterase, and to reserve the term 
cholinesterase for the specific enzyme. 

APPENDIX 

Method for the separation of cholinesterase from 
other esterases in red blood cells 

10-15 ml. of freshly drawn oxalated blood (himian, 
horse, sheep, ox) are centrifuged, and the plasma is 
discarded. The red blood cells are washed twice with 
about 30 ml. of physiological saline solution. A layer 
of white blood ceils which forms on top of the red 
blood cells after centrifuging, is removed as com- 
pletely as possible, by suction with a capillary. 

To 5 ml. of the washed red blood cells 45 ml. of 
distilled water are added. When complete haemolysis 
has taken place, the solution is shaken thoroughly 
with 1 g. of kieselguhr (B.D.H., acid -washed). The 
mixture, including all the kieselguhr, is then filtered 
tlirough filter paper on a Biicimer funnel, 7 cm. in 
diameter. The filtrate, containing practically all the 
haemoglobin, is poured back, imtil it is absolutely 
clear, and is then discarded. The almost-dry filter 
cake is scraped from the filter paper, thoroughly 
shaken with 50 ml. of distilled water and the filtra- 
tion repeated as previously described. 

The filter cake is again scraped from the filter 
paper and suspended in 5 ml. W/IOOO NaOH. The 
suspension is shaken thoroughly for a few minutes 
and then centrifuged at high speed. 

The slightly turbid supernatant fiuid, orange-red 
in colour, is 20-30 times as active (per unit dry 
weight) as the original blood cells Towards acetyl- 
choline, and inactive towards non -choline esters, 
such as tributyrin. 
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Many papers have been published on the prop^ties 
and distribution of cholinesterase in the animal body 
but few attempts have been made at its purification. 
Stedman & Stedman [1936] purified the e^^e 
from horse serum 60 to 100 times ; McMeekm [19393- 
using a different method, sUghtly mcreased the 
degree of purity. In this laboratory preparations 
about 20 times as active as Stedman’s were 
from horse serum, but the yi^ld was very low and the 
method not suitable for operations on a larger scale. 

The only previous attempt to purify cholinesterase 
from tissues was made by Nachmansohn & Lederer 
[1939], who obtained aqueous extracts from the 
electric organ of the Torpedo vulgaris which were 
about three times as active as Stedman’s purest 
preparations. 

For the purification of tissue cholinesterase, to be 
described in this paper, dog pancreas was chosen, as 
it was known to contain large amounts of the e^yme 
[Mamay, 1938]. The pancreas of larger animals such 
as horse, ox and hog were tested for cholinesterase 
jictivity, but were so much less active than dog 

pancreas that purification was not attempted. 

The method of purification is relatively simple. 
Only two chemicals, (NH4)2S04 and kieselguhr, are 
used in the process, which consists of four mam 
steps: (1) extraction of the enzyme with water; (2) 
fractionation with (NH4)2S04; (3) adsorption on to 
kieselguhr, and (4) elution with ammomum sulphate. 

The final preparation, 1 mg. of which hydrolyses 
about 1-2 mg. of acetylcholine per sec., is approxi- 
mately 2000 times as active per unit dry weight as 
its source and 100-200 times as active as the purest 
preparations described by McMeekin or Stedman. 

The purified enzyme proved to be a pseudo - 
cholinesterase [Mendel & Rudney, 1943], since it 
attacked a variety of non-choHne esters and hydro- 
lysed acetylcholine with maximum speed at a com- 
paratively high substrate concentration (about 
0-02M). 

EXPERIMENTAL 

Estimation of .cholinesterase ctctivity 

The activity of the enzyme is measured mano- 
+1.0 Wni'l-.nro'mp.thod. first adopted for 


teimon [1933]. An aqueous solution of the enzyme 
preparation (0-1 ml. or less) is placed in the mam 
compartment of a Warburg flask and hvo^^t to^ 
volume of 1-9 ml. with a solution of 0-025 M 
NaHCOg, previously saturated with 5 % COj in Na- 
The flask is attached to the manometer and failed 
with the above-mentioned gas mixture, in order to 
maintam the enzyme solution at a constant :pH ( / • ) . 
0-1 ml of a 10 % aqueous solution of acetylcholine 
chloride (Hoffmann la Roche) is tipped from the side 
bulb into the main compartment after temperatui-e 
equihbrium at 37-6° has been attained. 

1 m.-mol. of acetylcholine, when hydi'olysed by 
the enzyme into choline and acetic acid, evolves 
1 m -mol. of COa from the NaHOO^. The amount of 
CO, in al. evolved in 1 hr. by 1 mg. dry weight of the 
enzyme preparation, is referred to as the acetyl- 
choline quotient (Qacii)- 

METHOD OF PUBIFICATION 
1. Extraction 

The pancreas is removed from 4 or 5 dogs im- 
mediately after electrocution, rinsed with cold water, 

and freed from fat, mesentery and visible blood 
vessels. The tissue, weighing about 100 g., is 
pmall pieces, finely minced (an electric mixer, Wliiz - 

mix’,wasfoundveryefiicientformincingandmixmg 

the tissue with water) and extracted with 9 parts of 
cold distilled water. Extraction is allowed to con- 
tinue for at least 6, but not longer than 20 hr., m 
the refrigerator (about -[2°); the mixture is then 
strained through a coarse sieve (18 mesh) to remove 
fibrous tissue. The of the strained suspension 
varies from 200 to 400, the higher values generally 
being obtained dining July, August and September. 

2. Eractionation -with ammonium sulphate 
A Precipitation at 0-48 saturation. The strained 
suspension is gradually brought to 0-48 saturation 
with an (NH4)aS04 solution (sat. at 20°) by addmg 
2/3 of the required (NH4),S04 at once and the re- 
mainder 2 hr. later : this prevents any of the albumm 
fraction from being carried down prematurely with 
the bulky precipitate. Throughout this procedure, 
4 hr. afterwards— the time required for 
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corriplete fi.occi’ilatioii — the mixture is aliowed to 
stand ill the refrigerator. At this stage of -purity the 
enzyme preparation can be kept in the cold for weeks 
without loss of activity. 

The flocculent suspension is then centrifuged in a 
high sjieed centrifuge (a Sharpies Super Centrifuge 
run by air pressure) and the precipitate is discarded. 
The active (0-48 sat.) fluid is brought to 0-85 sat. 
with solid (NH4)2S04 in order to concentrate the 
enzyme by precipitation. The mixture, having been 
kept in the cold for at least 3 hr., is repeatedly 
filtered through filter paper on a Buchner funnel by 
suction, until the filtrate is clear. 

The active filter cake is scraped from the filter 
paper and thoroughly mixed with a quantity of 
water equal to 1/20-1/10 of the original volume of the 
extract. The mixture is centrifuged to eliminate 
coarse insoluble material; a floating layer of fat, 
which may have formed, is removed as completely 
as possible. The turbid supernatant fluid is then 
dialysed in cellophane bags against running tap 
water (below 15°) for at least 16 but not longer than 
20 hr. An inactive precipitate which forms dming 
dialysis is removed by centrifuging. 

The dialysed enzyme solution is again brought to 
0*85 sat. with solid (NH4)2S04 and filtered as 
described above. The filter cake is dissolved in the 
smallest possible amount of water and dialysed 
against running tap water for 20 hr. After dialysis 
any precipitate is centrifuged off and the brownish 
coloured enzyme solution is dried in vacuo over 
CaClg at a temperature not exceeding + 2°. At this 
stage the Qacii ranges from 8000 to 12,000. Since 
the dried active material is stable when kept on ice, 
it can conveniently be collected and stored at this 
point. 

When a sufficient quantity of the dried prepara- 
tion (3-4 g.) has been accumulated, it is dissolved in 
about lOparts of cold distilled water. Much insoluble 
inactive material is removed by centrifuging, and 
the enzyme solution is dialysed in the refrigerator for 
36 hr. against frequently changed distilled water. 
After dialysis the is about 20,000. 

B. Precipitation at O' 5 saturation. An equal 
volume of sat. (NH4)2S04 is added to the dialysed 
enzyme preparation, and the mixture is kept in the 
refrigerator for about 1 hr. The resulting flocculent 
precipitate is inactive and should be removed by 
centrifuging. 

G. Precipitation at 0-52 saturation. By addition 
of more saturated (NH4)2S04 solution, the active 
0*5 sat. fluid is brought to exactly 0-52 sat. and is 
then kept at 37° for 15 min. An inactive precipitate 

^ The esterase is associated with both the globulin and 
albumin fractions of the pancreas proteins, but since it was 
found very difficult to purify the globulin part, only the 
albumin fraction (containing about 1/2 of the esterase 
activity) was used for further purification. 
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forms and is removed by centrifuging. The active 
fluid is again concentrated by precipitation with 
solid (N]B4)2S04 (0-85 sat.) and is filtered as before. 
The filter cake is dissolved in as small a volume of 
water as possible and dialysed against running 
water (below 15°) for 20 hr. At this stage the pre- 
paration has a of approximately 40,000. It 
may be dried in vacuo at a temperature not ex- 
ceeding 2° and stored in the cold for about 2 months 
without loss of activity. 

3. Adsorption on to kieselguhr 

When at least 0*5 g. of the dried enzyme material 
with a of about 40,000 has been accumulated, 
it is dissolved in about 20 parts of cold water and 
dialysed against frequently changed distflled water 
in the refrigerator for 36 hr. After dialysis, the 
brownish coloured liquid is shaken for 10 min. with 
the least amount of kieselguhr* which, will adsorb 
about 95 % of the active material. The kieselguhr 
suspension is cooled in ice-water and centrifuged for 
a few minutes. The supernatant liquid, containing 
the greater part of the brownish coloured inactive 
material, is discarded. The kieselgiilir is washed 
with cold distilled water and then centrifuged ; this is 
repeated several tunes until the water has become 
colourless. Very little active material is lost in the 
comse of this procedure. 

4. Elution 

A cold 0* 1 sat. (NH4)2S04 solution, equal in volume 
to the enzyme solution before adsorption, is added to 
the kieselguhr. The suspension, while being cooled 
in ice-water, is stirred mechanically by a glass rod 
for 10-15 min. It is then centrifuged for a very short 
time. The resulting supernatant liquid contains 40- 
60 % of the adsorbed active material and the yield 
can be increased to about 75 % by a second elution. 

The combined clear eluates are brought to 0* 85 sat. 
with solid (NH4)2S04 and are kept in the cold for at 
least 6 hr. A flocculent precipitate forms and the 
suspension is filtered repeatedly through filter paper 
on a small Buchner funnel (diameter ca. 2 cm.) by 
suction until the filtrate is perfectly clear and the 
filter cake almost diy. The filter paper with the 
adliering layer of precipitate is placed in a small 
beaker containing not more than 5 ml. of ice-cold 
distilled water. Unless a fairly concentrated solution 
of the enzyme material is prepared, considerable loss 
of activity may occiu during dialysis. The active 
material, which dissolves readily, is transferred to a 
cooled centrifuge tube, and tlie liquid absorbed by 
the filter paper is squeezed out and added. The 

* About 3 g. of kieselguhr " Brocades-Stheeman (Amster- 
dam)’ are required for 50 ml. of the enzyme solution. 
Other brands of kieselguhr, such as B.D.H. kieselguhr, 
white, are suitable but not quite as efficient. 
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against feequsntiy can be eliini- 

inactive a„l„tion i. now 

nated by eentiifuoi g- ^ 400''000-600,000. 

„n.vme preparations with a Q^ch above 

with water, they t .* eum 

activity measpred, in a solution of 0 26 /« gum 

SjCQjCIQj’* .^’1 /llG 

of the purified enzyme. 


SUMMARY 

A Oiimple method is described by which a tissue 
esterase, capable of hydrolysing ac^ylcholm^ 
be purified from dog pancreas The f ®P^ , ; 

1 mg. of which hydrolyses about 70 mg. of acety 

® ‘ ia 9000 times 8 jS activ© p 0 r unit 

choline per minute, is 20U «Knnt 1 5 000 

dry weight as the original material and abo 

times as active as horse serum. , 

The enzyme is a pseudo-cholinesterase since it 

hySolyses esters other than those of ^ 

onlitq acetylcholine with maximum speed at a sub 

strateeoncentration(0-02M)farabovephysiological 

range. 
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Methods lor the Purification of Tomato Bushy Stunt 
and Tobacco Mosaic Viruses 

Bv F. C. BAWDBN «n N. W. PIBIB, H.tO 

{Received 4 September 1942) 


Since we first described methods for making liquid 

rtther methods. As a result, we can now describe 
SSpler and better procedures. Other workers have 

laboratories where plant viruses are studied do nor 
We this equipment. Methods of preparation that 

2.' Wwo*y »<l -roto only or^ oontr.- 

fuges may therefore be of more general use. 

Tomato bushy stunt virus 

In our earlier method the sap was_ heated to 60“ 
to coagulate the normal leaf protem. and if th 


preparation is needed solely for a study of its sero- 
fogihal or physical properties this is stdl 
the simplest procedure. However, heating to this 
eSent Jeatly reduces the infectivity of the vix^ 
[Smith, 1935; Stanley, 1940], apparently with 
Lfecting its other 

infective preparations can be made m other ways. 
The method described below is the most satisfactory 
we have found, but with smaU 

precipitation with alcohol, as used by Pine, Smith, 
SpooLr & McOlement [1938] for tobacco necrosis 
viruses, is also suitable and quicker. 

Preparation. Leaves and stems of tomato ptats 

are nut through a domestic meat mmoer with tb m- 
LX plX aid sap is expressed from the mmoe by ha,d 
through a bag of thin, closely woven cloth T/ 

^,,11,,.,^ For each 100 ml. of sap expressed, 30 ml. of a 4 /o 
STn of anhyd. Na.HPO, is added to the residue m the 
baV when this has soaked in, the residue « agam put 
through the mincer and the sap is expressed as before. Th 
two eXaots are mixed, centrifuged and the precipit^ 
Lcarded. The supernatant fluid is usually clear and brown, 
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but it sometimes .has a greenish tinge;, this can be removed 
by adding some more phosphate solution. (]S[H4)2S04 is 
added (280 after it havS all dissolved the fluid is 

left for about 12 hr. at room temperature. The precipitate 
is then centrifuged off, and suspended evenly in a volume 
of water equal to about one-tenth of the original sap. The 
fluid is then centrifuged and the precipitate extracted twice 
or thrice more with smaller volumes of water. The three 
supernatant fluids are mixed, acetic acid is added to bring 
the pH to 4, the bulky precipitate is centrifuged off, and 
extracted twice wdth water. All subsequent operations are 
carried out at pH values between 4 and 4-5. 

(NH4)2S04 is added to the mixed acid fluids until there 
is a definite turbidity; it is convenient to add the solid until 
about 15 g./lOO ml. have been added and then to continue 
with a saturated solution. Within a few hours at room 
temperature a precipitate separates from the turbid solu- 
tion. This can be centrifuged off after about 6 hr. and 
contains most of the virus. After standing for a few days, 
however, or after the addition of a little more salt, a further 
precipitate containing a little virus may separate from the 
supernatant fluid. This is most conveniently worked up 
separately. The precipitate is extracted two or three times 
with dilute acetate buffer so that the volume of the com- 
bined extracts is about one-hundredth of that of the original 
sap. The extract should be colourless or light brown, and 
only slightly opalescent. At this stage, if old plants have 
been used, the fluid may still be dark brown ; it should then 
be reprecipitated with (NH4)2S04 and the precipitate, sus- 
pended in the minimum amount of water, should be dialysed. 
As dialysis proceeds a heavy brown precipitate separates; 
this is centrifuged off, washed once and the fluid used for 
the extraction of precipitates obtained at a later stage. 
Saturated (NH4)2S04 solution is now added drop by drop 
with thorough mixing at a temperature between 20 and 25° 
until the fluid becomes permanently turbid. Solutions con- 
taining more than 1% of virus will begin to crystallize 
when the (NH4)2S04 concentration has been raised to 10%, 
but 15 % will be needed if the virus concentration is as low 
as 1 g./l. A precipitate separates after 1-2 min. but dis- 
solves again almost completely when the mixture is cooled 
to 0°. After 2-3 hr. at 0° any material that remains un- 
dissolved is removed by centrifuging at 0°. This can be 
done in a refrigerated centrifuge or by putting the centrifuge 
inside a refrigerator. It can, however, conveniently be done 
in an ordinary machine at room temperature by use of the 
device illustrated in Fig. 1. A wooden block and lid are 
turned to fit easily inside the 250 mi. bronze bucket of an 
International centrifuge and a hole is bored in the block 
to contain a 50 ml. glass or metal centrifuge tube. If the 
upper surface of the lid lies a few mm. below the rim of the 
bronze bucket there is no risk of its being blown off when 
the centrifuge is spinning. The virus from 1 1. of sap can 
conveniently be held in four 3 x f in. test-tubes, and these 
are carried, surrounded by ice and water, in the 50 ml. 
tube. In the model that we use the wooden walls and lid 
are 12 mm. thick, and some ice remains unmelted after 
45 min. centrifuging at 2000 r.p.m. The precipitate can 
generally be packed tightly by 15 min. centrifuging; if so 
much {lSrH4)2S04 has been added that an appreciable 
amount of virus has also precipitated, it is well to extract 
the precipitate with water and repeat the precipitation 
at 0° on the extract. 

At this stage the supernatant fluid should be clear and 
colourless; when left at 0° crystallization will start in a few 
hours, but if it is allowed to warm up there will be rapid 
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separation of an amorphous product. More virus can be 
separated in the first fraction if, after a few days, another 
drop of saturated (NH4)2S04 solution is added for each ml. 
of fluid. Most of the crystals form on the walls of the tube 
and, after 4-7 days, the mother liquor can be poured off 
without centrifuging. If the addition of (ISrH4)2S04 has 
been gauged accurately only a tenth of the virus will 
remain in the mother liquor; this precipitates when the 
fluid is allow^ed to warm up and can be centrifuged off*, 
redissolved and crystallized. The crystals do not dissolve 
completely unless they are left in water for about an hour, 
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and a useful separation from residual contaminants can be 
effected by washing them quickly. When they have dis- 
solved, any insoluble material is removed, by centrifuging, 
either immediately or after dialysis. Crystallization seems 
to proceed equally satisfactorily at any pH between 3 and 7, 
but the removal of traces of denatured virus and normal 
leaf protein is easiest at about pH 4*5. 

One variant of this method may on occasion be useful. 
The addition of enough acid to bring the pH of the original 
sap to 4*5 removes more normal protein than the addition 
of phosphate and leads to no greater loss of virus. It does 
not, however, remove so much of the Ca from the sap, and 
this, if not removed, precipitates with the (]SrH4)2S04 and 
may interfere with the subsequent extraction of the virus 
from the first (NH4)2S04 precipitate. If the leaves that are 
being used in a virus preparation happen to have a low 
Ca content, there may be greater advantages in getting rid 
of the normal protein than in getting rid of the Ca, and 
this variation may make the preparation go more smoothly. 

The C, H and N content of a vims preparation 
gives but little information about its purity; the 
P content, on the other band, is a useful guide. In 
our earlier paper we gave 1-3-1* 5% as the range 
within which the P contents of our preparations fell. 
In the more extended series of analyses that has 
since been carried out, on preparations dried at 
room temperature in vacuo over P2O5, we find that 
preparations containing less than 1*4 % can always 
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be fui-ther fractionated. Bncler conditions used 
by 'us the B method of Kuttner & Lichtenstem ^93] 
has a probable error of o %. With this uncertauity 
we look upon 1-5% as the most probable 
the F content. An impure preparation of busli^ 
stunt virus is likely to have a low P 
as we have already pointed out [Bawden & Pirw, 
1938], its carbohydrate content will probably be 
high. The precipitate that separates from most pre- 
parations on prolonged dialysis at about pH 4-6 
fnvariably has a high carbohydrate content, and it 
is rare to find a carefully purified preparation that 
contains as much as 7 % of carbohydrate estimated 
by the orcin method [Pirie, 1936] usmg glucose as 
a^tandard. The most usual value is 6 /o- R 
possible to assess the significance of 
between this figure and the range 11-4 to 7 1 ^ 
given for the carbohydrate content of centrifugal y 
viru. by Stanley [MM], for he do« no. 
mention the method of estimation used, and the 
different methods of carbohydrate estiination give 
results that are not necessarily comparable. 

The only difference we have found between pre- 
parations made by the method described m te 
paper and by that described earlier is that the 

foAeraremoreinfective. In appearance, orystalbz- 

ability, serological activity, analytical conaposition 
and sedimentation constant, they are indistmguish- 

able. Recent measurements on preparation made 

bv both methods give an Sw - 130 x 10 . r 

discrepanoy between this figure and that ^^en by 
McFariane & Kekwick [1938] is discussed m the 
Addendum to Bawden & Pirie [1943]. 

Table 1. Comparison of activity of bushy stunt 
virus prepared by two methods 

Infectivity 

Av. no. of 
lesions per 
leaf at 


Method 
Heating 
No heating 
Heating 
No heating 


Serological 

titre 

1/600,000 

1/600,000 

1/600,000 

1/600,000 


contaminants has given an apparent 
infectivity whereas in a second, with much mo e 
Seftive sap, it has not. To get the most highly 
infective preparations, sap should he woHed up 
iimnediatriy, for, as we have already shown [Bawden 

& Pirie, 1940], during ageing in v^tro ^ 

infectivity in much the same way as when heated. 

Table 2. Comparison of activity of sap and 
purified bushy stunt virus preparations 

Av. no. of lesions 

Serum precipi- per leaf at 


Prej)aration 
Preparation 1: 

Sap from stalk and 
leaves 

Virus preparation 
diluted to original 
vol. of sap 


Serum precipi- 
tation 
end-point 


Av. no. of lesions 
per leaf at 

A' 

1:10 1:100 1 : K 


Preparation 2 : 

Sap from stalk and 1:160 186 86 8 

leaves o/- « 

Virus preparation 1:120 188 86 

diluted to original 
vol. of sap 

The virus content of the leaves from infected 
tomato plants is at least five times as great as that 
of the stems; the inclusion of stems in the prepara- 
tion therefore has only a small effect on the yield 
and increases greatly the labour of mmcmg. The 
mincing is easier if the leaves have been frozen 
beforehand, but this freezing has no other advan- 
ta:re We have, however, no evidence that it causes 
any loss of virus, for the salts and other constituents 
of sap protect the virus from the inactivation that 
takes place when virus solutions in water are frozen 
[Bawden & Pirie, 1938]. This phenomenon will be 
dealt with more fully in the foUowing paper. 

We have generally used tomato plants as a source 
of the virus and the yields have varied from 3 to 
100 mg./l. of sap. The highest yields are ohtamed 
from young seedlings infected in the winter and the 
lowest from older plants infected in the summer. 

1 : orrriyxnTTiO'rllirmff 


-U inwpst from older plants intectea m mio 

In Table 1 purified , Purification is also easier from plants growing during 

methods are compared, and it will ^ , winter, as the normal plant constituents are 

hv the method described in this pap ^ Wa have also made 


mernoua two ^ — , 

virus made by the method described in paper 
is at least 10 times as infective as virus made by the 
method involving heating. It is more difficult to be 
certain that the method causes no toss of mfectiyity. 
Comparisons between the infectivity of sap and the 
purified virus suggest that there is no toss, but it is 
well known that the constituents of sap can affect 
the number of lesions produced. The extent of tins 
depends at least in part on the ratio of virus to 

normal plant constituents. This is illustrated in 

Table 2 ; during one purification the removal ot 


Purincaiion is aiso eoaici -o-- o 

the winter, as the normal plant constituents are 
then toss troublesome to remove. We have also made 
preparations from Datura stramonium and Nico- 
tiana glutinosa. D. stramonium is recommended by 
Stanley [1940] as giving a higher yield than tomato, 
but in our experience the sap of this plant is more 
troublesome to handle. The yield from N. glutmosa, 
as would be expected from a plant givmg local 
lesions only, is very tow. These yields all refer to the 
sap that is expressed after mincing in a domestic 
meat mincer. By more thorough grmdmg of the 
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leaf residue a further equal quantity of virus can 
be isolated. This phenomenon will be described in 
a later paper. 

Tobacco mosaic virus 

Precipitation with alcohol was one of the first 
steps in the method we previously described for the 
purification of tobacco mosaic virus. This success- 
fully removed most of the normal leaf protein but 
was laborious. 

In the preparations carried out during the past 
few years we have relied on precipitation at pH 3-3 
to render the normal protein irreversibly insoluble. 
We have already stressed the aggregation that 
appears to accompany purification of the virus by 
our methods [Bawden & Pirie, 1937]; Bernal & 
Fankiichen [1941] suggest that this is a necessary 
corollary of purification and that the tendency to- 
wards linear aggregation of the particles is increased 
by the removal of some of the normal components 
of sap. Our view that preparations of tobacco 
mosaic virus are not homogeneous and consist of 
rods of equal cross-section but variable length, has 
received valuable support from Frampton’s mea- 
surements [1942] of the lengths of virus particles 
measured by means of the electron microscope. 

Preparation. Sap from infected plants is prepared by 
mincing and extraction with phosphate solution as in the 
method used for preparing bushy stunt virus. To each litre 
of fluid 250 g. of (NH 4 ) 2 S 04 is added and, after about hr., 
the precipitate is centrifuged off; it is extracted with water 
until the extracts no longer have an obvious shimmer when 
stirred. In general four or five extractions are necessary, 
and the final volume of the extract is about one- quarter 
of the original volume of the sap. 1 % NaOH is added in 
a fine stream with vigorous stirring to bring the pH to 
about 6-5, and the precipitation with (NH^lgSO^ is re- 
peated; if the supernatant is still dark brown a third 
precipitation is carried out. The precipitate is suspended 
in 10 times its bulk of water and centrifuged for 1 hr. at 
3500 r.p.m., the dark brown precipitate is re-extracted with 
a smaller volume of water, and the virus precipitated by 
bringing the pH of the combined extracts to 3*3 by the 
addition of dilute HCl. After ^ hr. this precipitate is 
centrifuged off, washed once by mixing thoroughly with 
water and centrifuging again, transferred with the mini- 
mum amount of water to a dialysis sac, and dialysed 
against running tap water. After 24-36 hr. the pH will 
have risen sufficiently for the virus to dissolve, but at this 
pH, and in the presence of only traces of salt, most of the 
normal protein remains insoluble. The contents of the 
dialysis sac are diluted if necessary and centrifuged; centri- 
fugation is likely to be very slow if the fluid contains more 
than 1 % of solid. If the precipitate is bulky it should be 
re-extracted. This method of dissolving the acid precipitate 
of virus has been adopted because it avoids the risk of 
inactivating the virus in the small regions of high pH 
which are almost unavoidable if alkali is added directly. 
This dialysis also brings about a useful separation of the 
virus from some normal constituents of the sap. 

The further treatment depends largely on the appearance 
of the fluid- If young tomato or white hurley tobacco 


plants have been used it will be nearly colourless, but with 
older plants it will be brown. If the fluid is brown the pH 
should be adjusted to 6-5 and the (^^ 4)2804 precipitation 
repeated. Pale or colourless preparations are reprecipitated 
with acid and dialysed thoroughly against distilled water; 
the dialysis sac should be shaken gently. If necessary the 
fluid is centrifuged and is then left undisturbed in the ice 
chest for a few days for the separation of the lower, liquid- 
crystalline, layer. With aucuba mosaic this should separate 
from a solution containing 2 % of virus, but \rith the other 
strains 3 % is generally necessary. As in preparations made 
by the previous method the low^er layer is, from a chemical 
standpoint, the purer and has a higher serum precipitation 
end-point than the upper, but it is slightly less infective. 
This method of preparation gives good results with either 
tobacco or tomato plants. 

The recovery of virus by this procedure is satis- 
factory and there is no evidence of any great inacti- 
vation. Thus from 1600 ml. of tomato sap 610 mg. 
of aucuba mosaic vii*us was isolated in the form of 
‘Bottom layer’ and 435 mg. as ‘Top layer’, that is 
to say 0*66 g. was isolated for each litre of sap. The 
serum precipitation end-point of the sap was 1 : 1500. 
If the 0-66 g. represented complete recovery of virus 
this corresponds to an end-point of 2-3 x 10 ®, and 
any loss during the preparation necessitates the 
assumption of an even lower end-point. The ‘Top’ 
and ‘Bottom’ layers, on the other hand, had serum 
precipitation end-points of l:4x 10® and 1:6 x 10® 
respectively. For infectivity measurements it was 
assumed that the sap contained 0-66 g./l. and dilu- 
tions were made accordingly. In Table 3 the nximber 

Table 3. Average number of lesions per leaf for 
sap and purified aucuba mosaic virus 
Dilution of virus 



1 : 10 ® 

1 : 10 ® 

1 : 10 ’ 

8 ap 

‘Bottom layer’ 
‘Top layer’ 

76 

21 

1 

49 

15 

0 

52 

12 

2 


of lesions found is set out. These results are most 
simply explained by postulating that linear aggre- 
gation of the virus particles during purification has 
increased the sermn precipitation titre, whereas the 
faU in infectivity, which would be expected to 
accompany such aggregation, has been masked by 
an apparent increase in infectivity due to the re- 
moval of normal sap constituents. 

The serum precipitation end-points given above 
for aucuba mosaic virus are similar to the end-points 
6 X 10® to 10^, found for this strain of virus in 1937. 
With tobacco mosaic virus, on the other hand, we 
are unable to duplicate the old high values for the 
end-point. The strains that we handle now give 
precipitation end-points of about 10 ® instead of the 
old values of 6 x 10® and 10’. This change is probably 
due to the inadvertent selection of a new strain of 
tobacco mosaic virus, but we have no definite 
evidence of this. 
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SUMMARY 


Methods, requiring only low -speed centrifuges, are 
described for the purification of tomato bushy stunt 
and tobacco mosaic viruses. 
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These preparations appear to contain virus that 
is weight for weight as infective as that in clarified 
sap. There is evidence, however, that the tobacco 
mosaic virus particles have undergone some aggre- 
gation. 
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The Inactivation of Tomato Bushy Stunt Virus 
by Heating and Freezing 

By F. C. BAWDEN and N. W. Rothamsted Experimental Station, Harpenden, Herts 

{Received i September 1942) 


We have often stressed the fact that there is some 
uncertainty over the exact name most suitable for 
use when speaking of purified virus preparations. 
It can hardly be questioned that the specific nucleo- 
proteins, isolated from infected plants, bear some 
relationship to the viruses themselves, and we have 
used the term viruses when referring to these pro- 
teias. The exact relationship between these proteins 
and the viruses as they are produced in the infected 
cells, however, is by no means clear. 

All the viruses with which we have worked can 
be rendered non-infective without changing their 
serological reactions, and such inactive virus pre- 
parations have physical properties at present indis- 
tinguishable from those of active virus. Because of 
this, physical and serological tests cannot be taken 
as proving the homogeneity of virus preparations. 
With viruses such as potato ‘X ’ and tobacco mosaic 
complete loss of infectivity without loss of sero- 
logical activity has been produced by X-rays, ultra- 
violet light, H.CHO, HgOg and HNOg, but the 
activity and homogeneity of purified preparations 
of these viruses is affected by the tendency of the 
particles to aggregate linearly [Bawden & Pirie, 
1937; 19386]. Tomato bushy stunt and tobacco 
necrosis viruses do not appear to aggregate in this 
way, but they are more easily rendered non-infective 
by ageing in vitro, moderate heating and treatment 
with alkali. 

In the method we described for the isolation of a 
crystalline protein from plants suffering from bushy 
stunt, the sap was heated to about 60° to facilitate 


clarification [Bawden & Pirie, 1938a]. Wenowloiow 
that this treatment must have led to considerable 
inactivation, and Stanley [1940] showed that more 
infective preparations could be produced by differ- 
ential centrifugation. More infective preparations 
can also be made by precipitation methods if heating 
is omitted. The method of isolation we describe 
[Bawden &; Pirie, 1943] gives a crystalline product 
that weight for weight is as infective as the virus 
in clarified infective sap. At the moment this is the 
only test available for estimating full activity, but 
it is not necessarily a valid one. First, it is possible 
that inactivation without loss of serological activity 
occurs in the living plant, so that the virus in the 
sap is already a mixture of infective and non- 
infective particles. Secondly, sap may contain some 
inlaibitor of infectivity; if this is so, some inactiva- 
tion could occur during purification but pass un- 
noticed, as it would be balanced by the removal of 
the inhibitor. Until more sensitive methods for 
detecting activity are developed, so that it can be 
shown that one virus particle can cause infection, 
it is not likely to be possible to prove that any virus 
preparation is homogeneous. 

The main conclusions of our earlier paper on 
tomato bushy stunt virus were confirmed by Stanley 
[1940]. There are some apparent disagreements, 
however, and the significance of these is discussed 
in this paper, which deals mainly with the effects of 
heating and freezing the virus. The methods of 
testing were similar to those described previously 
[Bawden & Pirie, 1938a]. 


Vol. 37 


INACTIVATION OF PLANT VIRUSES 


71 


EXPERIMENTAL 

The effect of heating purified virus preparations 

The actual thermal inactivation point of bushy 
stunt virus, i.e. the temperature at which 10 min. 
heating gives complete inactivation, has varied in 
different tests between 70 and 85°. The variation 
may depend partly on the concentration of the virus 
solution heated, but it appears chiefly to be deter- 
mined by the susceptibility of the host plants used. 
The same inoculum may produce 10 or more times 
as many local lesions in one lot of test Nicotiana 
glutinosa plants as in another, and it is obvious that 
the term complete inactivation has no real meaning 
in these conditions, for whether or not infection is 
obtained depends first on the concentration of the 
inoculum and secondly on the susceptibility of the 
host. In general, the younger the N. glutinosa plants 
the more lesions per leaf are obtained. In mode- 
rately developed plants, there is an increase in the 
susceptibility of leaves from the base to the top so 
that the same inoculum may only give one or two 
lesions on a basal leaf but give 50 or 60 on leaves 
nearer the top. This is in striking contrast to results 
with tobacco mosaic virus on the same host where 
there is a gradient of increasing susceptibility from 
the top to the base. With tobacco mosaic virus the 
differences are less pronounced, but if solutions of 
the two viruses are rubbed on opposite halves of 
the same leaves, those at the top of the plant will 
often give more, lesions with bushy stunt than 
with tobacco mosaic virus, whereas those at the 
base will bear great numbers if rubbed with 
tobacco mosaic but few or none with bushy stunt 
virus. 

Table 1. Effect of heat on purified bushy stunt virus 
made with and without previously heating infective 
sap 

Virus from Virus from 



unheated sap 

A 

heated 

sap 


r 

Av. no. 

' 

Av. no. 



of lesions 


of lesions 


Serological 

per leaf 

Serological 

per leaf 

Temp. 

titre 

at 10"^ 

titre 

at 10-3 

Unheated 

1/600,000 

83 

1/600,000 

78 

45° 

1/600,000 

58 

1/600,000 

55 

50° 

1/600,000 

33 

1/600,000 

36 

55° 

1/600,000 

16 

1/300,000 

19 

60° 

1/600,000 

'5 

1/600,000 

12 

70° 

1/600,000 

3 

1/600,000 

8 

80° 

1/600,000 

1 

1/600,000 

4 

85® 

*No thing at 

0 

^Nothing at 

0 


1/5000 


1/5000 



Tested after centrifugation ; the infectivity results are 
expressed as the average number of lesions per leaf on 
N. glutinosa. 

Influence of temperature. Table 1 shows the effect 
of 10 min. heating at various temperatures on two 


preparations of virus made in different ways, one in 
which the infective sap was previously heated and 
the other not. Both were heated as 0- 1 % solutions 
in 0*1 M phosphate buffer at pH 6, the preparation 
from heated sap was tested for infectivity without 
further dilution and the other was diluted 1:10 so 
that the two were comparable in infectivity. Al- 
though loss of infectivity is only complete after 
heating at 85°, some infectivity is lost at tempera- 
tures as low as 50° and most of it below 60°. By 
contrast, the precipitation titre is unaffected by • 
heating up to 80°, but a little heating above this is 
sufficient to destroy the serological reactions. This 
destruction is accompanied by the separation of a 
coagulum. Thus there is a wide range in the tem- 
peratures over which loss of infectivity can be 
measured, but loss of serological activity resembles 
other examples of protein denat oration in pro- 
ceeding at a measurable rate only within a narrow 
temperature range. In this respect tomato bushy 
stmit virus resembles the tobacco necrosis viruses 
and differs from other viruses investigated, which 
lose both infectivity and serological activity pari 
passu in a narrow temperature range [Price, 1938; 
1940; Bawden, 1941]. Virus preparations that have 
been largely inactivated by heating during the pre- 
paration lose their residual activity according to 
much the same law that governs the loss of activity 
by fully active preparations. 

Influence of duration of heating. Preparations 
with no demonstrable infectivity can be produced 
by heating at temperatures well below the thermal 
inactivation point, but prolonged heating is neces- 
sary. Thus in pH 6 phosphate buffer at 50°, a 0*5 % 
virus solution lost half of its infectivity in 15 min. 
three-quarters in 1 hr. and all in 24 hr,; at 60° the 
solution was non-infective after 1 hr. and at 70° 
after 30 min. Such heated preparations do not 
change their appearance, they retain their full sero- 
logical activity and crystallize as easily and in the 
same form as unheated ones. 

Table 2. The inf ectivity of fractions from a mixture 

of infective and non-infective sap 

» ' Av. no. of lesions 

per leaf at 



Virus preparation 

XO-4 

10“3 

1. 

Active virus 

80 

41 , 

2. 

Inactive virus 

0 

0 

3. 

Mixture of 1 part of no. 1 with 

4 parts of no. 2 

46 . 

18 

4. 

1st crystalline fraction from no. 3 

43 

, 15 

5. 

2nd crystalline fraction from no. 3 

38 

16 


We have attempted to fractionate preparations 
of partially inactivated virus by crystallization but 
have had no success. As many as five crystalline 
fractions have been made from preparations derived 
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from heated sap, but they all had similar infec- 
ti\hties. Artificial mixtui’es of infective and non- 
infective virus have also been made and sub- 
jected to fractional ciystaliizatioii, without any 
separation. The results of one such test are given 
ill Table 2. 

Influence of pH. The vhiis is most stable around 
joH 6, but lieating at any pH value between 4 and 9 
can cause loss of infectivity without a corresponding 
loss of serological activity. At pH 4, however, de- 
naturation occurs with much less heating than at 
higher values. In pH 6 ikf/lO phosphate buffer, 
0*1 % solutions become opalescent after 10 min. at 
80*^ and still further heating is necessary to cause 
precipitation. In pH 4 M/10 phthalate buffer, on 
the other hand, 0*1 % solutions are opalescent after 
10 min. at 60° and 10 min. at 70° causes precipi- 
tation. 

Heating for 10 min. at 60° and pH 4 has no effect 
on the serological activity, but material that is 
flocculated specifically by virus antiserum can be 
removed from such solutions by centrifugation for 
a few minutes at 5000 r.p.m. Heating for longer 
periods in these conditions increases the amount of 
this material, but it also causes the spontaneous 
separation of a precipitate. At pH 6 more intense 
heating is needed to produce this effect. Table 3 

Table 3. Effect of heating purified bushy stunt virus 


solutions pi? 6 and 80' 

° for various times on the 

serological activity 




Serological titre 

Time of 

f 

^ . 

heating Appearance of 

Before 

After 

min. heated fluid 

centrifuging 

centrifuging 

0 Clear 

1/320,000 

1/320,000 

7*5 Slightly opalescent 

1/320,000 

1/160,000 

15 Opalescent 

1/160,000 

1/ 40,000 

30 Opalescent and slight 

* 1 / 80,000 

1/ 5,000 

flocculation 



60 Considerable floccula- 

nj 10,000 

No ppt. at 

tion 


1/2,000 


* Tests made on supernatant fluid after floccules had 
settled. 

shows the results of heating 0*1 % solutions of virus 
in 0*1M phosphate buffer at pH 6 fdr various 
times at 80°. 

The effect of miscellaneous treatments. The nature 
of the changes in the virus particle when it is 
rendered non-infective by an amoimt of heating 
insufficient to cause denaturation is unknown. 
As treatment with H 2 O 2 has a similar effect, it was 
thought that oxidation might be responsible. Tests 
were made therefore to compare the effects of 
heating virus solutions at pH 6 in air and in vacuo, 
but no differences were foimd. In one such test, the 
unheated control gave an average number of lesions 
par leaf at 10“^ lO-^ and 10”*® of 79, 57 and 22, 
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while those heated in air and in vacuo for 10 min. at 
60° gave 19, 6 and 1*5 and 21, 8 and 2 respectively. 
Similarly, attempts to preserve the infectivity of 
bushy-stunt virus in expressed sap by the addition 
of reducing agents has failed. Indeed, the addition 
of 5 % NagSOg caused a rapid inactivation of a type 
resembling that caused by heating or ageing. Within 
24 hr. at room temperature the sap had lost its 
infectivity, but from it we isolated a crystalline and 
serologically active product indistinguishable from 
a normal virus preparation except for its complete 
lack of infectivity. This type of inactivation is not 
refiected by any change in the sedimentation con- 
stant or in the phosphorus or carbohydi’ate contents. 
This is shown in Table 4, where sedimentation con- 
stants and analytical figures for virus preparations 

Table 4. Sedimentation constants and carbohydrate 
cmid phosphorus contents of active and non-infective 
purified virus preparations 

Phos- Carbo- 




pliorus 

% 

hydrate 

0/ 

Fully active 
virus 

5^20 = 130-9 X 10-13 

/o 

1-47 

/o 

6-0 

Virus inacti- 
vated by heat- 
ing at 59-60° 

^20 = 130-1 X 10-13 

1-44 

6-5 

Virus inacti- 
vated by ageing 

^20 = 130-2 x 10-1® 

1-53 

6-6 


made non-infective by various treatments are given. 
The analytical methods were those used in our 
earlier paper. Sedimentation constants were mea- 
sured by Dr A. G. Ogston and are set out in the 
Addendum to this paper. 

The effect of freezing purified virus preparations 

We have already briefly noted the inactivation 
of purified preparations of bushy stunt virus by 
freezing [Bawden & Pirie, 1938a]. These experi- 
ments were made only with dialysed solutions con- 
taining 5-20 g./l. and near the isoelectric point 
[pH 4*11, McFarlane & Kekwick, 1938]. Stanley 
[1940]' found that freezing infected leaves did not 
destroy the virus, and we have also found that 
freezing plant tissues or expressed infective sap does 
not inactivate. We have now made experiments on 
the effects of freezing the virus in different condi- 
tions and find that the rate and extent of inactiva- 
tion are affected by a wide range of variables. The 
variables weffiave considered are concentration of 
virus, pH, duration of freezing, temperature to 
which the preparation is taken, and the presence 
of other materials. 

Unless otherwise stated, the virus preparations 
used in this work were purified and ialysed. So 
far as we know they were free from any material 
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other than virus. Some preparations were made by 
the old method, ’which involved heating the sap to 
60°, and some by the method described in the pre- 
ceding paper. Several comparisons have been made 
in which these two products were frozen under the 
same conditions and no differences have been found 
in their behaviour. 

No experiments made at temperatures below 
-20° are reported in this paper. Thus, freezing 
means the more or less complete separation of 
crystalline ice, and our experiments have little in 
common with those [e.g. Luyet, 1937; Luyet & 
Thoennes, 1938] in which vitrification is induced 
by sudden, extreme cooling. 

Ail the experiments on freezing were carried out in 
3 X I in. test tubes. The mixture of virus solution and the 
other components of the system was carefuUy pipetted in 
to form a pool at the bottom of the tube wuthout wetting 
the walls; in general 0- 1-0*4 ml. was frozen. A metal stand, 
previously cooled, held the tubes in a nearly horizontal 
position ill a part of the refrigerator at the required tem- 
perature. Freezing generally occurred after a few minutes, 
but if it did not the mixture was seeded with about 0*005 ml. 
of ice carried on a cooled rod. In some experiments, espe- 
cially those in which only short periods of freezing were 
used, the tubes w^ere partly immersed in an ice and alcohol 
freezing mixture at the required temperature. This was in 
a glass vessel so that the moment of freezing could be 
easily noted. No differences have been detected between 
mixtures freezing at the slightly different rates that these 
different procedures probably involve. 

After thawing, the amount of insoluble material w'as 
estimated by eye; apparently complete precipitation was 
called 3, substantial precipitation but a still opalescent 
supernatant 2, and a trace only of precipitate was called 1. 
The pH of the mixture was brought to 5*5 by the addition 
of pH 6*0 phthalate buffer or, in the experiments run at 
low pH’s, phthalate to which an excess of NaOH had been 
added. Before testing for serological activity and infec- 
tivity the mixture was diluted with 0*9% NaOl solution 
so that its virus content, in terms of the initial amount of 
virus present, was 0*2 g./L, and centrifuged. 

Influence of the concentration of rirus. Table 5 
shows that, at pH. 4* 1 and 2 hr. freezing, inactiva- 

Table 5. Effect of freezing purified preparations of 

virus at pH 4-1 ; influence of virus concentration 


Cone, 
of virus 
(g*/!*) 

Amount of material 
insoluble after 
thawing 
(arbitrary units, 
see p. 73) 

Serological end-point 

20*0 

3 

No ppt. at 1 : 1,000 

10*0 

3 

1 : 1,000 

5*0 

3 

1 : 4,000 

2*5 

■ 2 

1 : 32,000 

1*25 

1 

1 : 128,000 

Unfrozen control 0 

1 : 320,000 


The virus was dissolved in if /20 phthalate buffer solu- 
tion at pH 4*1 and the samples were held frozen at - 10° 
for 2 hr. 
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tion is complete only when the virus concentration 
exceeds 10 g./l. It also shows that the inactivated 
virus becomes insoluble. The results here are in good 
agreement with those of Nord and his collaborators 
in a series of papers on ‘ cryolysis e.g. Nord [1933], 
Nord & Lang [1935], Hoizapfel & Nord [1938 a, 6] 
and Kausche & Hoizapfel [1940]. They find, using 
a wide range of colloidal materials, that changes 
leading to an aggregation of the particles are fa- 
voured by an increase in the concentration of the 
solution that is being frozen, and that dilute solu- 
tions tend to disaggregate. An aggregation leading, 
as with bushy stunt virus, to the separation of a 
precipitate was not observed in Nord’s systems, but 
it is a very well-lmown result of freezing other 
systems; soil [Jung, 1931] and normal leaf protein 
[Bawden & Pirie, 1938 c] may be mentioned as 
examples, and the similar behaviour of agar is the 
basis of the methods used for its commercial pre- 
paration. 

Influence of pH. Although Table 5 shows that 
concentration is an important factor in determining 
the degree of inactivation on freezing, pH is even 
more important. When solutions of the same con- 
centration as those listed in Table 5 are frozen at 
pH 3*5, for example, even the most dilute is com- 
pletely inactivated. Inactivation also occurs in 
solutions more dilute than these. At pH 5, on the 
other hand, inactivation is incomplete even after 
12 hr, freezing. The results of an experiment in 
which a series of tubes containing 1 g. virus/1, were 
frozen at different pH values are set out in Table 6. 
It is clear from this experiment that an acid solution 
favours inactivation. 


Table 6. Effect of pH on purified virus preparations 


pH 

Amount of materi 
insoluble after 
thawing 
(arbitrary units, 
see p. 73) 

3*5 

3 

4*0 

3 

4*5 

2 

5*0 

1 

5*5 

0 

6*0 

0 

Unfrozen control 0 


1 g./l. solutions were held 
ili/20 phthalate buffer. 


Serological end-point 

Less than 1 : 5,000 

1: 40,000 
1 : 80,000 
1 : 200,000 
1 : 400,000 
1 : 400,000 
1 : 400,000 

zen at - 10° for 12 hr. in 


Influence of duration of freezing. The time for 
which the material is held frozen can also affect the 
extent of inactivation. In general, the amount of 
inactivation increases with the duration of freezing. 
Clear-cut results can be obtained when the differ- 
ences in duration of freezing are large, but, as 
perhaps might be expected, we have been unsuc- 
cessful in getting consistent results when comparing 
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times of freezing that do not differ greatly from one 
anotliei*. Table 7 illustrates these phenomena at 
pH 4-5; at other pH values the extent of inactiva- 
tion also depends on the duration of freezing. Under 
the conditions of these experiments all the liquid 
has apparently solidified within a few seconds of the 


Table 7. Effect of duration of freezing on 
purified virus preparations 


Amount of material 





insoluble after 




Dura- 

thawing 



Av. no. of lesions 

tion of 

(arbitrary 



per leaf at 

freezing 

units, 

Serological 

. A 

f 

^ 

(min.) 

see p. 73) 

end-point 

10-4 

10-s 

0 

0 

1 

320,000 ■ 

133 

57 

10 

0 

1 

320,000 

131 

31 

40 

0 

1 

160,000 

124 

18 

225 

1 

1 

160,000 

113 

28 

450 

1 

1 

160,000 

47 

15 

1465 

3 

1 

40,000 

5 

1 

1930 

2 

1 

80,000 

5 

1 

2410 

3 

1 

20,000 

3 

1 


0-1 ml. lots of 10 g./l. virus solution in 1//30 phthalate 
buffer at pH 4-5 were frozen for the time stated. 


first signs of ice formation, for there is considerable 
supercooling and the volumes of fluid are small, 
whereas the surface exposed to cold and the heat 
capacities of the vessel and stand are large. This 
apparently almost instantaneous solidification, how- 
ever, does not necessarily imply immediate complete 
freezing. Moran [1926], by following the volume 
changes in a gel containing 44 % of gelatine, showed 
that freezing was only complete after .26 days at 
— 11°, and Kistier [1936] reached a similar con- 
clusion with emulsions of water and toluene. The 
latter reviews the literature of the freezing of 
colloids as does Blanchard [1940]. Our mixtures 
have a much lower colloid content than those used 
in the experiments of the workers referred to above, 
and we have no evidence that incomplete inactiva- 
tion in short exposures to cold is in fact due to 
incomplete freezing at — 10°. However, this is the 
simplest explanation of our results and may well be 
adopted until some evidence against it is forth- 
coming. 

Influence of freezing to different temperatures and 
in the presence of various other materials. There are 
three obvious ways in which another solute may 
affect the inactivation of bushy stunt virus by 
freezing. First, if the eutectic temperature of the 
substance added is lower than the temperature to 
which the mass is frozen some of the solution will 
remain imfrozen; if enough of this solution is avail- 
able to dissolve the virus, that is to say if the ratio 
of solute concentration to virus concentration is 
high enough, there is no reason why the virus should 
be affected by the freezing. In the second place, it 
may delay the establishment of complete freezing 
throughout the mass of the material ; if a substance 


is acting in this way an increase in the duration of 
freezing should neutralize the effect. Finally, the 
solute may combine with the virus or precipitate it 
from solution; the complex or the precipitate may 
have a different stability from the normally dis- 
solved virus when the surrounding water is frozen. 
Phthalate buffer was present in all the freezing 
experiments described in this section, and also in 
the tliree described above, in which it was necessary 
to control the pH. The solubility of phthalate is so 
low that we have no reason to think that it exerts 
any protective action at — 10° nor have any experi- 
ments suggested it. All the data on eutectic tem- 
peratures and the concentration of the eutectic are 
taken from Landolt and Bornstein’s Tables. 

Table 8 illustrates the first mechanism. Probably 
because of the length of time for which the samples 
were held frozen these results were clear cut, and 
the virus was either inactivated or else retained its 
infectivity and serological activity substantially 
unimpaired. Table 9 illustrates the first and second 
mechanisms, KNO3 delays the inactivation some- 
what, and NaCl, in spite of its low eutectic, does 
not, at this concentration, protect indefinitely. The 
amount of water that would be held unfrozen at 
— 10° by the 0*27 mg. of NaCl that is in these 0- 1 ml. 
test samples is 0-81 mg. This amount is apparently 
insufficient for the permanent stability of 1 mg. of 
virus xmder these conditions. In another experi- 
ment with 10 g. virus/1, at pH 4*5, inactivation was 
not appreciable in 24 hr. at — 10° in the presence of 
0*56 % NaCl but was nearly complete with 0-17 %. , 
The results in a series of tubes containing the latter 
mixture were very variable at shorter times of 
freezing; this suggests that we are here at about the 
limit at which the amount of water held unfrozen is 
insufficient to preserve the virus. This hypothesis 
offers an explanation of the greater stability of 
dilute virus solutions for, other things being equal 
and in the presence of unavoidable traces of salt, 
more water is available in them for each mg. of 
virus. The protective action of glucose is also shown 
in Table 9 ; with as little as OT % glucose there is 
some delay in the inactivation. 

Many attempts have been made to test the pro- 
tective effect of salts which have eutectic tempera- 
tures above the temperature of freezing, and which 
will precipitate the virus. Crystals with the usual 
dodecahedral form can be made by precipitating 
the virus at 0° with FeS04, MgSO^, ZnS04, MnS04 
and Ha2S203; the eutectic temperatures of these 
salts are -1-8, -3-9, -6*5, -10-5 and -11-0° 
respectively. In some experiments these salts have 
been found to exert a greater protective effect than 
salts such as CUSO4, KHOg, KOI and BaClg that do 
not precipitate the virus at 0°, but we have not 
been able so to define the conditions that con- 
sistent results can be obtained. 
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Table 8. Effect of salts with different eutectic temperatures on purified virus preparations 





Amount of material insoluble 




Cone, at the 


after freezing at 




‘ eutectic of 

g. of salt /100 g. 


Activity after. 



salt /100 g. 

of water in 

- 10 ° - 20 ° 

thawing from 


Eutectic 

of water 

the solution 

(arbitrary units, , 

...A 

Salt 

temp. 

(g.) 

frozen 

see p. 73) 

^-10° -20° 

KNO3 

0 

1 

12*2 

4*9 

3 3 


KCl 

- 11 * 1 ° 

24*0 

9*6 

1 

-1- 

NH4CI 

~ 15*8° 

22*9 

9*2 

0 3 


NaCl 

- 21 * 2 ° 

28*9 

11*5 

0 

"h • 

MgCk 

-33*6° 

27*5 

11*0 

0 0 

H- + 


Each test was carried out on a solution containing 40% of the eutectic concentration of the salt, 1‘4 g. virus/L and 
if /lO phthalate bujffer at pH 4-4. In all cases the duration of freezing was 68 hr. 

Table 9. The protective effect of different materials on purified virus preparations 

In all these experiments 0*1 ml. lots of a 10 g./l. solution of virus in Mf25 phthalate buffer at pH 4*0 were kept frozen 
at - 10 °. In addition the fluids contained the following substances. 

Amount of material Av. no. of lesions 


insoluble after tha^vung per leaf at 


Time of 


(arbitrary units, 

Serological 

r 


freezing 

Salt added 

see p. 73) 

end-point 

10-s 

10-6 

1 min. 

No addition 

1 

1 : 320,000 

63 

8 


1*6% KNO 3 

0 

1 : 320,000 

29 

7 


0*27% NaCl 

0 

1 : 320,000 

30 

12 


1-5% glucose 

0 

1 : 320,000 

49 

8 

1 hr. 

No addition 

3 

No ppt. 

7 

1 


1 * 6 % KNO 3 

2 

1: 40,000 

20 

1 


0*27% NaCl 

0 

1 : 320,000 

20 

6 


1*5% glucose 

0 

1 : 320,000 

23 

3 


24 hr. No addition 3 

1*6%KN03 3 

0*27% NaCl 1 

1*5% glucose 0 

0 No addition 0 


Effect of freezing infective sap 

In infected leaves and in expressed sap, bushy 
stunt virus is apparently unaffected by freezing for 
days or even weeks. The results that ‘have been 
described above give ample reason for this. Even 
the most highly infective sap has only a quarter of 
the virus concentration that is necessary for inacti- 
vation at the isoelectric point. Tomato sap has 
never been found with a pH lower than 5*6, and the 
salts and sugars in the sap supplement these other 
protective effects. After dialysis, infective sap is 
still not inactivated if it is frozen at its own pH, 
but it is inactivated if acidified before freezing; this 
is shown in Table 10. The sap from minced tomato 
leaves was frozen, centrifuged and dialysed for 48 hr. 
against frequently changed distilled water. After 
centrifuging again, it contained 1*8 g. solids/L and 
was at pH 6. Samples were adjusted to pH 3, 4 
and 5 with NjlO H2SO4, and 2 ml. lots were frozen 
at — 10° for 14 hr. They were all centrifuged after 
thawing, although there was no precipitate in the 
one at pH 5, and tested. It is clear that with this 
dilute virus solution, inactivation took place only 


No ppt. 

0 

0 

No ppt. 

0 

0 

1 : 80,000 

3 

0 

1 1 320,000 

18 

5 

1 : 320,000 

48 

22 


Table 10. The effect of pH on the freezing 
of infective sap 

Serum precipitation Av. no. of lesions 
end-point per leaf 

pH of f ^ A ^ ^ 

sap Frozen Unfrozen Frozen Unfrozen. 

5 1:8 b 1:8 64 85 

4 1:8 1:8 68 91 

3 No ppt. 1:8 6 65 

at pH 3; the serum precipitation end-point suggests 
that this dialysed sap contained about 0*02 g. 
virus/L 

Virus is also protected by the colloidal consti- 
tuents of sap from inactivation by freezing. The 
effect is not very definite, but a solution containing 
5 g. virus/l. and at pH 4*0 was only half inactivated 
in 18 hr. at — 9°, when half of the final volume of 
solution consisted of dialysed healthy sap prepared 
as in the preceding experiment. When the propor- 
tion of sap colloids was only one-sixth the activity 
fell to one-eighth, and with less sap than this there 
was no protection. The coUoidal material present in 
sap prepared in this way is largely polysaccharide. 
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but, since it also contains 3--4 % of a few experi- 
ments on protection by proteins have been made. 
Dialysed preparations of rabbit-serum albumin and 
pseudoglob iilin were used and, as Table 11 shows, 
they had a substantial protective effect. 

Table 1 1 . The protective effect of proteins on 
virus exposed to f reezing 

Each mixture contained 2 g. of virus/1, dissolved in df/20 
pH 3*5 phtlialate buffer solution, the addition specified 
was also made. AH except the control were kept frozen 
at - 10^ for 14 hr. 


Amount of material 




insoluble after 


Av. no. of 


thawing 

Serum 

lesions 


(arbitrary 

precij)i- 

per leaf 


units. 

tation 



*4 

Addition 

see p. 73) 

end-point 

10-4 

10-5 

None 

3 

0 

0 

0 

I. *6% albumin 

2 

1: 80,000 

6 

7 

0*5% albumin 

3 

1: 40,000 

7 

0 

1-6% pseudo- 

■ 1 

1 : 320,000 

48 

11 

globulin 





Unfrozen control 0 

1 : 320,000 

169 

53 


Loss of infectivity without loss of serological activity 

In general, loss of infectivity in frozen samples of 
bushy stunt virus is accompanied by a correspond- 
ing loss of serological activity and by the production 
of insoluble materials. However, inactivation by 
freezing, as by heating, is a complex process, and 
loss of infecti vity is produced by the earliest changes. 
It is more difficult to make serologically active but 
non-infectiv© preparations by freezing than by 
heating, but the results in several of our tables show 
that some of the frozen samples have suffered a 
greater loss of infectivity than of serological activity. 

As with so many other aspects of this study, 
conditions cannot be defined which will always give 
a separation of the two activities on freezing. It is 
probable that the lack of fine control over the rat© 
of freezing accounts for much of the variability. 
The most consistent results have been obtained with 
0*2 % virus solutions in lf /10 phthalate or acetate 
buffer at pH 4-25 kept at — 10° for 2 hr. In about 
half the tests under these conditions, preparations 
have been non-infective although fully active sero- 
logically, and no other conditions have been found 
that give a higher proportion of successes. Inacti- 
vation of this type has no effect on the sedimenta- 
tion constant. Whien such non -infective preparations 
were set to crystallize with most of the 

material crystallized in the form of the usual dode- 
cahedra, but the supernatant fluids showed a slight 
shimmer when shaken. Such an effect has not been 
noticed during the crystallization of normal pre- 
parations of bushy stunt virus, although it has been 
dm*ing attempts to crystallize serologically active 
preparations made non-infective by heating in alka- 
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line solution. On long standing in the presence of 
(^ 1 - 14)2804 a few birefringent crystals have sepa- 
rated from virus preparations mad© non-infective, 
but not denatured, by freezing. 

The fact that freezing can produce this type of 
inactivation needs to he remembered when virus 
preparations are being mad© from frozen leaves or 
sap, for much of the non-infective virus is indis- 
tinguishable, by the criteria we have used, from 
fully active virus. It is perhaps unlikely that inacti- 
vation of this type would occur under the conditions 
obtained in frozen sap, but if it did, infective and 
non-infective virus would not be separated by the 
ordinary purifl-cation procedure. 

DISCUSSION 

So many treatments can cause loss of infectivity 
without producing any appreciable changes in 
physical, chemical or serological properties, that 
attempts to assess the homogeneity of purified virus 
jDreparations are likely to give indecisive results 
until much more sensitive methods of testing for 
infectivity are discovered. The local lesion method 
is adecjuat© for comparing the relative activity of 
different preparations, but it tells little or nothing 
about the absolute activity. The fact that the same 
virus preparation can give widely varying numbers 
of lesions on different plants of the same species, or 
on different leaves of the same plant, shows that 
the number of lesions formed in any one test bears 
no fixed relationship to the quantity of active virus 
in the inoculum. Even when using the most sen- 
sitive leaves, however, some thousands of times the 
amount of virus has to be applied that would be 
needed in theory if one virus particle can cause 
infection. This discrepancy may arise because of the 
wastage of inoculum in the relatively crude methods 
of inoculation used, or it may be that large numbers 
of active virus particles are needed to cause one 
lesion. The latter possibility could be tested by the 
method used with vaccinia [Parker, 1938; Haldane, 
1939], that is to say, by determining the proportion 
of inoculations that fail to give any lesions when 
different amomits of virus are present in the ino- 
culum. An equally probable explanation, however, 
is that even the best preparations of virus yet made 
consist largely of virus that has lost infectivity but 
not serological activity. Although this type of 
inactivation is a complicating factor in work on the 
purification of viruses, its occurrence makes viruses 
particularly suitable material for studying the 
earliest changes that lead to denaturation. With 
proteins that have no specific biological activities, 
changes can only be detected when the physical, 
chemical or serological properties have been altered 
measurably. 

Ideally, a pur© virus preparation would consist of 
particles all identical in size, constitution and ability 
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to cause infeotioiij but there is no evidence that this 
ideal has ever been achieved. Deviations from it 
can arise in four main ways. First, the purified 
preparations may still contain material that is either 
a constituent of the normal host or a product of 
infection that is inessential for infectivity. The de- 
tection of such contaminants should not present 
serious problems, and it is probable that prepara- 
tions of some viruses have been made substantially 
free from them. In this connexion it should be 
remembered that, although it may be legitimate to 
regard the more active of two preparations with 
equal solid content as the more pure, all contami- 
nants do not necessarily reduce infectivity and 
serological activity [Pirie, 1940]. Secondly, even 
when all the particles in a virus preparation are 
fully active, these particles may be of different 
kinds. Most preparations of tobacco mosaic virus 
fall into this category, for even cultures derived 
from single local lesions are often mixtures of virus 
strains [Jensen, 1936]. Thirdly, during the course 
of isolation some or all of the virus particles may 
have become modified so that, although the final 
product consists solely of virus particles or of par- 
ticles derived from them, these may vary in activity. 
The detection of inactive contaminants arising in 
this manner presents serious problems only when 
the modification is slight. Finally, all the virus 
particles in an infected leaf may not be equally 
infective although inseparable by the available 
methods. Particles less active than the ideal may 
be stages in the production of fully active virus or 
they may be particles that have suffered inactiva- 
tion. The first alternative would offer a ready ex- 
planation for Spencer’s [1941] observation that, 
weight for weight, tobacco mosaic vii'us from re- 
cently infected plants is less infective than virus 
from plants infected for longer periods. The second 
might also be expected as it is analogous to the type 
of inactivation that occurs in sap extracted from 
plants suffering from bushy stunt or tobacco ne- 
crosis. 

In the past the thermal inactivation point has 
been widely used as a property for characterizing 
individual viruses, and with most viruses different 
workers have usually agreed within narrow limits 
about the temperature at which 10 min. heating 
causes loss of infectivity in expressed sap. The data 
on bushy stunt and tobacco necrosis viruses, how- 
ever, have been conflicting. Provided the pH and 
other conditions of heating are controlled, repro- 
ducible results are readily obtained with potato 
virus ‘X’ and tobacco mosaic virus. But with the 
same preparation of bushy stunt virus, the thermal 
inactivation point may vary over 15° in successive 
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tests. These differences seem to arise because of the 
different coefficients of thermal inactivation for the 
different t 5 rpes of viruses. Loss of infectivity with 
virus 'X’ and tobacco mosaic virus is closely linked 
with denaturation and coagulation of the protein 
and it has a large temperature coefficient, so that 
the precise temperature to wdiich the preparation is 
heated is of the greatest importance in determining 
loss of infectivity. With bushy stunt virus, on the 
other hand, loss. of infectivity is not closely linked 
with denaturation and the former has a small tem- 
perature coefficient. Thus the exact temperature of 
heating is of little more importance in determining 
the apparent point of inactivation than other factors 
such as concentration of inoculum and susceptibility 
of the test plants. With such viruses, determinations 
of the thermal inactivation point are obviously of 
reduced value as a diagnostic character. Measure- 
ments of the rate of inactivation at different tem- 
peratures, however, may become of value in dijffer- 
entiating between those viruses with widely different 
coefficients of thermal inactivation. In our earlier 
paper on bushy stunt virus, we stressed inactivation 
by freezing as a property that sharply differentiated 
this from the other viruses we had studied, for none 
of the others had been affected by freezing. How- 
ever, we did not then realize that the inactivation 
of bushy stimt virus was so dependent on the precise 
conditions of freezing, and other viruses may be 
similarly inactivated if the freezing is done under 
more critical conditions. 

SUMMABY 

Tomato bushy stunt virus loses its infectivity when 
heated insufficiently to cause denaturation and loss 
of serological activity. The temperature coefficient 
for loss of infectivity is small and for loss of sero- 
logical activity is large. The amount of heating 
needed for denaturation varies with the pK, 

No differences have been found between the 
chemical and physical properties of non-infective, 
but serologically active, material and those of fully 
active preparations. 

The rate of inactivation by freezing is increased 
by increases in the concentration of the virus, in 
the duration of freezing and in the acidity of the 
fluid. The virus is protected from inactivation by 
salts and some other substances. The efficiency of 
different salts depends on the salt :ice : water eutectic 
temperature. 

In general, loss of infectivity is accompanied by 
the separation of a precipitate and loss of serological 
activity, but in some conditions freezing destroys 
infectivity without altering serological activity. 
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Addendum : Examination of Bushy Stunt Virus in the Ultracentrifuge 


By a. G, OGSTON, Department of Biochemistry, Oxford 
with the technical assistance of W. Weinstein 


Nine samples of bushy stunt virus were examined 
in a Svedberg oil-turbine uitracentrifuge by the 
‘diagonal sehlieren’ method [Philpot, 1938]. The 
speed of rotation was 300-310 rev./sec. ; the solu- 
tions, of concentration 0-35 or 0*25 % in 0*likf NaCl 
with O'OlJf buffer (acetate 4-7 or phosphate 
pH 6*8), were contained in a 12 mm. cell. 


Meniscus 

4 


381 M 


381 J 


Fig. 1. 


The results and details are given in Table 1 and 


All the preparations (except 38 1 M which contains 
a small amount of a more rapidly sedimenting com- 
ponent) appeared to be homogeneous. In tiiree 
cases the fraction of the total refracting protein 
which appears in the boundary was measured by 
the method of Philpot [1939]; these figures are 
given in Table 1 ; but because of the sharpness of 
the boundaries, and the smallness of the areas 
measured, the figures are not very accurate; they 
indicate that the samples are largely homogeneous. 

The sedimentation constants obtained here agree 
with the mean value obtained in five other labora- 
tories on Lauffer & Stanley’s [1940] virus, including 
the value of 133 obtained by McFarlane. It differs 
significantly from the value of 146 which McFarlane 
& Kekwick [1938] obtained on an earlier virus pre- 
paration by Bawden & Pirie [1943], but I am asked 
by these authors to state that this value is probably 
too high because of irregularities of temperature in 
the rotor of their Svedberg equilibrium centrifuge, 
which they had not suspected at the time. Recently 
the same virus preparation (bushy stunt 515 J of 
Bawden & Pirie) has been examined in both labo- 
ratories (0*25 % in acetate buffer pH 4-0 of ionic 
strength 0-02) and the mean of three values (Ogston) 
was 129, while the mean of four values (McFarlane 
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Table 1. Examination of bushy stunt virus in the ultracentrifuge 


Rim 

Index 

no. 

Type of product 

Cone. 

0/ 

/o 

pH 

3’^^: X 10-1^ 

Fraction in 
boundary 

270 

381J 

Unheated 

0-25 

4‘7 

135-0 

0-87 

269 

368 G 

Unheated 

0*25 

4-7 

130-3 



274 

381 K 

Unheated 

0-25 

4-7 

133-8 



275 

431 B 

Heated after purification 

0-25 

4-7 

130-1 



273 

381 M 

Heated after purification 

0*25 

4-7 

133-4 


266 

363 G 

Prep, from heated sap 

0-25 

4-7 

225 

130-8 

ca. 0-05 

0-93 

267 ' 

363 G 

Prep, from heated sap 

0-25 

6-8 

135-9 

— 

268 

350 B 

Material inactivated by lying in sap 

0*35 

4-7 

130-2 

0-89 

297 

531 A 

Inactivated by freezing 

0*25 

4-7 

132-7 



298 

531 B 

Inactivated bj^ freezing 

0-25 

4-7 

131-1 
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Partition Chromatography in the Study 
of Protein Constituents 

By a. H. GOREON, A. J. P. MARTIN aistd R. L. M. SYNGE, Wool Industries Mesearch Association, 

Torridon, Headingley, Leeds 

{Received 13 October 1942) 


In the present paper we report new applications 
and developments of partition chromatography* 
[Martin & Synge, 1941 6] in the study of amino -acids 
and peptides. We have further developed the tech- 
nique, aiming first at the isolation and identification 
of protein constituents, both amino -acids and pep- 
tides, and secondly, at a reliable micro -analytical 
procedure for the determination of as many different 
amino -acids as possible in the same sample of a 
complete hydrolysate of a protein or peptide. 

Here we describe the more technical aspects of 
the work and give a detailed account of the micro - 
method for monoamino -acids at its present stage of 
development, together with the results obtained 
with it on wool and gelatin hydrolysates. The two 
following papers illustrate further the application 
of our new methods to particular problems in pro- 
tein chemistry. Throughout the present work we 
have employed, as previously, the acetyl derivatives 
of the amino -acids and peptides. 

* We employ the term ‘partition chromatography’ at 
the suggestion of Dr E. Lester Smith, to distinguish it 
from the classical adsorption chromatography. Our earlier 
term ‘liquid -liquid chromatography’ was liable to con- 
fusion with the fractional elution procedure sometimes 
called ‘liquid chromatography’. 


EXPERIMENTAL 

Preparation of silica gel for chromatography 

Adsorption by the silica of the substances under- 
going analysis could seriously alter their behaviour 
from that to be expected were their partition be- 
tween the two liquid phases the only determining 
factor.. There must be an adequate concentration 
of anti-adsorbent substance in the solvent employed 
[Martin & Synge, 19416], Silica gel prepared in 
different ways has very different adsorption pro- 
perties, and the more adsorbent gels may require 
unsuitably high concentrations of. alcohol before 
they are useful. Adsorption by the silica may mani- 
fest itself as ‘ tailing ’ of the solutes undergoing 
analysis, and results in imperfect separation. This 
is the behaviour to be expected for adsorption of 
the ‘Freundlich’ type, where, for low concentra- 
tions, the adsorption is relatively much greater than 
for high ones. ‘Ageing’ of the freshly precipitated 
gel imder dilute acid before drying it is essential for 
the production of a suitable colour* with methyl 
orange (MO), but if ageing is continued for much 
longer than prescribed, a serious increase in ad- 
sorbing power may result. Deviations from the 
precipitation procedure given below (order of addi- 
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tioii, concentration, temperatni'e, etc.) result in less 
satisfactory prociiiets. Thorough acidification during 
precipitation and ageing is essential. Otherwise, 
low recoveries of tlie first acid band moving down 
the column will result. This is presumably due ^ to 
neutralization by retained hla'^' ions, and explains 
the low recovery of acetylphenylalanine noted pre- 
viously. 

Detailed procedure. The silica gel is prepared ac- 
cording to Martin & Synge [19416, footnote]. We 
give here a fuller description. 

Commercial water-glass (140° Tw.-Jos. Crosfield, 
Ltd., Warrington) is diluted to 3 vol. with distilled 
water containing a little MO. ION HCl is added in 
a thin stream w^ith vigorous stirring, addition being 
interrupted at intervals and stirring continued to 
get efficient mixing. The solution changes first 
slowly and then rapidly to a thick porridge and all 
but the smallest lumps are broken up by stirring. 
When the mixture is permanently acid to thymol 
blue, addition of HCl is stopped and the mixture is 
kept 3 hr. It is filtered on a Buchner funnel and 
washed with distilled water (approx. 2 1./250 g. dry 
gel) without allowing the precipitate to crack. The 
gel is then suspended in. Nj^ HCl and aged 2 days 
at room temperature. It is again filtered and washed 
in the same way with distiUed water (approx. 
5 1./250 g. dry gel) until the washings are free from 
MO. Finally, the gel is crumbled and dried at 110° 
in an air oven. With such a preparation the addition 
of 53 % w/w of indicator solution to the dry gel 
should be satisfactory with the butanol-chloroform 
or propanol-cyclohexane mixtui*es. The dry gel can 
be stored in a closed vessel for long periods without 
deterioration. 

Indicators 

MO has been employed throughout these experi- 
ments for indicating the presence of the acetyl de- 
rivatives. Most of the usual indicators of suitable 
pH range which we have studied are very readily 
extracted from the aqueous phase by the developing 
solvent. MO is ^aot free from this defect, and is 
slowly removed by the solvent, particularly if the 
alcohol content of the latter is high. When this 
happens, the column becomes colourless from above 
downwards, and is useless for the visual separation 
of solutes whose bands move much slower than that 
of acetylglycine. 

The anthocyanin series promises to yield suitable 
indicators. Of those tested, an aqueous solution 
(0-05%) of pelargonin chloride (prepared from 
petals of the scarlet dahlia ‘Coltness Gem’ [cf. 
Willstatter & Mallison, 1915]) has proved useful. 
It is not readily Teached ’ by solvent mixtures quite 
rich in alcohols; its sensitivity to acid is not (like 
that of MO) markedly depressed by alcohols; and 
it is free from FT and S. 


The presence of MO in the fractions obtained 
from the chromatograms has not interfered with 
the titration of the acetyl derivatives described 
below, but the indicator has sometimes been diffi- 
cult to eliminate in the course of preparative work. 

The ‘background’ colour of the MO in the chro- 
matograms is greatly affected by the natme of the 
developing solvent, as well as by the silica, and may 
vary from bright pink to bright yellow. The solvents 
whose us© we describe below all give usable orange 
background colours, although 30 % propanol-cyclo- 
hexane gives a rather yellow and insensitive column. 
Good lighting is essential for making the best ‘ cut ’ 
when the bands are not widely separated. In the 
absence of bright daylight we have used a SOW 
B.T.H. fluorescent lamp with success. 

Behaviour of amino -acid and peptide derivatives 
in different solvent systems 

We have studied in detail three different solvent 
systems in which the acetyl derivatives of the mono- 
amino -acids and some of their peptides have suitable 
distributions, viz.: (1) chloroform-Z!/-butanol- water, 
(2) cyclohexane -n -propanol -water, (3) ethyl acetate- 
water. Tables 1 and 2 give the band-rates of a 
nmnber of those compounds in chromatograms em- 
ploying these solvent systems. B has the same 
significance as before [Martin & Synge, 19416], and 
may be related to the partition coefficient by the 
same formula [loc. cit.'\. Since B depends on a 
number of variable factors, the values which we 
give must be regarded as a rough guide only. The 
ratios between these values for different compounds 
in the same column are, however, relatively con- 
stant. 

Her© and subsequently such an expression as 1 % 
butanol -chloroform refers to a solution in chloro- 
form of butanol, 1 % v/v, subsequently saturated 
with water. 

(1) Acetamino-acids. While in general the acet- 
amino -acids with longer and less polar ‘side-chains ’ 
move fastest on the chromatograms, there are some 
striking differences in their sequence in the different 
solvents. Thus while acetylphenylalanine travels 
faster than acetylleucine in chloroform -butanol- 
water, it is not separable from it in cyclohexane- 
propanol -water. Acetyltryptophan, acetyimethio- 
nine and acetylproline are also relatively retarded 
in the latter solvent. The same is generally true for 
this ‘more polar’ class of acetamino-acids in ethyl 
acetate-water as against chloroform-butanol-water. 
In ethyl acetate -wafer, however, A^-acetyltyrosine 
is considerably accelerated. 

In general, the less polar solvent (cyclohexane) 
discriminates more between these classes of com- 
pound than does the more polar solvent (CHClg). 
However, a single parameter such as ‘polarity’ 
probably cannot be employed for giving a complete 
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Table 1 . Band rates of acetamino -acids with various solvents 
(Figures are values of E) 

Butanol-chloroform Propanol-cyclohexane 


I)eveloi3iiig solvents 

' 1% 

3% 

17%' 

^6% 

30%' 

Ethyl 
, acetate 

Acetylphenylalanine 

0-5 

0-9 

Fast 

0-3 

Fast 

Fast 

Acetylworleucine 

0-4 

— 

Fast 




Acetylleucine | 
Acetyh‘«soleucme j 

0-3 

0-6 

Fast 

0-3 

Fast 

Fast 

Acetyltryptophan 

0-3 

0-6 

Fast 

0-15 

Fast 


Acetylvaiine ] 
Acetyhiorvaline j 

0-15 

0-3 

Fast 

0-15 

Fast 

0-9 

Acetylmethionine 

0-15 

0-3 

Fast 

0-09 

0-7 

0-8 

Acetylproline 

0-15 

0-3 

Fast 

0-04 

0-3 

0-2 

a-Acetaminobutyric acid 

0-07 

— 





0-5 

Acetylalanine 

0-025 

0-04 

0-35 

0-04 

0*3 

0-2 

N - Acetyltyrosine 

0-02 

0-04 

0-7 


0-6 

Fast 

Acetylglycine 

Acetylaspartic acid 'x 

Slow 

Slow 

0-15 

Slow 

0-15 

0-1 

Acetylglutamic acid 1 
A'A^-Diacetylcystine f 

Slow 

Slow 

0- 1-0-2 

. — 



JVJV'-Diacetyllysme J 

N - Acetylhydroxyproline 

Slow 

Slow 

0-07 

Slow 

0-1 

0-06 


theoretical description of such systems. Our ex- 
perience suggests that new and useful solvent 
mixtures having specific effects with particular 
side-chains remain to be found. 

We have not yet effected a satisfactory separa- 
tion of leucine from ^soleucine, or of valine from 
^orvaline, and are now unable to confirm the sepa- 
ration of the former using 0-5 % butanol -chloroform 
previously reported [Martin & Synge, 19416]. We 
have not observed any separation of an optically 
active substance from the corresponding racemic 
compound in the course of this work. 

(2) Acetylpeptides. The evidence presented in 
Table 2 suggests that acetylpeptides travel in general 
at rates intermediate between those of the acetyl 

Table 2. Band rates of 
acetyldipeptides with various solvents 
(Figures are values of B) 


Butanol- 

chloroform 


Propanol- 

cyclohexane 


Developing , * , * , Ethyl 

solvents 1% 17% 5% 30% acetate 

Aoetylleucyl- 1-0 Fast — — Past 

leucine 

Acetylieucyl- | 

ifiSycyl- I ‘’■0^ 1-0 0-5 

leucine ' I 

Acetylgiycyi- Slow 0*04 — 0-06 

glycine 

derivatives of their constituent amino -acids, and 
this is confirmed by experiments on the products of 
the partial hydrolysis of gelatin [Gordon, Martin 
& Synge, 19436]. 

The data of Tiselius [1942] on the behaviour of 
free amino -acids and peptides in adsorption chro- 
Biochem. 1943, 37 


matograms packed with carbon and developed with 
aqueous solutions show a considerable difference in 
sequence from that obtained with our systems. Use 
of the two methods in succession might lead to 
highly effective separations of peptides. However, 
before Tiselius’s chromatograms can be used for the 
isolation of substances it will be necessary to elimi- 
nate ‘tailing’ of the bands, which the adsorption 
data given by Cheldelin & Williams [1942] lead us 
to expect [cf. Wachtel & Cassidy, 1942]. Tiselius’s 
use of ‘moving boundary’ observation methods 
with a chromatogram continuously fed with the 
mixture to be investigated is not interfered with 
by ‘tailing’ — ^whieh, indeed, increases the sharpness 
of the front boundary of each solute. The disad- 
vantages of this procedure for isolative work are 
manifest, only a small portion of the least adsorbed 
component being readily obtainable in a state of 
purity. 

Preparation and properties of acetyl 
derivatives studied 

The compounds referred to in Tables 1 and 2 were 
described by Synge [1939] with bibliography, except 
for the following. Compounds reported here for the 
first time are indicated by an asterisk. All m.p.’s 
are given micorrected unless otherwise stated. 
N determinations were by the Kjeldahl procedure. 
C and H determinations were carried out for us by 
Dr G. Weiler, Oxford. 

(1) AcetylA-valine, The earlier preparation made by 
acetylation of l( +) -valine (‘d-valin’ of Hofmann La Boche) 
proved on chromatographic investigation to be a mixture 
containing at least 15% of impurity, probably an acetyl- 
leucine isomer. This would account for the deviations of 
the analytical values from the theoretical recorded by 
Synge [1939]. 

{) 
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Our present material was prepared by resolution of Du Vigneaiid & Sealock record m.p. 189—190 (corr.), 

acetyl-dl-valiiie [cf. Synge, 1939] obtained by acetylation (a) '^^“+29° (water containing 1 equiv. of N^OH, c = l). 

of a specimen of dl-valine wliicli we bad prepared by a From CHClg the compound was found to crystallize with 

malonic ester synthesis from ^‘opropyl bromide [Marvel i jjioL of solvent. This was lost only slowly in a vacuum 

& du Vigneaiid, 1931; Marvel, 1940], The acetyl-«^/-valine desiccator at room temperature, but was readily removed 

was resolved directly as its brucine salt. A number of j^y drying in vacuo at 100°. Under these conditions the 

mtermediate stages that wmuld have been necessary specimen lost 30*2% of its weight. (Loss of wt. calc, for 

had we emplo3md Fischer’s [1906] resolution were thus C,oHiaO->No.CHCL is 32-7 % .) 


avoided. 

3g. of acetyl-dL valine and 7-5 g. of brucine were dis- 
sov€^d in a minimum of ethanol, and ether was added to 
turbidity. Slow ciystallization resulted, which in later pre- 
parations could be accelerated by seeding and stirring. The 
crjnstaJIine brucine salt was filtered off, washed with ether, 
and recrj^stallized in the same way from ethanol-ether. 
The recrystallized product weighed 4*2 g. Brucine was re- 
moved from the salt by treatment with NaOH in aqueous 
solution at 0°. After filtration of the precipitated brucine, 
the solution was extracted with CHOI3 to remove the part 
remaining in solution. Dilute H2SO4 equivalent to the 
NaOH employed was then added, the mixture was evapo- 
rated to dryness in vacuo, and the solid residue was 
thoroughly extracted with boiling ethanol. On evaporation 
of the combined alcohplic extracts, crystalline acetyl-Z- 
vaiine resulted, which was recrystallized from w'ater until 
its optical rotation and m.p. were constant. Yield 0*9 g., 
having m.p. 164°, (a)]j^ -f4-0° (ethanol, c — 2). The prepara- 
tion was chromatographically homogeneous. These physical 
data supersede those given for acetyl- Z- valine by Synge 
[1939]. 

(2) * Acdyl-dl-xiOTvaline. This was prepared from a speci- 
men of dL?iorvaiine (manufactured by Frankel and Landau, 
and kindly given to us by Prof. H. A. Krebs) in the w^ay 
described by Synge [1939]. The product on recrystallization 
from water had constant m.p. 11 1-1 12*5°. It proved, how- 
ever, on chromatographic investigation to contain an im- 
purity (at least 15%), probably an acetylleucine isomer. 
This suggests the occurrence of mixed crystals. As the 
preparation was required for qualitative chromatographic 
.study, ihe presence of this impurity was not an obstacle, 
and we have not yet purified the compound. The elemen- 
tary composition of the preparation is in agreement with 
that expected from the chromatographic data. (Found: 
0,53*5; H, 8*27; N, 8*67%. C7H13O3N requires: C, 52*8; 
H, 8*17; N, 8*8%. CgHigOgN requires: C, 55*5; H, 8*67; 
N8*l%.) 

(3) * NN'-Diacetyhdl-lysine [cf. Synge, 1939; Kolb & 
Toennies, 1942]. Synthetic d^-tysine was acetylated in 
aqueous solution with NaOH and acetic anhydride as usual. 
After acidification with H2SO4, the aqueous solution was 
extracted repeatedly with ethyl acetate. The syrupy residue 
from evaporation of the combined extracts crystallized 
after keeping for several Weeks. The product was readily 
recrystallized from ethyl acetate^ in which it is rather 
insoluble. M.p, 140-141°. (Found: C, 52*0; H, 7-62; 
N, 12*1%; acid equiv. wt. 232. OioHig04N2 requires: 
C, 52'2; H, 7*82; N, 12*2%; acid equiv. wt. 230.) 

(4) * Acetyl-l-aspartic acid. This was prepared from 
Laspartic acid by acetylation and extraction from acid 
solution with ethyl acetate as for the previous compound. 
The product was syrupy. 

(5) Acetyl-l-tryptophan. This was prepared according to 
du Vigneaud & Sealock [1932] from Ltryptophan. Our 
product hadM.p. 185-6°, (a) +27*6° (water containing 
1 equiv. of NaOH, c=^M), (a)if’+26*0° (ethanol, c = l-l). 


(6) Acetylglycyl-dl-leucine. Prepared according to Steiger 
[1934] from glycyl-dLleucine [cf. Fischer & Warburg, 1905]. 
M.p. 176-177°. Steiger records 178-180° (corr.). (Acid 
equiv. wt.: Found, 223. Calc, for C10H18O4N2, 230.) 

(7) Acetyl-dl-leucylglycine. Prepared according to Steiger 
[1934] from dl-leucylglycine [cf. Fischer & Brunner, 1905]. 
When crystallized from acetone containing 5% water the 
compound crystallized with f mol. of acetone, which could 
be removed by drying over P2O5 in vacuo at 100°. The 
undried compound had acid equiv. wt. 270, and lost 14*4% 
of its weight on drying. (Calc, for C40H18O4N2, f (CgHgO): 
acid equiv. wt. 268*6; loss of weight on drying, 14*3%.) 
The dried material regained the lost weight in an atmo- 
sphere saturated with acetone vapour, but not in an 
atmosphere saturated with water vapour. The dried 
material had m.p. 178°. Steiger records m.p. 182-183*5° 
(corr.). He does not mention the occurrence of acetone of 
crystallization. 

(8) Acetylglycylglycine. Prepared from glycylglycine [cf. 
Fischer & Fourneau, 1901] by Steiger’s [1934] acetylation 
procedure. Recrystallized from ethanol, the product had 
M.p. 178-179°. Fischer & Otto [1903] record m.p. 184-186°, 
(Acid equiv. wt. : Found, 175. Calc, for C6H10O4N2, 174.) 

(O)*^ Acetyl-dl4eucyl-d\-leucine. This was prepared from 
the racemic leucylleucine [cf. Fischer, 1904] subsequently 
named leucyUeucine L4.’ by Fischer & Koeiker [1907] and 
shown by them to be the racemic compound involving 
d-leucyl-Lleiicine as opposed to d-leuoyl-d-leucine. We 
acetylated the dipeptide with acetic anhydride and excess 
NaOH in aqueous solution as usual, and on acidification 
of the reaction mixture the acetyl compound crystallized 
out in 71% yield. Recrystailization from ethyl acetate 
yielded a product having m.p. 200°, (Found: C, 58*6; 
H, 9*02; N, 9*4%; acid equiv. wt. 278. C14H26O4N2 re- 
quires: C, 58*7; H, 9*09; N, 9*8%; acid equiv. wt. 286.) 

Micro -determination of monoamino -acids 

The method of analysis to be described is a de- 
velopment of that given by. Martin & Synge [19416], 
and is based on the observations reported above. 
By the use of additional solvent mixtures it is now 
possible to determine the following amino -acids and 
groups of amino -acids in a protein hydrolysate, viz. 
phenylalanine, leucine 4- isoleucine, valine ( -b nor- 
valine, if present), methionine, proline, alanine, and 
tyrosine. Tryptophan may also be determined semi- 
quantitatively if it survives the treatment employed 
for hydrolysing the specimen [cf. Gordon et al. 
1943 a]. Also in certain special cases [cf. Gordon 
et al, 1943 a, 6] glycine has been determined semi- 
quantitatively by this procedure. A satisfactory 
determination of lysine as its diacetyl derivative 
could be developed on these lines for use with basic 
amino-acid fractions prepared by electrodialysis or 
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•precipitation with phosplio tungstic acid. The need 
for a direct determination of this amino -acid has 
long been felt. 

This extension of the range of the method is due 
to two novel features : 

( 1 ) After the faster moving constituents of the 
mixture undergoing analysis have left the column, 
some of the remaining slow -moving constituents are 
accelerated and run out by the use of a higher per- 
centage of alcohol in the developing solvent. This 
has brought alanine, tyrosine, etc., within the scope 
of the method. 

(2) By subjecting each fraction obtained from 
the butanol-chloroform chromatogram to further 
fractionation on a propanol-cyclohexane chromato- 
gram, it is possible first to separate the (proline + 
valine + methionine) fraction into its three consti- 
tuents, and secondly to remove a number of im- 
purities (probably decomposition products resulting 
from prolonged treatment of the mixture with hot 
acid) which affect significantly the accuracy of 
analyses by the procedure originally described. 

It is sometimes advantageous to change the order 
in which the chromatograms are used [cf. Gordon 
et al. 1943a], or to adopt different solvent mixtures. 
The present scheme, however, is likely to be a useful 
and routine approach where little is kno^vn about 
the constituents of the mixture fo/ analysis. With 
the method described here, the amino -acids in ques- 
tion may in the first instance be determined on the 
hydrolysate of a single sample of protein with an 
accuracy of ± 5 % . It may then be possible to 
devise control experiments [cf. Gordon et al. 1943 a] 
for increasing the accuracy of the determination. 

These analytical results are not affected by the 
degree of racemization of the amino -acids. As 
pointed out by Moore, Stein & Bergmann [1942], 
this is an inherent defect of their ‘solubility product’ 
techniques. 

Our new procedure yields results of accuracy 
comparable with that of the better routine amino- 
acid determinations in current use, and furthermore 
covers a group of amino -acids for which analytical 
methods have in the past been inadequate. Since, 
in addition, it is on the microchemical scale (about 
seven different components being determinable on 
a 25 mg. sample of protein), it may help to satisfy 
a long-felt need. 

Preparation of material for chromatography. Further work 
on the acetylation and extraction procedure described by 
Martin & Synge [19ll6] has led us to introduce some 
improvements and simplifications. The method at present 
in use is as follows. The HCl hydrolysate to be acetylated 
(corresponding to about 25 mg. of protein) is evaporated 
in vamio to dryness in a 100 ml. Erlenmayer flask. 2 ml. 
of 2N NaOH are added and then 0-4 ml. of 6 A JSTaOH. 
The solution is then cooled to 0'’, and 0*2 ml. of acetic 
anhydride is immediately introduced, after which the flask 
is shaken and again cooled. Four further additions of 2 ml. 


of 2N NaOH, followed by 0*2 ml, of acetic anhydride, are 
made at 2 min. intervals and are accompanied by cooling 
and shaking. Thymolphthalein (as an external indicator) 
is used to ensure that the solution remains alkaline through- 
out. The solution is then allowed to stand for 10 min,, care 
being taken to see that it remains alkaline. If this is not 
done anomalous bands appear which are probably due to 
OA-diacetyl hydro xyamino-acids which are formed if in- 
sufficient NaOH is present [cf. du Vigneaud & Meyer, 1932]. 
The 0-acetyl groups are readily saponified by alkali in the 
cold. At the end of the 10 min. period, the solution is made 
acid (red) to thymol blue by the addition of 10 H2SO4. 
Next it is transferred to a 60 ml. separating funnel and 
extracted with five successive 50 ml. portions of 17 % 
butanol- chloroform. The extracting solvent is used to rinse 
out the flask after transferring the mixture to the separating 
funnel. The CHCb extracts are filtered through a dry filter 
paper (Whatman no. 2) into a Claisen flask from which the 
solvent is subsequently evaporated in vacuo, the tempera- 
ture being allowed to rise to 100“. Finally, the extracted 
acetamino-acids are transferred in ethanol to a small flask, 
the ethanol is removed in vacuo, and the residue kept over- 
night in a vacuum desiccator over soda-lime and H2SO4. 

Ghrornatograpliic procedure. 3 g. of silica gel (pre- 
pared as described abo ve) are saturated with methyl 
orange solution and suspended in 3% butanol- 
chloroform. This is introduced into a chromatogram 
tube having an internal diameter of 1 cm. [Martin 
& Synge, 19416]. When the column is ready, as 
much as possible of the acetylated mixture is trans- 
ferred to it by repeated (hot) extraction with small 
portions (1 ml. or less) of the solvent mixture. Each 
portion is allowed to drain into the gel before the 
next is added. After about five successive extrac- 
tions, the flask containing the unextracted material 
is put aside for the second stage of the analysis, and 
the chromatogram tube is filled with the solvent 
mixture for development (3 % butanol -chloroform). 

The bands corresponding to phenylalanine (1), 
(leucine -f isoleucine) (2), and (proline -f valine 4- me- 
thionine) (3), are allowed to run out and are collected 
separately in pyrex flasks. The surface of the sol- 
vent is then allowed to sink until it is level with the 
top of the silica gel. At this point the acetylated. 
material remaining in the flask, previously dissolved 
by boiling with about 1 ml. of 17 % butanol-chloro- 
form, is run on to the column. This is allowed to 
sink in, and after the flask has been washed out 
three times as before, development of the chromato- 
gram is continued with the new solvent. This causes 
the bands, corresponding to tyrosine and alanine, 
which have up to now been moving at nearly the 
same rate (ahead of the glycine, cystine, lysine, 
glutamic acid, etc.), to move faster, and at the same 
time draw apart from one another, the tyrosine 
band (4) running approximately twice as fast as the 
alanine band (5). These fractions are allowed to run 
out, and are collected separately. 

Fractions 1-5 are freed from butanol-chloroform 
by evaporation on the water-bath in vacuo, Frac- 

6-2 



Table 3. Scheme of fractionation 
Tractionating solvent 


Butanol- chloroform 
Band 
1 


Propanol-cyclohexane 


Original mixture 


employing 3 g. of silica. Here the first band to be 
collected corresponds to valine (3’1). When. this has 
run out, the solvent mixture is changed to 30 % 
propanol-cyclohexane, and the bands corresponding 
to methionine (3*2) and proline (3*3) are collected 
separately. Fractions 4 and 5 are fractionated on 
columns containing 2 g. of silica and developed with 
30 % propanol-cyclohexane. These result in the 
main fractions 4*1 and 5*1. Table 3 illustrates this 
fractionation. 

• Titration of resulting fractions. The seven final 
fractions are freed from solvent by evaporation in 
vacuo on the water-bath; the residue in each flask is 
dissolved in 3 ml. of water (by heating if necessary) 
and titrated against NjlOO Ba{OH )2 using brom- 
thymoi blue as internal indicator. This is used in 
preference to phenolphthalein because the indicator 
blanlc is smaller and it is not affected by room con- 
centration of CO 2 ; further, it gives with JNT-acetyl- 
tyrosine accurate titrations of the — GOOH group 
only. With phenolphthalein the phenolic group of 
this compound titrates partially, giving a high 
result with an unsatisfactory end-point. 

For all the amino -acids determined at present 
tryptophan, 1 ml. of N/IOQ Ba(OH )2 corre- 
sponds to 0‘14mg, of jST; for tryptophan it corre- 
to 0*28 mg. of N. 

Control experiments on procedure. The mixture of 
and their acetyl derivatives shown in 
Table 4, which simulates in amino -acid composition 
approximately 25 mg. of wool, was refluxed in an 
excess of 6iV' HCl for 24 hr., and was then analysed 
as above. 

In this experiment 3% butanol -chloroform was 
used for the initial fractionation because it causes 
more rapid movement of the bands, even though it 


Band 


->1.1 

Phenylalanine 

->.2d 

Leucine-woleueine 

-^3d 

Valine 

-^3.2 

Methionine 

■^3-3 

Proline 

-3-4*1 

Tyrosine 

■^54 

Alanine 


leucine can easily be separated from proline, valine 
and methionine on the propanol -cyclohexane 
column. As previously reported [Martin & Synge, 
1941 &], good separations of bands 1, 2 and 3 can be 
obtained by using 1 % butanol -chloroform, and 
unless a longer column is used, this solvent is 
recommended for development until bands 1 and 2 
have been run out of the column. ' 

Table 4. Control analysis on an 
amino -acid mixture 

Re- 



Taken 

Found 

covery 


(mg. N) 

(mg. N) 

{%) 

Acetyl-c^Z-phenylalanine 

0*0954 

0*088 

92 

Acetyl-d-ieucine 

Acetyl-if-'isoleuoine 

0*2420) 

0*0566) 

0*310 

104 

AcetyI-(^^-valine 

0*1637 

0*156 

95 

Z-Methionine 

0*0226 

0*021 

93 

Acetyl-Z-proline hydrate 

0*1799 

0*189 

105 

Acetyl-dZ-alanine 

0*1700 

0*165 

97 

/-Tyrosine 

0*0795 

0*082 

103 

Acetyl-/-tryptophan 

0*0376 

— 

— . 

Glycine 

0*5330 

■ — 

— 

l-Cystme 

0*3455 

— 

— 

/-Glutamic acid 

0*2555 

— ■ 



/-Aspartic acid 

0*1295 

__ ■ 

' ; ■ 

dZ-Serine 

0*2478 

— 

■ 

fZZ-Threonine 

0*1928 

■- 

... 

Z-Arginine monohydroohloride 

0*9280 


■ 

£ZZ-Lysme dihydrochloride 

0*1330 

— 

, , 

Z-Histidine monohydroohloride 

0*0417 

_ 

_ . 

Ammonium sulphate 

0*3415 

— 


Total 

4-1956 




Ho tryptophan survived the conditions to which 
the mixture was subjected— had any done so it 
would have been detected diuing the further frac- 
tionation of fraction 2 with propanol-cyclohexane. 
The work reported in our paper on gramicidin 
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tions 1 and 2 are further analysed exactly as before, 
on columns containing 2 g. of silica, but using 5 % 
propanol-cyclohexane instead of butanol -chloro- 
form. The roaiii band from each chromatogram is 
riui out and collected (1*1 and 2*1, Table 3) free 
from any minor contaminants moving at different 
rates. Fraction 3 is similarly fractionated wdth the 
same solvent mixture on a rather longer column 


gives -rather poor separations between bands 1, 2 
and 3; Thus the low recovery of phenylalanine and 
the excess of leucine no doubt result from the col- 
lection of some of the former material with the 
leucine band. Similarly, some of the leucine was 
collected in the proline -valine -methionine band, but 
this does not affect the accuracy of the analysis 
because, although inseparable from phenylalanine. 
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[Gordon et al. 1943 a] shows that substantial re- 
coveries of acetyltryptophan result when trypto- 
phan is present, with simpler amino-acids, in large 
amount, and when the hydrolysis is conducted 
with exclusion of air. Even here, however, some 
destruction of tryptophan occurs. 

In the control experiment here reported, the 
following ‘artefact bands’ were noted during re- 
fractionation of the materials from the first column 
with propanol-cyclohexane. All were present in 
small amount. 

Fraction 1. (a) A band travelling twice as fast 
as the phenylalanine band, (b) A band remaining 
near the top of the chromatogram. 

Fraction 3. (a) A band travelling between the 
methionine and proline bands. (5) A band travel- 
ling just ahead of the proline band, but so close that 
its adequate elimination proved difficult. 

Fraction 4. (a) A band moving at about half the 
rate of the tyrosine band. 

It seems possible from the high value of the 
tyrosine recovery, that a contaminant not separable 
from it by this procedure is present. Although none 
of these artefact contaminants is present in very 
large amount, they render quite inaccurate the 
single fractionation procedure originally given by 
Martin & Synge [19416], Moreover, as they are 
probably formed by alteration of the original com- 
ponents of the mixtm*e, this may explain the lower 
accuracy of the . present determinations where a 
known complicated mixture was heated with acid 
in the open, as compared with those reported by 
Gordon et al, [19436] for a much simpler known 
mixtxu'e heated in vacuo. These considerations are 
important and introduce a factor of uncertainty, 
stressed by Moore et al, [1942], into the process of 
relating the results of analysis of a protein hydro- 
lysate to the amino -acid composition of the intact 
protein. 

Analysis of wool and gelatin 

Wool (Merino 64’s) and gelatin (from the same 
batch of cow-hide gelatin studied by Gordon et al. 
19436) were subjected to analysis by the pro- 
cedure given above. The results of the analysis 


(uncorrected) are shown in Table 5, together "with 
previous data on wool. The analysis of gelatin is 
correlated with the data of other workers in an 
accompanjmig paper [Gordon et al. 19436]. 

Before acetylation the wool hydrolysate had been 
extracted with CHCI 3 to remove non-amino-acid 
constituents [cf. Martin & Synge, 1941a]. The arte- 
fact contaminants noted in the control analysis 
w^ere all present also in the wool hydrolysate, but 
one additional artefact was noted, which appeared 
as a slow -moving band in fraction 2 . 

In the gelatin hydrolysate, contaminants 1(a), 
3 (a), 3 ( 6 ) and 4(a) were absent, but two faint bands 
(one ahead of and one behind the leucine band) 
were noted during the fractionation of band 2 . 
A faint band running at about half the rate of the 
proline band was noted in the fractionation of 
band 3. Some of these differences may be attributed 
to the absence of tryptophan from gelatin; the 
absence of cystine is probably also of significance. 

The most striking feature of the analysis of wool 
is the phenylalanine value, which has been much 
lowered by the elimination of ‘artefacts’. The possi- 
bility thal) aromatic constituents as yet unknown 
are present is suggested by Block’s [1939] higher 
value; obtainedby the not very specific colorimetric 
procedme. 

Otherwdse the results are in substantial agree- 
ment with those previously recorded [cf. Martin & 
Synge, 1941a, for bibliography]. The value for 
alanine is the first to be reported for wool since 
Abderhalden & Voitinovici’s [1907] ester analysis, 
and is in substantial agreement with their figure. 

SUMMARY 

1 . Technical and theoretical aspects of partition 
chromatography are discussed in relation to the 
separation of amino-acids and peptides in the form 
of their acetyl derivatives, 

2 . New data are presented on the behaviour of 
a number of these compounds in different solvent 
systems. 

3. A micro -analytical procedure is described for 
the simultaneous determination of phenylalanine, 


Table 5. Analyses of wool and gelatin 


(N as % 



Gelatin 



Present 

Present 


detn. 

detn. 

Phenylalanine 

0-4 

0-8 

Leucine - isoleu cine 

3-9 

6-2 

Valine 

1-7 

3-9: 


Methionine 

0*3 

■ 0*2 


Proline 

9*6 

5-2 J 


Tyrosine 

? Trace 

2-8 

Alanine 

8*3 

3-9 


of total N) 
Wool 


Martin & 
Synge 

Other 

[19416] 

detns. 

1-9 

1-9) 

7-4 

7-2 

8*2 

( 3*4 ^ Martin & Synge [1941<t] 

04 


l4-9j 

(2*1 Marston [1928] 

|2-3 Block [1939] 

■ ' 

4*1 Abderhalden & Voitinovici [1907] 




■J 

i 

I 
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lencine isomers., valin.e, metliioiiine, proline, alanine 
and tj'TOsine in the hydrolysate of a single sample 
of .protein, 

4. Determinations of these constituents of wool 
and cow-hide gelatin are reported. 


We are grateful to Mr G. Smith for his technical 
assistance. We wish to thank the Director and 
Council of the Wool Industries Research Associa- 
tion and the International Wool Secretariat for 
permission to publish this work. 
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The Amino -Acid Composition of Gramicidin 


By a. H. GORDON, A. J. P. MARTIN and R. L. M. SYNGE, Wool Industries 
Research Association, Torridon, Headingley, Leeds 

(Received 13 October 1942) 


The bactericidal substance gramicidin, isolated by 
Dubos et al. from cultures of various bacteria [for 
bibliography cf. Dubos & Hotchkiss, 1942] is 
of polypeptide character, yielding on acid hydro- 
lysis a mixture of amino -acids, some of which 
possess the ‘unnatural’ d-configuration [Hotchkiss, 
1941; Lipmann, Hotchkiss & Dubos, 1941; Chris- 
tensen, Edwards & Piersma, 1941]. 

We have subjected acid hydrolysates of grami- 
cidin to analysis by our new techniques [Gordon, 
Martin & Synge, 1943 a] and have been able to 
. confirm and extend most of the data of these 
authors. 

Taken in conjunction with the analytical results 
of Hotchkiss [1941], our analyses suggest that the 
gramicidin molecule contains 24 amino -acid residues 
or some integral multiple thereof. These are made 
up as shown in Table 1. 

The presence of leucine and tryptophan residues 
in gramicidin has already been established by isola- 
tion and characterization [Hotchkiss, 1941 ; Chris- 
tensen et al. 1941], Christensen et ah also claim to 
have isolated alanine through its dioxpyridate and 


Table 1. Suggested composition of minimum 
molecule of gramicidin 


Leucine 

Tryptophan 

Valine 

Alanine 

Glycine 

Hydroxyamino compound 
Total 


No. of 
residues 

6 

6 

5 

3 

2 

2 


No. of 
atoms N 

6 

12 

5 

3 

2 

2 • 


phosphotungstate, although no experimental details 
are given. They obtained a negative result for 
glycine, using the colorimetric method of Patton 
[1934]. We have established the occurrence in the 
hydrolysate of alanine, valine and glycine by isola- 
tion and characterization as the acetyl derivatives, 
and have confirmed in the same way the presence 
of leucine and tryptophan. 

Our technique V7as not suitable for the isolation 
of the hydroxyamino compound [Hotchkiss, 1941]. 
W^e have, however, established by control experi- 
ments (see Experimental Section) that serine is 
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absent from gramicidin hydrolysates. Our methods 
would probably also reveal higher aliphatic hy- 
droxy amino -acids, and on the evidence presented 
by Hotchkiss, ^^oserine would seem to be the sub- 
stance whose properties agree best with what is 
known at present of this constituent of gramicidin. 

Although our isolative procedure leads to slight 
racemization [cf. Martin & Synge, 1941], we have 
been able to confirm that the leucine of the hydro- 
lysate is largely of the ^-configuration, while the 
tryptophan has the ^-configuration. The alanine is 
also largely in the Z-form. We find, however, that 
the valine isolated is racemic, and since this method 
of isolation enabled us to prepare from wool 
[Martin & Synge, 1941] and from gelatin [Gordon 
etaL 1943 c] acetylvaline retaining a large part of its 
optical activity, we conclude either that the valine 
residues of gramicidin are very readily racemized 
during hydrolysis, or that both d- and Z -valine 
residues co-exist in the gramicidin molecule. It is 
impossible at present to choose between these alter- 
natives. We have previously noted a similar pheno- 
menon, viz. the occurrence of racemic phenylalanine 
in wool hydrolysates, and the possibility that 
selective racemization occurs during acid hydrolysis 
has been discussed in that connexion [Martin & 
Synge, 1941] (cf. Gordon etaL [1943a] for isolation 
of optically active acetylphenylalanine by a similar 
procedure). 

Since glycine does not react with the d-amino-acid 
oxidase [Krebs, 1935], the a -amino -acids oxidized by 
the latter [Lipmann et al. 1941] must consist largely 
of leucine and of half the valine residues. These 
amount to 38*6 % of the total a -amino -acid residues 
in the postulated molecule, in fair agreement with 
the figure 43-46% determined by Lipmann et al. 

In Table 2 we correlate our experimental data 
with those of Hotchkiss [1941] and with the values 
calculated for the postulated minimum molecule 
containing 30 atoms of nitrogen. 

Table 2. Constituents of gramicidin hydrolysate 
(N as % of total N) 



Present 

detn. 

Hotch- 

kiss 

[1941] 

Calc. 

Leucine 

20*2 

16-1* 

20-0 

Tryptophan 

40-45 

37-3 

40*0 

Valine 

16-6 



16-7 

Alanine 

10-1 

(25-35) 

10*0 

Glycine 

5’3-6-6 

— 

6*7 

Hydroxyamino N -f NH 3 -N 

— 

6-0 

6-7 

—OH groups (before hydrolysis) 

— 

7-3 

6*7 

(equivs. as N) 

a-Amino N (ninhydrin) 

— 

72*6 

73-3 

Amino-N (Van Slyke) 

■' : — '• 

804 

80-0 

Basic groups by titration 

— 

80-5 

80-0 

(equivs. as N) 

Acidic groups by titration 

' — 

84-7 

80*0 

(equivs. as N) 

* By isolation. 




Our values for tryptophan and glycine are seiiii- 
quantitative only, for reasons discussed in the 

Experimental Section. 

- The method of Kendall & Friedemaim [ 1930 ] 
used by Hotchkiss for determining alanine gives 
seriously high values in the presence of valine and 
leucine. 

We have added Hotchkiss’s figure for NHg in the 
hydrolysate to his determined hydi'oxyamino N, 
since the hydroxyamino compound seems a prob- 
able source of the NHg liberated during treatment 
with hot acid [cf. Hotchkiss, 1941; Gordon, Martin 
& Synge, 1941]. 

There is reasonable agreement between the ex- 
perimental data and the figures calculated for the 
molecule postulated in Table 1. 

This minimum molecule deduced by stoichio- 
metric reasoning has the molecular weight 2790, 
assuming that (i) the unknown, hydroxyamino com- 
pound is isoserine, and (ii) the gramicidin molecule is 
a cyclopeptide of 24 residues, formed from the free 
amino-acids by elimination of 24 molecules of water. 

This value for the molecular weight of gramicidin 
is in fair agreement with that found by Tishler, 
Stokes, Trenner & Conn [1941] by isothermal dis- 
tillation in methanol, namely, 3100, and also with 
the value 2500-4500 found by the same authors by 
diffusion measurements inn -butanol. The cryoscopic 
determinations of these authors and of Hotchkiss 
[1941] gave lower values. The cryoscopic data of 
Tishler et al. for gramicidin in cyclohexanoi showed 
apparent lowering of the molecular weight at low 
gramicidin concentrations. If this were due to a 
reversible dissociation of ‘chemically bound’ water 
from the gramicidin molecule, i.e. to water which is 
not removable by the usual drying procedures, but 
which is capable of equilibrium dissociation under 
conditions where it could be substituted by mole- 
cules of solvent, the results would be readily ex- 
plicable. Such dissociated water, while affecting the 
cryoscopic data, would distil with the methanol in 
the isothermal distillation experiment, and thus 
escape detection. (Tishler et al. [1941] do not 
describe their drying procedure in detail.) If this 
were so the cryoscopic behaviour of gramicidin in 
cyclohexanoi would be profoundly modihed by 
drying it ‘ azeotropically ’ in dilute solution in 
cyclohexanoi or similar solvent. Tishler etal. [1941] 
mention that gramicidin is hygroscopic. Abder- 
halden & Gohdes [1931] have described the binding 
of water by alanine peptides. 

In the absence of further data it seems reasonable 
to conclude that the minimum molecular weight 
deduced for gramicidin by stoichiometric reasoning 
is the true molecular weight, and that we are 
dealing with a 24-cyclopeptide. 

The equivalent weight given by Tishler eZ al. 
[1941] for gramicidin in combination with flavianic 
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acid (2986, 3036 ±300) is, in substantial agreement 
witb the molecule postulated. 

Assiirning that the molecule contains two residues 
of -laoseriiie and no chemically bound water, and 
that It is a cyclnpeptide without terminal — ^NHg 
or —CO OH groups, the molecular formula can be 
deduced, namely, Ci 4 < 5 H 202 G 26 N 30 , giving a calcu- 
lated elementary composition of C, 62-8; H, 7*25; 
N, 15*05%. Hotchkiss & Dubos [1941] record 
C, 62-7; H, 7*59; N, 14*8%. Tishler et al. [1941] 
agree about the C and N content, but find H, 7*36- 
7-41%. 

In the absence of information on the exact nature 
of the hydroxyamino compound and in view of 
possible ‘chemically bound’ water, one can only 
say that the composition postulated for gramicidin 
is not incompatible with its determined elementary 
composition. 

The stoichiometric data obtained in the present 
study are in striking agreement with the Bergmann- 
Niemann hypothesis on protein structure, in that 
the total number of residues in the molecule, and 
the number of each species of residue except valine, 
are expressible in the form 2^ x 3”, where m and n 
are integers. Even with the valine residues, in view 
of their xmascertained optical character, it would 
be possible to postulate three d-residues and two 
Z -residues or vice versa as independent components. 
Alternatively, gramicidin may not be a homo- 
geneous substance but a ‘molecular compound’ of 
two or more similar, but distinct, peptides crystal- 
lizing together in definite proportions. In the Ex- 
perimental Section of this paper we present evidence 
that substances made up of some of the same amino - 
acids as are in gramicidin, but present in different 
proportions, are to be foimd with it in tyrothricin. 

As pointed out by us [Gordon et al. 1941], stoichio- 
metric data do not justify conclusions about the 
relative positions of the various residues in the 
molecule, and we hope, should material be available, 
to throw light on the arrangement of the residues 
by a study of partial hydrolysis products [cf. 
Gordon 19436], 

Gramicidin is the first naturally occurring peptide- 
like substance of this degree of complexity which is 
probably homogeneous, and for which the amino- 
acid composition has been ascertained with reason- 
able accuracy and completeness. Of the protamines, 
which appear to have similar molecular weights [cf. 
Svedberg & Pedersen, 1940], elupein, which has 
been most closely investigated, has been shown to 
be a mixture of substances fractionable by solvent 
precipitation of their methyl esters [Felix & Dirr, 
1929; Felix Mager, 1937]. Although it is certain 
that two -thirds of the residues of elupein are ar- 
ginine residues, technical difficulties have in the 
past prevented accurate analysis of the monoamino - 
acids present. The hormone secretin appears to be 


a peptide of similar molecular weight [cf. Agren, 
1939]. Niemami [1939] has shown that, according 
to Agren’s analyses, some of its amino -acids occur 
in the proportions postulated by himself and 
Bergmann, 

Apart from tyrocidiiie, which is found with grami- 
cidin, few natui’ally occurring polypeptides of this 
order of molecular size have been accurately charac- 
terized. Systematic search will probably reveal 
more of them, and they may prove, as Kossel [1928] 
hoped, a valuable bridge between the very compli- 
cated proteins and their simple hydrolysis products. 
The study of such compounds will be particularly 
fruitful when they display physiological activity. 
The study of the partial hydrolysis products [cf. 
Gordon et al. 19436] is likely at the present stage to 
give less equivocal results as to structural sequences 
in the molecule than the study of proteins con- 
taining hundreds of amino -acid residues. Also some 
of the partial hydrolysis products may retain 
physiological activity, and thereby throw light on 
its nature. 

Dubos <fe Hotchkiss [1942] have reviewed biologi- 
cal aspects of the anti -bacterial action of gramicidin. 
The present work confirms that gramicidin is very 
xmlike the average protein in amino -acid composi- 
tion — ^notably in the absence of basic and acidic 
constituents and in the high proportion of trypto- 
phan, leucine and valine. Lipmann et al. [1941] 
have discussed the possibility that the d-amino-acid 
residues play a part in its antibacterial action. 
Possibly the as yet xmknown hydroxyamino com- 
poxind has a special role, or the valine and leucine 
residues may have special inhibitory effects such as 
were noticed by Gladstone [1939] with these amino - 
acids in the free form in the nutrition of Bacillus 
anthracis. Unfort imately, Gladstone does not report 
experiments employing the d-isomers in the absence 
of the ^isomers. Perhaps, however, larger and more 
specific structural features of the melecui© are con- 
cerned. Gramicidin might act in any of these ways 
if chemotherapeutic action depends on competitive 
inhibition of metabolic processes. Further study of 
its chemical structure along the above lines would 
seem to be a promising approach to this problem. 

■ ■ EXPERIMENTAL 

Preparation of material for analysis- 
question of homogeneity 

All samples of gramicidin were made by xis from a WaUer- 
stein preparation of tyrotbricin. Four separate specimens 
were studied, the preparation of which we describe here. 
Before analysis all samples were dried to constant weight 
over H2SO4 and soda-lime in a vacuum desiccator at room 
temperature. N determinations were made by the Kjeldahl 
procedure after pre-treatment with red P and HI as re- 
commended by Hotchkiss & Dubos [ 1941 ]. In our hands 
this procedure gave theoretical N values with acetyl- 
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tryptophan. Hotchkiss & Dubos record the N content of 
gramicidin as 14*8% and give the following optical data: 
(a)|'^"+2*5° (ethanol, c = l-5), (a)^°4-5° (95% ethanol, 
0 = 04). 

Preparation A. 4 g. of tyrothricin were worked up by 
the method of Hotchkiss & Dubos [1941]; the crude 
Grystalline material was recr3’’stallized once from acetone. 
After washing with ether the product weighed 117 mg. 
The whole preparation was hydrolysed for qualitative 
investigation of the amino-acids. 

Preparation B. 1 g. of tyrothricin was worked ujp in the 
same way, the crude product was recrystallized thrice from 
acetone and washed with ether each time. Yield 19-9 mg. 
M.P. 226-227° (uncorr.). (Found: N, 14*6%.) 

Preparation G was made from the combined mother 
liquors from the crystallization of preparations A and B, 
using the ethanol-ether precipitation of Hotchkiss k Dubos 
for preliminary purification. The first crop of crystals had 
(a)U'’-8*8° (ethanol, c=0-7). On re crystallization from 
acetone the product had (a)|}’'’ -4*1° (ethanol, c = l-2). A 
further recrystallization yielded the final product, 18*5 mg., 
having (a)]f'®” + 1-5° (ethanol, c = 0*6). (Found: N, 13-0% .) 
In this, and the following preparation, washing of the 
crystals with ether w'as omitted, and this may have been 
responsible for the presence of the fatty material, which 
appeared as a separated layer after hydrolysis with acid. 
This fatty contaminant is presumably responsible for the 
lowered N content of preparations 0 and D. 

Preparation D. This was made from the mother liquors 
from the recrystallization of preparation C. It did not 
readily yield crystals even after treatment with ethanol- 
ether. A purification by partition chromatography was 
attempted. It was found that gramicidin could be detected 
visually very readily owing to its fluorescence (presumably 
due to the tryptophan residues) on- exposure to ultraviolet 
light. Trial experiments with silica gel chromatograms 
(using no indicator) showed that gramicidin can be made 
to move as a band. In the solvent system methanol- 
cyclohexane (the more polar phase being stationary, and 
absorbed in the gel), gramicidin scarcely moved at all on 
development. In aqueous systems, using as developing 
solvents 30% n-propanol-cyclohexane, 30% f^opropanol- 
cyclohexane and 15% ethanol-cyclohexane, gramicidin 
moved as a band having i2= >1, 0*5 and 0-2 respectively 
{same terminology as in previous paper [Gordon et al, 
1943 a]). The main preparation was then carried out on 
about 65 mg. of crude material, using 30% isopropanol- 
cyclohexane as the developing solvent. This caused the 
separation of three fluorescent fractions from the main 
band. One of these moved at i?>l (presumably fatty 
components), while the other two moved more slowly than 
the main fraction. This main fraction was run out of the 
column and collected separately; after evaporation of the 
solvent in vacuo, the preparation was taken up in ethanol 
and filtered to- free it from silica which had escaped with it 
from the column. The ethanol was removed in vacuo, and 
the product was then allowed to crystallize from acetone. 
Crystallization was much slower than in previous prepara- 
tions, taking 24 hr. for completion. The product, weighing 
35 mg., had (a)|f -f- 3° (ethanol, c = l*l) and on recrystalli- 
zation (an equally slow process) 18*3 mg. of the final pro- 
duct was obtained having (a)^®'+2° (ethanol, c=0-6). 
(Found: H, 12-9%.) Like preparation C, this material 
yielded a fatty layer on acid hydrolysis. 


It seems therefore that some of the fatty material 
is so closely associated with the gramicidin that it 
resists chromatographic separation. The chromato- 
graphic purification, though eliminating the laevo- 
rotatory material noticed in the course of prepara- 
tion C, does not give a really pure product, since, in 
addition to its slow crystallization, preparation D 
differs significantly in amino-acid composition from 
preparations B and C, having a lower content of 
valine and tryptophan, and a higher content of 
glycine, alanine and leucm© than they have. This 
trend in composition of material obtained by 
workmg up the mother liquors (already noticeable 
in preparation C — of. Table 6) suggests that, in 
addition to gramicidin, tyrothricin contains other 
components made up of some of the same amino - 
acids as the latter. In the analysis of none of these 
preparations have any qualitative differences in the 
ammo-acids present been noted. 

Although the chromatographic procedure used 
with preparation D did not lead to any dramatic 
purification, it seems likely that chromatographic 
methods may be of value for the quantitative ex- 
traction of gramicidin from tyrothricin preparations. 
The results mentioned here justify further study. 
From the data on simpler compounds given by 
Gordon et al. [1943n], gramicidin appears to distri- 
bute itself between solvent phases in a manner not 
inconsistent with its amino -acid composition. 

Our overall yields of material judged to be rich 
in gramicidin have never amounted to more than 

5 % of the 5 g. of tyrothricin which we had at our 
disposal. This is rather less than the yields men- 
tioned by Hotchkiss & Dubos [1941], 

Antibacterial activity of the preparations 

Dr F. C. Happold of Leeds University has kindly 
carried out bacterial growth inhibition tests [cf. 
Dubos & Cattaneo, 1939] on our preparations B, C 
and D, and reports : 

‘The samples of gramicidin have been tested for 
bactericidal or bacteriostatic action in tubes of beef 
infusion peptone broth (5 ml.). A 6 hr. culture of 
Staphylococcus aureus was inoculated into the ex- 
perimental tubes and growth observed at 4, 5 and 

6 hr. after inoculation. At 6 hr. a loop of each 
culture was spread over nutrient agar to give an 
additional comparison of the degree of growth. The 
gramicidin used was 200jLtg./mL in 2 % ethanol and 
formed a stable suspension. A 1/10 dilution of this 
was also made in sterile distilled water so that when 
0-2, 0*1 and 0-05 ml. of each of these two suspen- 
sions were added to the tubes of broth they gave 
concentrations of 40, 20, 10, 4, 2 and l/zg./5mL 
medium. 

‘Preparations C and D were tested with a culture 
which was less rapidly viable than the on© used 
with B. The result was even more dramatic. The 
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Table 3. Antibacterial activiti/ of gramicidin 

Growth at 


Preparation B 

4 hr. 

5 hr. 

6 hr. 

Peptone infusion broth 

+ 4-4- 

+ + + + 

4. + + 4 - 

4- 0*2 mi. 2 % ethanol 

-j- 4. 

+ + + + 

+ + + + 

4- 1 pg. gramicidin 

4- 

+ + + 

+ + + 

2 

Tr. 

+ 4* 

4. 4. 

4 !! 

Nil 

? 

+ 

■ 10 

Nil 

Nil 

? Tr. 

20 

Nil 

Nil 

Nil 

40 

NU 

NU 

NU 


alcohol controls and the infusion broth tube alone 
showed signs of gro'wth at 6 or at 24 hr. When a 
loop of each tube was spread on agar all the grami- 
cidin tubes were found to be obviously sterile.’ 

Analytical procedure 

Following Hotchkiss [1941] we hydrolysed with HCl 
in aqueous acetic acid excluding air. After evapora- 
tion from alcoholic solution in a vacuum desiccator over 
H2SO4 and soda-lime, ail our preparations (in Hysil test- 
tubes) were dissolved in 0*8 ml. of glacial acetic acid. 
3*0 ml. of HCl (which caused some precipitation) was 
added, the tube was evacuated, sealed, and heated for 
24 hr. in a bath of refluxing 6 A HCl. The precipitated 
material dissolved during the first ^ hr. of heating. 

The hydrolysate was prepared for chromatography as 
described by Gordon et al. [1943<»]. A preliminary investi- 
gation, using the analytical technique described there, re- 
vealed that a shortened procedure could be used for sepa- 
rating the acetyl derivatives. This is illustrated in Table 4. 


Characterization of gramicidin constituents 

Preparation A (117 mg.) was fractionated according to 
the procedure described above with columns of a suitably 
increased diameter. The resulting fractions w^ere w^orked 
up and characterized as described below. All m.p.’s are 
uncorrected unless otherwise stated. N determinations 
were made by the Kjeldahl procedure on samples of material 
in solution, which samples had been titrated, with A/ 100 
Ba(OH)2 to determine the acid equivalent weights, using 
the N-free indicator phenolphthalein. For the N deter- 
mination on acetyltryptophan, the titration mixture was 
evaporated to dryness in vacuo and treated with red P 
and HI before incineration, as in the N determinations on 
gramicidin. C, H determinations were carried out by Dr 

G. Weiler, Oxford. 

(1*1) Acetyl-d-leucine. Successive recrystallizations from 
7i-propanol- cyclohexane and from water yielded 20 mg. of 
product having m.p. 183° (not depressed on admixture of 
authentic acetyl-cZ-leucine, but depressed on admixture of 
acetyl-Z-leucine), (a)^^“ + 17-2° (ethanol, c — O-l), Synge 
[1939] records for acetyl-cZ-leucine m.p. 186-188°, (a)^^ 4- 
23-2° (ethanol, c = 3-7). (Found: C, 55-1; H, 8-61,; N, 8-0%; 
acid equiv. wt. 174. Calc, for CgHigOgN: C, 55*5; H, 8-67; 

H, 8-1%; acid equiv. wt. 173.) 

(2*1) Acetyl A-tryptophan. Successive recrystaUizations 
from chloroform-petrol and from water yielded 16 mg. of 
product having m.p. 178° (not depressed on admixture of 
authentic acetyl-Z-tryptophan), (a) A 23*6° (ethanol, c = 
0*5). Du Vigneaud & Sealock [1932] record m.p. 189-190° 
(corr.), and Gordon et al. [1943a] record (a)]?” 4-26*0° 
(ethanol, c = l*l). (Found: 0, 62*4; H, 5*68% . Ci3Hi403Na 
requires: C, 63*3; H, 5*69%.) The material, recrystallized 
from CHCI3, was further analysed as the molecular com- 


Table 4. ScJieme of fractio7iation 


Fractionating solvent 


Original mixture 



Propanol- 
cyclohexane 
Band no. 

1 


3% butanol- 
chloroform 

Band no. 

->-1.1 Leucine 

Tryptophan 
Valine 


Tryptophan degradation product (discarded) 

Alanine 

Glycine 


In the propanol-cyclohexane column fraction 1 was run 
out with 5% propanol-cyclohexane. The remaining frac- 
tions were run out by development of the chromatogram 
with 30% propanol-cyclohexane. The qualitative appear- 
ance of the bands during the analysis of all four preparations 
was the same. Initial experiments indicated that fraction 1 
required refractionation on a butanol-chloroform column 
to eliminate two components appearing as faint bands, 
running a little ahead of, and a little behind, the main 
acetyileueine band. Fractions 3 (alanine) and 4 (glycine) 
did not require further fractionation with butanol-chloro- 
form. 


pound with CHCI3 [cf. Gordon et al. 1943a]. (Found: 
N, 7*4%; acid equiv. wt. 358. Calc, for C43H14O3N2 . CHCI3 : 
N, 7*7%; acid equiv. wt. 365*5.) 

(2*2) Acetyl-dhvaline. A determination of optical rota- 
tion on the whole fraction (44 mg.) gave (a)|?'®‘’0 ±0*3° 
(ethanol, c=^l*5). Gordon et al. [1943 a] give for acetyl- 
Z-valine (a)]f -44*0° (ethanol, c = 2). On this basis the pre- 
sent material contains >92*5% of the racemic compound. 

Two recrystaUizations from CHCI3 yielded a product 
having M.p. 145° (not depressed on admixture of authentic 
acetyl-dZ-valine for which Synge [1939] records m.p. 144- 
146°). Acetyl-dl-norYedine [ef. Gordon eZ al. 1943 a] appears 
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to have a much lower m.p. (Found: C, 52*2; H, 7 * 97 ; 
N, 8 - 6 %; acid equiv. wt. 163. Calc, for C 7 H 13 Q 3 N: C, 52-8; 
H, 8-17; N, 8 - 8 %; acid equiv. wt. 159.) 

(3) Acetyl-l-alanine. Crystallization from ethjd acetate- 
benzene yielded 12 mg. of a product having m.p. 125° (not 
depressed on admixture of acetyl-Z-alanine derived from 
gelatin), (a)Jf“-37*2° (ethanol, c = 0*4). For the product 
from gelatin Gordon et al. [19436] record m.p. 126-127°, 
(a)^®“-36-9° (ethanol, c = 0'4). (Found: C, 46-4, • H, 6*92; 
N, 10 - 6 %; acid equiv. wt. 130. Calc, for C 5 H 9 O 3 N: C, 45 * 8 ; 
H, 6-87; JSF, 10-7%; acid equiv. wt. 131.) 

(4) Acetylglycine. Crystallization from ethyl acetate 
yielded 2 mg. of a product having m.p. 200 ° (not depressed 
on admixture of authentic acetylglycine, m.p. 205-206° [cf. 
Curtius, 1884]. The m.p. was depressed to 180° on admixture 
of acetyi-^glutamic acid). There was barely sufficient ma- 
terial for an accurate determination of N and of acid 
equivalent weight, so no C, H determination was carried 
out. Together with the m.p. and chromatographic data, 
however, these analyses provide reasonable identification 
of the substance. (Found: N, 11 * 2 %; acid equiv. wt. 123. 
Calc, for G 4 H 7 O 3 N: N, 12-0%; acid equiv. wt. 117.) 

Absence of serine from gramicidin 

Serine was used in the Imown mixture employed 
as a control to the quantitative experiments de- 
scribed below. It always gave a distinct band during 
analysis, travelling at 0*55 time the rate of band 4 
on the 30% propanol-cyclohexane coliunn. This 
band was never observed during analyses of grami- 
cidin. With the latter a much fainter band moving 
at 0*3-0* 4 time the rate of band 4 was occasionally 
observed. Whether this was due to the hydroxy - 
amino compound of gramicidin further investiga- 
tion will show. 

Fraction X (Table 4) was regularly observed in 
the control experiments as well as in those with 
gramicidin; separate experiments showed it to be 
a product derived from tryptophan. 

The two minor components of fraction 1, shown 
as occurring in gramicidin hydrolysates, were not 
observed during analysis of the known mixture. 

Quantitative analysis of gramicidin hydrolysate 

6-9 mg. of gramicidin were used for a single 
analysis, on chromatogram tubes of 1 cm. internal 
diameter. 3 g. of silica was used in each column. 

After an estimate of the relative proportions of 
the various constituents had been formed, control 
analyses were carried out on a known mixture of 
acetamino -acids and serine, containing an amount 
of each constituent nearly equal to that present in 
the samples of gramicidin analysed, the same hydro- 
lysis conditions and analytical procedure being used. 
Apart from the differences mentioned above, the 
chromatograms were indistinguishable from those 
obtained with gramicidin. The constituents of the 
mixture and the percentage recoveries are shown in 
Table 5. The acetyl derivatives were used in pre- 
ference to the free amino -acids since, in addition to 


being of ascertained purity, their hydrolysis simu- 
lated more closely the liydroijT'sis undergone by 

gramicidin. 

Table 5. Control experiments on 
gramicidin analyses 


Component of mixture 

Acetyl-c?-leucine 

Acetyl-Z-tryptophan 

Acetyl-d!?- valine 

Acetyl-c^Z-alanine 

Acetylglycine 

(C^^Serine 


Recovery (%) 

101 , 101 
66 , 73 

104*5 
98, 101 
78, 63 


Control experiments showed the high valine figure 
to be due to contamination by aoetyltryptophan 
which ‘tailed’ during the separation of fractions 2*1 
and 2*2 with 3 % butanol-chloroform. This was 
caused by using, throughout these experiments, a 
batch of gel which had been aged for too long under 
acid [cf. Gordon aZ. 1943u]. No such ‘tailing’ "was 
noticed on the propanol-cyclohexane columns made 
with the same gel. Accordingly, in the analyses 
shown in Table 6, the valine figures have been 
calculated from the titrations for fraction 2*2 less 
6*8 % of the titration for fraction 2*1. No correction 
has been applied to the leucine and alanine figures. 

The low tryptophan recoveries are due to destruc- 
tion of tryptophan in the course of hydrolysis, etc.; 
the low glycine recoveries presumably to incom- 
plete extraction of acetylglycine from the acidified 
acetylation mixture by the 250 ml. of 17 % butanol- 
chloroform used. The figures for glycine and trypto- 
phan in Table 6 have accordingly been corrected 
assxmiing these recoveries, and must be regarded 
as semi-quantitative only. Reserve is particularly 
necessary in assessing the tryptophan figures, since 
the destruction during hydrolysis of tryptophan 
residues in combination in gramicidin may be dif- 
ferent from that occurring when they are present 
in aoetyltryptophan. 

Table 6 shows the analytical results for prepara- 
tions B, C and D corrected in this way. 

Table 6. Amino -acid composition of 
gramicidin preparations 

(N as % of total N) 


Preparation ... B C D 

Leucine 20*0 20*4 21*6 

Tryptophan 40*1-44*8 40* 1-44*8 33*5-37*2 

Valine 17-0* 16*6 15*6 

Alanine 9*8 10*4 11-5 

Glycine 5-0-6-2 5-7-7-0 6*6-8*0 

* Maximum figure, owing to accidental contamination 
of the material for analysis by acetylvaline. This figure 
has not been incorporated in the mean values given in 
Table 2. 

In compiling Table 2, the mean values of the deter- 
minations on preparations B and C have been used. 
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SUMMARY 

Gramicidin hcas been subjected to acid hydrolysis, 
and the presence in the hydrolysate of d-leiicine, 
? -tryptophan, dZ -valine, Z-alanine and glycine has 
been established. 

A C|iiaiititative determination of these compo- 
nents has been made, and from this, in conjunction 
with the data of other authors, it seems probable 
that the gramicidin molecule contains the following 
24 residues: 6 leucine, 6 tryptophan, 5 valine. 


1943 

3 alanine, 2 glycine and 2 of an unknown hydroxy- 
amino compound. 

We are grateful to Dr R. J. Dubos and to Sir 
H. H. Dale, P.R.S., for making a supply of tyro- 
thricin available to us, and to Dr B. C. J. G. Knight, 
whose suggestion led us to undertake this work. 
We wish to thank the Director and Council of the 
Wool Industries Research Association and the 
International Wool Secretariat for permission to 
publish this work. 
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In a recent paper [Gordon, Martin & Synge, 1941] 
we described preliminary experiments aiming at the 
characterization of products of partial hydrolysis of 
proteins and through this at the elucidation of 
structural sequences in the intact protein molecule. 

In the present paper we report further work in 
this direction, using partition chromatography [cf. 
Martin & Synge, 19415; Gordon et al. 1943 a, 6]. 
This procedure has made possible the semi-quanti- 
tative isolation of a number of peptides in the form 
of their acetyl derivatives. Peptide isolations have 
usually depended on the chance insolubility of a 
particular peptide or its derivative, and have given 
unknown yields. The new, more refined methods 
make possible a study of all the peptides of a given 
class occurring in a partial hydrolysate of a protein. 


and thus provide a more extensive picture than was 
formerly possible. The chromatographic procedure 
has been used simultaneously for rapid determina- 
tion, on the micro scale, of the amino -acid compo- 
sition of the peptide fractions isolated, an essential 
step too frequently neglected by workers in this 
field. 

Apart from its value for the study of protein 
structure, this work may have applications in the 
field of serology, since Landsteiner [1942] has shown 
that the products of the partial hydrolysis of an 
antigenic protein can specifically inhibit its pre- 
cipitin reactions with a homologous antiserum,. 

The present work was carried out with gelatin, 
since the absence of tryptophan, tyrosine and cystine 
from this material considerably simplifies the isola- 



tive part of, the investigation. This afforded us 
simultaneously a relatively simple check on current 
speculations as to the sequence of amino -acids in 
gelatin. The bearing of our experimental data on 
these speculations is discussed at the end of this 
paper. 

Commercial gelatins are derived from the skin or 
bones of a number of species of animal, and are 
often mixtures in the biological sense. Because the 
parent collagens show significant differences in 
X-ray diffraction properties [ef. Astbury, 1940], it 
seemed particularly desirable to work with gelatin 
derived from a single source. The material used in 
the present work was a sample of cow-hide gelatin 
kindly placed at our disposal by Messrs Ross 
(Gelatines), Ltd., of Xewlay, Leeds. 

EXPERIMENTAL 
(1) Analytical methods 

Determinations of N (KJeldahl), amino-N, free amino-acids 
(by ninhydrin) and tyrosine were carried out as previously 
[cf. Gordon et al. 1941]. The procedure used for determining 
monoamino-acids was as follows: 

Determination of monoammo- acids. The chromatographic 
method previously described [Martin & Synge, 19416] had, 
for the present work, been extended to deal with alanine, 
and in certain circumstances with glycine. It had further 
proved possible to differentiate valine and methionine from 
proline by determination of amino-N. The analysis was 
carried out as before [Gordon et al. 1943c&] except that the 
series of refractionations with propanol -cyclohexane was 
omitted, the material from the butanol-chloroform column 
being titrated directly. 1 % butanol-chloroform, followed 
by 17% butanol-chloroform after band 3 had run out, 
was used for development of the chromatograms. Phenol- 
phthalein was used as indicator for the titrations. 

The acetylalanine band was followed by that of acetyl- 
glycine. This was run out and titrated in the same way. 
As explained elsewhere [Gordon et al. 1943 a], this titration 
represents glycine only if cystine, lysine, glutamic and 
aspartic acids are absent, otherwise, under these conditions, 
the acetyl derivatives of those acids move at about the 
same rate as acetylglycine. When the glycine band has 
moved some way down the column, any hydroxyproline 
present appears as a more slowly moving band. No attempt 
was made to run this out, but semi- quantitative estimates 
could be made on the basis of the colour and breadth of 
the band. 

After titration with Ba(OH )2 the proline- valine-methio- 
nine fraction was hydrolysed by refluxing for 5 hr. in 6iV 
HCl at a volume of 10 ml. After this de-acetyiation, excess 
HCi was removed in vacuo, and it was neutralized with 
Na acetate. Amino-N was then determined on the fraction. 
This made it possible to differentiate the proline from the 
valine and methionine. In the control experiment described 
below, where proline was separated from a mixture of 
amino -acids not containing valine or methionine, 0-232 mg. 
of proline-N in the fraction gave only 0-007 mg. amino-N. 
Similar experiments showed that under the same conditions 
valine and methionine gave 85-95% recovery of amino-N. 
This imperfect recovery, and the fact that in many experi- 
ments only very small amounts of valine and methionine 


were present, make it necessary to interpret the relevant 

figures with circumspection. 

Influence of indicators. Methyl orange, phenoiphthaleiii 
and baryta were aiw^ays present in the final fractions pre- 
pared for amino-acid analysis (cf. § 6). As it was possible 
that these substances might give rise during hydrolysis to 
acid degradation pjroducts wLich might interfere with the 
chromatography, control experiments with regard to their 
decomposition were undertaken. 

Methyl orange degradation products. 100 mg. of methyl 
orange were refluxed for 24 hr. in 6N HCl. Excess HCl was 
removed in vacuo. The resultant material was acetylated, 
and extracted with 17 % butanol-chloroform as usual and 
one-fifth of this extract was taken for the chromatogram. 
This was run first with 1 % and then with 17 % butanol- 
chloroform as described above. During the first stage no 
acid band appeared. On development with 17% butanok 
chloroform a faint band was seen to move down slightly 
behind the front of the new solvent. This was followed by 
a second very faint band which was estimated to move at 
a rate between that characteristic of glycine and that of 
hydroxyproline. Neither of these bands was strong enough 
to give a significant titration. 

Phenolphthalem degradation products. 10 mg. of phenol- 
phthalein were refluxed with acid, acetylated and extracted 
as above, and the whole of the extract put on the column. 
On development with 1 % butanol-chloroform, a faint band 
moved down the column having i2 = l-0. A second band 
was observed near the top of the column. On development 
with 17% butanol-chloroform this band moved down at 
H=0-15. A third faint band moved at AJ =0-065, x4.gam 
none of these bands was of significant intensity. 

Percentage recovery of amino -acids m a known 
mixture. Thus it appeared that indicators did not 
interfere with the analysis and a control experiment 
on amino -acid recovery was carried out. The amino - 
acids in the proportions shown in Table 1, together 
with 1 ml. of a saturated aqueous solution of methyl 
orange, 0*5 ml. of a 1 % solution of phenolphthalein 
in ethanol and 0*33 ml. of NjZ Ba(OH )2 were made 
up to 10 mi. in %N HCi. The solution was refiuxed 
for 36 hr. and after removal of excess HCi in vacuo 
the mixture was acetylated and extracted as de- 
scribed above. 

One-tenth of the extract (corresponding to 
1*10 mg, N in the original amino-acid mixture) was 
put on a column as above. The resultant analysis 
led to the recoveries shown in Table 1. The low 

Table 1. Percentage recovery in a known 
mixture of amino -acids 

N as % of total N 
of mixture 


Amino-acid 

Taken 

Pound 

7o 

covery 

c^kPhenylalanine 

15-5 

11-5 

74; 

c^Z-Leucine 

15-3 

15-3 

100 

Z-Proline 

14*9 

14-3 

96 

dZ -Alanine 

19-1 

18-1 

95 

Glycine 

16-6 

13-6 

82 ; 

Z-Hydroxyproline 

18*6 

■— 

,_,V, 


VoL 37 
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recovery of acetylglyoine is explained by the in- 

complete extraction of this acid from the aqueous 
acetylation mixture. All figures given for glycine 
in the present paper have therefore been corrected 
assuming 82 % recovery. 

The low recovery of phenylalanine was due to 
the use of gel containing traces of alkali. This ques- 
tion is dealt with by Gordon et al. [1943 a]. The 
unsatisfactory gel used in the present experiment 
was also used in analysing the ‘neutral peptide’ 
fractions from the 4-day gelatin hydrolysate. Else- 
where in the present work gel giving satisfactory 
phenylalanine recoveries was used. 

The above control experiment gives an indication 
of the accuracy of the analytical operations de- 
scribed in this paper. 

(2) Analysis of gelatin 

Monoamino-acids. Since the present investi- 
gation was concerned mainly with peptides of the 
monoamino -acids, an analysis for the total of each 
of these components was first carried out on a 
complete hydrolysate. 

The gelatin was hydrolysed by refluxing for 24 hr. 
in HCl. A colorimetric tyrosine determination 
on the hydrolysate showed some colour-producing 
substance to be present — this, however, was mainly 
associated with the small amount of insoluble humin 
in the hydrolysate — and no band corresponding to 
tyrosine was ever noticed on the chromatograms 
[cf. Gordon et al. 1943 a]. 

The hydrolysate was analysed for constituent 
monoamino -acids. The results are shown in Table 2, 
together with our later figures for the same sample 
of gelatin [Gordon et al. 1943 a] and those of the 
best previous determinations on gelatin. In con- 
verting these earlier figures to a N basis it was 
assumed that the IST content of the gelatin (not 
recorded by Dakin or by Bergmann & Stein) was 
18-3 % [cf. Beach & Teague, 1942]. 

Table 2. Monoamino-acids of gelatin 
(N as % of total N) 


Author ... 

(1) 

m 

(3) 

Others 

Phenyl- 

alanine 

1-0 

04 

0-6 

— 

Leucine 

isomers 

3*9 

3-9 

4-1 

■ — 

Valine | 

1-5 

]l-7 

0 

— 

Methionine] 

to-3 

— , 

0-4 Beach & Teague 
[1942] 

Proline 

9-7 

9*6 

7*e5 

11-6 (4) 

Alanine 

9-0 

8-3 

7-5 

— 

Glycine 

__ 

— 

26-0 

27-0 (4) 

Hydroxy- 

proline 

— , 


8*2 

8-4 Bergmaim [1935] 


The difference betw''een the phenylalanine value 
obtained here, and that obtained by our later pro- 
cedure, shows clearly the necessity for the second 
fractionations with propanol-cyclohexane. In other 
cases oui‘ two analyses are in substantial agreement. 

Methionine. Determinations on the present 
sample of gelatin, kindly carried out by Dr S. 
Blackburn of Torridon by the Baernstein volatile 
iodide procedure, gave a corresponding figure of 
0-67 % . After the gelatin had been hydrolysed by 
ION HCl at 37° for several weeks, this value had 
fallen to 0*14%, suggesting demethylation. The 
possibility that methionine w^as oxidized to its sul- 
phoxide by the HgOg used in the manufacture of 
the gelatin should not be ignored. 

Valine. The isolation, from the present sample of 
gelatin, of valine, in the form of its acetyl deriva- 
tive, is described below (§ 6d). This is the first time 
valine has been showni by isolation to be a con- 
stituent of gelatin. Fischer, Levene & Aders [1902] 
obtained some evidence for its occurrence but left 
the question open pending more detailed investiga- 
tion. Dakin [1920] asserted that it was absent. 
Dr R. Block (private communication) has obtained 
evidence for its occurrence in gelatin, using a modi- 
fication of the procedure of Fromageot & Heitz 
[1939] [cf. Block & Bolling, 1941 : we have not had 
access to this publication]. 

(3) Course of hydrolysis 

The gelatin was hydrolysed in the same manner 
as before [Gordon et al. 1941], by allowing it to 
stand in 10 A' HCl at 37°, samples being removed at 
intervals for estimation of amino -IST and free amino - 
acids. Fig. 1 show^s a plot of these results. The large 


lOO 


(1) Present determination. 

(2) Gordon et al. [1943 a]. 

(3) Dakin [1920]. 

(4) Bergmann Stein [1939]. 


Days 

Fig. 1. Course of hydrolysis of gelatin in 10 A HCl at 37°. 

amount of glycine in gelatin makes it necessary to 
treat the amino-H figures with reserve. No correc- 
tion for the glycine can be made because, although 
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tlie proper factor for the free amino -acid is well ■ 
known, this is not the case when it is still in peptide 
linkage [cf. Van Slyke, 1911]. 

That the figure for free amino -acids had reached 
only a fraction of its final value when the figure for 
aiiiino-N had almost reached 100% seems to indi- 
cate that the imino groups of proline and hydroxy- 
proliiie are present, as previously suggested [Gordon 
et al. 1941], in peptide bonds resistant to acid 
hydrolysis at 37°. 

The partial hydrolysates used for analysis were 
removed after 4 and 19 days. Further hydrolysis 
was stopped by removal of HCl by repeated evapo- 
ration with water in vacuo. The mixture was then 
diluted with water and stored at 0°. Fig. 1 shows 


tive amounts of the various molecular species left 
in the middle compartment, are to be expected. 

In the case of the ‘basic’ fraction [ef. Gordon 
et al. 1941], the recovery should be quantitative. 

The distribution of total N, amino -N, and free 
amino -acids in the partial hydrolysates and the 
fractions derived from these by electrodialysis is 
shown in Table 3. Amino -N and free amino -acids 
were determined before and after completely hydro- 
lysing the material by refluxing for 24 hr. in 6iV 
HCl. Comparison of these figures gives a measure 
of the amount of peptide material present in the 
different fractions. 

The further analyses of the ‘basic’ and ‘neutral’ 
fractions are described separately below. 


Table 3. Analysis of fractions obtained by electrodialysis from partial hydrolysates of gelatin 
(N as % of total N of unfractionated gelatin) 


Unfractionated hydrolysate : 

x\mino-N before complete hydrolysis 
Amino -N after complete hydrolysis 
Free amino -acids before complete hydrolysis 
Free amino -acids after complete hydrolysis 

Basic fraction: 

Total N 

Amiiio-N before complete hydrolysis 
Amino-N after complete hydrolysis 
Free amino-acids before complete hydrolysis 
Free amino-acids after complete hydrolysis 

Neutral fraction: 

Total N 

Amino -N before complete hydrolysis 
~ Amino -N after complete hydrolysis 
Free amino -acids before complete hydrolysis 
Free amino -acids after complete hydrolysis 


4 days’ hydrolysis 

19 days’ hydrolysis 

40*7 

59-9 

67-0 

67*0 (assumed) 

24*7 

60-5 

87-0 

87 *0 (assumed) 

22*0 

22-5 

6-3 

‘ 7-6 

10*5 

9-6 

2-3 

5*5 

9*6 

8-4 

51-6 

62*6 

25-3 

37-8 

38-2 

45*1 

16*2 

45-7 

50-0 

60-7 


that in the 4-day hydrolysate approximately one- 
third, and in the 19 -day hydrolysate approximately 
two-thirds, of the residues had been converted to 
free amino -acids. • 


The above figures for free amino -acids are resi- 
dues (1 mol. COg evolved in presence of ninhydrin) 
expressed as N (1 atom) as % of the total N of the 
original unfractionated gelatin. 


(4) Preparation of 'basic'' and 'neutraV fractions 

The electrodiaiysis of the partial hydrolysates 
was conducted in a diaphragm cell as previously 
described [Gordon et al. 1941], except that, in addi- 
tion to the basic fraction, a neutral fraction was 
prepared. This consisted of the contents of the 
middle compartment of the cell after the first elec- 
trodiaiysis at pH 6. To ensure complete removal of 
basic and acidic material, the current was switched 
on again for a few minutes after the end compart- 
ments had been washed out, and refilled with dis- 
tilled water. This was repeated a second time. Since 
some neutral material diffused out of the middle 
compartment during the preparation, the recovery 
of neutral amino-acids and peptides in this fraction 
was not quantitative. The amounts of the different 
substances lost depended on their different rates of 
diffusion, but only very slight changes in the rela- 


(5) Investigation of the 'basic'’ fractions 

The ‘basic’ fractions obtained from the 4- and 
19 -day hydrolysates were analysed for monoamino- 
acids after complete hydrolysis, by the chromato- 
graphic method described above (§1). This experi- 
ment was similar to the analysis of the ‘basic’ 
fractions derived from various proteins [cf. Gordon 
et al. 1941], but owing to improved teclinique it 
could be carried out quantitatively. The amounts 
of the various amino -acids foimd are shown in 
Table 4. Assuming that these monoamino -acids are 
all linked as dipeptides with basic amino-acids, the 
yields frorn the 19 -day hydrolysate account nearly 
quantitatively for the residues present in peptide 
linkage as determined by the ninhydrin procedme. 
Note also that the total amount of phenylalanine, 
leucine, valine and methionine residues bound in 
basic peptides after 4 days’ hydrolysis is substan- 
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Table 5. 


tially the same as after 19 days’ hydrolysis. This is 
not, 'however, true for proline and alanine residues, 
and suggests that the bonds involving the former 
amino-acids are mueh more resistant to such hydro- 
lysis than are those involving others such as proline 
and alaiiine. 

Table 4. Analysis of ^ basic' fractions 

(N as % of total N of unfractionated gelatin) 

4 days’ 19 days’ 

hydrolysis hydrolysis 

0-05 ) 0*04] 

0-29 r 0*56 0*29 1- 0-59 

0-22 0-26 


0-96) 
0-77 ■ 


1-73 


0*35) 
0-30 ■ 


0-65 


2*29 

7*29 


1*24 

2-9 


1943 

Fractionation of 'neutraV material 
from 4 -day hydrolysate 
Fractionations 


R, 


'ethylacetate 


Amino-acid 
Phenylalanine 
Leucine 

Valine + methionine 

Proline 
Alanine 

Total 

Residues in peptide linkage 
(moles as N by difference 
of free amino-acid deter- 
minations; cf. Table 3) 

( 6 ) Investigation of the 'neutral' fractions 

(a) Chromatographic fractionation. Preliminary 
experiments with synthetic acetyldipeptides [Gor- 
don et al 1943 a] showed that these compounds are 
as readily separable by partition chromatography 
as are acetamino -acids, and that in general, for a 
given solvent pair, the acetylpeptides travel at rates 
intermediate between those for the acetyl deriva- 
tives of their constituent amino-acids. 

In the present work on neutral peptides from 
gelatin, we have used successive fractionation on 
ethyl acetate-water and ehloroform-butanol-water 
columns. This gives specially sharp separations of 
proline, whose acetyl derivative moves at the same 
rate as aeetyivaline in chloroform-butanol, but 
moves more slowly than acetylalanine in ethyl- 
acetate. The proline peptides in partial hydrolysates 
of gelatin behave similarly, and are therefore 
specially amenable to study by the technique 
described here. 

The ‘neutral’ fraction resulting from electrodialysis of 
the partial hydrolysate (corresponding to about 0*8 g. of 
gelatin) was evaporated to dryness in vacuo below 40°, 
acetylated, acidified and extracted with. 17% butanol- 
chloroform as in the case of the -monoamino-a^d deter- 
mination. The 4-day hydrolysate had 73 mg. ISf in the solu- 
tion taken for the acetylation. In the 19-day hydrolysate 
78-5 mg. N was present, 7.3 % of which was obtained in 
the extract by this procedure. 

The extracted material was fractionated on an ethyl 
acetate-water column of diameter 4-5 cm. Where the band 
was relatively last-moving, and had ‘run out’ at the bottom 
of the column, the fraction was collected by evaporation of 
the solvent m vacuo. To obtain the slower moving fractions 
the column was pushed out of its tube after the developing 
solvent had run through, and each ‘band’ cut out imme- 
diately with a palette knife. Each fraction was immediately 


Acetylated J 
extract 


>1 

0-9 


0*52 


0-3* 


0*15 


(.<0*08* 


-^butanol- chloroform 

" 17%; 

butanol butanol 
■0-5 

0-3 — 

0*15 ““ 

0-1 ™ ■ 

0-07 — 

fO-5 — 

1 0-15 — 

1 0-05 

I — 0-24 

1*2 
0-4 
0-7 
0-45 
0*23 
0-6 
0-4 
0-13 


-> — 


Final 

fractions 

I 

II 

. 

Discarded 

Discarded 

Discarded 

IV 

V 

Discarded 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII . 


* These fractions left a residue insoluble in hot 17 % 
butanol-chloroform which was not further fractionated. 

Table 6. Fractionation of 'neutral' material 
from 19-day hydrolysate 
Fractionations 


•^butanol-chloroform 


•^ethylacetate 

1.5 - 

T-35 - 
0-9 -- 

0-6 - 
0*26 - 


1%, 

butanol 


17%, 

butanol 


Acetylated 

extract 


0-5 

fO-5 

0-25 

0-15 

OTO 

0-02 

0*15, 0*08 


^0-16 


.0-13 


o-os 


,0-05 


:o-04 


[slowest ■ 


0’4 

07 
04 

0*9 

0-3 

01 

08 
015 

08 

0-5 

.032 

kM9 

0-51 

042 

0-30 

,018 

^013 

0-07 

04 

0*07 

046 

0*34 

0*17 

< 0-12 


Final 
fractions 
1 

2 

3 

Discarded 

4 

5 

6 

Discarded 

7 

8t 

9 

lot 

11 

12 

13t 

Discarded 

14 

15 

16 

17 

18 

Discarded 

19 

20 
21 

. 22t , : 
23 

. 24 , , 

; 25 
26 

Not analysed 
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eluted from the gel by thorough washing with' alcohol on 
a Buchner fiinnei and the eluate evaporated to dryness 
in vacuo. 

Every fraction so obtained was further fractionated on 
a chloroform- butanol- water column of suitable size and 
developed suceevssiveiy with solvent containing 1 and 17% 
of butanol v/v. The final fractions w^ere collected in exactly 
the same way. For details see Tables 5 and 6. 


In Tables 5 and 6 the final fractions, to each of 
which a number has been assigned, are tabulated. 
Several fractions were discarded, as too small. The 
symbol ^ between two fractions indicates grossly 
incomplete resolution of the corresponding bands; 

- indicates less serious mutual contamination, 
judged visually from the separation of the bands; 
YYhile t indicates that the corresponding band was 
obviously due to more than one substance, being 
either very diffuse, or having the point of maximum 
concentration not near the leading edge of the band. 
Further fractionation on different chromatograms 
would have led to purer products, but was omitted 
because the present work was intended mainly as 
a preliminary survey. 

The fractionation of the material from the 19 -day 
hydrolysate was carried out in much greater detail 
than the fractionation of that from the 4 -day 
hydrolysate, because during the initial fractionation 
on an ethylacetate column, the former resolved into 
a greater number of separate bands, between which 
‘cuts’ could be made. Presumably the 19 -day 
hydrolysate is a less complicated mixture. As seen 
in Table 5, the 4-day hydrolysate gave no resolution 
of bands having i^ethyiacetate <0*08, the column 
above this level being uniformly pink. In the 
19-day hydrolysate, a number of satisfactory 
‘cuts’ could be made, and thus fractions 14-26 
in the 19-day hydrolysate correspond to fractions 
XI-XIII in the 4-day hydrolysate. This in part 
explains the impossibility of interpreting stoichio- 
metrically the amino -acid figures for fractions 
XI-XIII. 

(6) Amino -acid analysis of the final fractions. 
Each of the final fractions was dissolved in ethanol, 
and a suitable aliquot was taken for amino -acid 
analysis. After evaporation of ethanol in vacuo, the 
material was dissolved in a little water and titrated 
with NjlQO Ba(OH) 2 , using phenolphthalein as 
indicator. This titration gave a measure of the 
number of equivalents of acetylpeptide and/or 
acetamino-acid present, and served as a check on 
the subsequent amino -acid analysis, thus: 


HCl was then added to the titration mixture so 
that the final volume (10 ml.) contained %N HGL 
The mixture was then refluxed for 24 hr. to effect 
complete hydrolysis. Monoamino -acids were deter- 
mined as described in § 1 (see Table 7). 

In any given fraction, the total quantity of each 
amino-acid is expressed as the percentage of the 
total N in the ‘neutral’ fraction of the corre- 
sponding partial hydrolysate of gelatin. The acid 
equivalents in the fraction before hydrolysis are 
expressed in the same units. The symbol * attached 
to an analytical figure indicates that in the fraction 
concerned the amino -acid in question occurred as 
its acetyl derivative and not as a peptide, and hence 
could be assumed to be in the free form in at least 
this amoimt in the partial hydrolysate. This is de- 
duced from the analytical figures for the fraction 
in question, and is confirmed by (a) chemical charac- 
terization (see § 6d) and (h) the fact that the rate 
of travel on the chromatogram agrees with that 
expected for the particular acetamino-acid [cf. 
Gordon et al. 1943 a]. 

The analyses showed no bands other than those 
corresponding to the known acetamino -acids and ‘ in- 
dicator artefacts suggesting that the treatment with 
acid resulted in complete hydrolysis of all peptide 
material. In a few cases the ‘ glycine ’ band appeared 
to be complex, suggesting that lysine, glutamic or 
aspartic acids might be present. Peptides of lysine 
with either glutamic or aspartic acids should occur in 
the ‘neutral’ fraction resulting from electrodialysis. 

The symbols ‘ftr ’ (faint trace), -f , etc., in Table 7 
are relative to the total amount of material in the 
fraction submitted to analysis, and not with respect 
to the original gelatin. 

Apart from fractions marked with an asterisk, 
in which single acetamino -acids predominate, the 
analyses in Table 7 suggest that the final fractions 
are still, in the majority of cases, complicated mix- 
tures of acetylpep tides. Speculation as to the 
peptides present must be based, first, on the corre- 
spondence between the rates of travel of the band 
corresponding to the fraction on the different chro- 
matograms and those of Imown acetylpeptides and 
acetamino -acids, and secondly on stoichiometry. 
Serine and threonine, for which the fractions have 
not been analysed, may be present in some of 
them, and may make interpretation yet more 
difficult. 

The following fractions seem the only ones of 
reasonably obvious composition : 


hydrolysis and acetylglycine -I- acetylproline 
l equiv. acetylatiom"^ I equiv. 1 equiv. 


Acetylgly- 

cylglycine— — — — 
1 equiv. 

Biochem. 1943, 37 


acetylglycine 
^ 2 equivs. 


1 equiv. 


i-day hydrolysate 

Fraction V. Mainly dipeptide glycine-leucine. 
The corresponding fraction 6 from the 19-day 
hydrolysate probably contains the same substance 
though more heavily contaminated. 
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Table 7. Amino-acid analysis of final fractions 
N as % of N of ‘neutral’ fraction of corresponding gelatin hydrolysate 


1943 



t — 

Flieii}’!- 





Acid 

alanine + 





eqiiivs. 

leucine -f 





before 

valine F 




Fraction 

livdroivsis inetliionine 

Phenyl- 


Valine -h 

no. 

(as N) 

4 - proline 

alanine 

Leucine 

methionine 





4-day hydrolysate 

I 

0*09 

0-09 

0-09* 

0 

0 

II 

040 

040 

0 

040* 

0 

III 

0-77 

0-70 

0 

ftr 

0-63* 

IV 

0-25 

0-28 

044 

042 

0*02 - 

V 

0*79 

0-66 

0-08 

0-58 

ftr 

VI 

3-54 

3’76 

0-86 

0 

0-78 

VII 

4*90 

0-87 

0 

0-29 

0*58 - 

VIII 

0-36 

041 

0 

048 

0*05 

IX 

0-23 

0-23 

0 

0-08 

0*04 

X 

11-7 

— 

fftr 

ftr 

fftr - 

XI 

0*60 

0-78 

0 

ftr 

042 

XII 

440 

4*20 

0*70 

0 

1-05 

XIII 

5-37 

2*02 

0 

0-29 

0-25 





19-day hydrolysate 

1 

0-29 

0-24 

0-24* 

tr 

ftr 

2 

047 

041 

041* 

fftr 

tr 

3 

1-99 

1-7 

ftr 

1-7* 

fftr 

4t 

046 

0*37 

fftr 

tr 

0-36* 

5 

0-32 

048 

0-06 

0*07 

0*05 

6 

143 

1-06 

047 

0-67 

0*14 

7 

042 

042 

0*04 

0-20 

047 

8 ' 

104 

— 

0 

fftr 

tr 

9 

845 

6-79 

0 

fftr 

0*39 

10 

0-56 

0-30 

0 

0 

0-20 

11 

0*64 

0 

0 

0 

0 

12 

1-29 

M4 

0 

0 

0-06 

13 

23-3 

— 

0 

0 

fftr 

14 

049 

042 

0-02 

003 

0-04 

15 

0-21 

0-03 

0 

ftr 

0-03 - 

16 

0-60 

— 

ftr 

fftr 

ftr 

17 

0*06 

0-06 

0 

tr 

0-01 

18 

0-28 

0-28 

fftr 

ftr 

0-03 

19 

0-23 

— 

0 

ftr 

tr 

20 

0-90 

0 

0 

0 

0 

21 

147 

— 

0 

0 

fftr 

22 

1*20 

1-05 

0 

0 

0*09 

23 

2-76 

— 

0 . 

fftr 

tr 

24 

044 

048 

0 

0 

0 

25 

0-27 

0-22 

ftr 

0 

0-03 

26 

0-53 

0-51 

0 

0 

0-08 


t Minimum figures, 

as loss of unknown amount occur; 


Froline Alanine Glycine 


0 

0 

0-07 


2-12’*' 

0-18 

0-11 


0-66 

245 

148 


0-01 

ftr 

0-08 

0-01 

64* 

040 

0 

1-08* 

0*03 


0-05 

0*25 


0-96 

048 

049 
043 


0 

0 

0-04 

0*05 

0*08 

0*28 

3-85* 

tr 

040 
0*61 
0-23 
145 
1*94 

ftr 

ftr 

Iftr 

tr 

0-06 

0-21 

042 

9-0* 

0-52 

047 

0-05 

ftr 

tr 

0*02 

0-05 

0-04 

0-04 

0-26 

0-07 

041 
0-06 
0-22 
ftr 
tr 

0 

0-03 


0 

0^ 

0-04 

046 

0’59 

0*50 

0-82 

043 
0-07 

11 - 0 * 

0-23 

338 

2-34 

tr 

tr 

ftr 

tr 

041 

0-61 

041 

145 

tr 

0-21 

0-64* 

tr 

23-6* 

0-04 

Lost 

0-20 

0-05 

0*03 

0-06 

0-70 

ftr 

0*81 

tr 

0-02 

tr 

044 

! fraction. 


Hydro xy- 
proline 

0 

0 

0 

0 

+ 

+ + 

0 

0 

0 

0 

+ + 

+ + 

+ + + * 

ftr 

ftr 

fftr 

tr 

0 

+ -f- 
+ + 
fftr 
-i- + 

+ '+ 

+ 

tr 

0 

+ -f -h 
•f + 

-l_ 4- -(... 

+ 

+ 

+ -f- + 

+ + + 

■r + + * 
+ 

-j- -u 4.* 

+ + + 

4 4. 

4 4 


19 -day hydrolysate 

Fraction 17. Mainly tripeptide proline-alanine- 
glycine. 

Fraction 18, Mainly dipeptide proline-alanine. 

Fraction 22. A mixture of dipeptides proline- 
aianine and proline-giycine, with the latter pre- 
dominating. The resolution of these substances 
seemed to have been achieved on the original ethyl- 
acetate -water chromatogram, with the result that 
fraction 18 was free from proline-giycine dipeptide, 
so some of fraction 22 was further fractionated on 
an ethylacetate-water column. Two bands were ob- 
tained, By cutting between these, two fractions 
were obtained— 22a (Retiiyiaoetate = 0-063) and 226 


(Rethyiacetate = 0*050). Tlio band Corresponding to 
22 6 was much the stronger. Resolution of the bands 
did not appear to be perfect, and on amino -acid 
analysis of 226 it was found that 10% of alanine- 
proline dipeptide was still present with t he glycine - 
proline dipeptide. 

Fraction 24. Perhaps dipeptide proline-hydroxy- 
proline. 

(c) Determination of order of a^nino -acid residues in 
peptides. Recrystallization and formal identification 
of the various acetyl peptides described above was 
impracticable owing to the small amounts at our 
disposal. The fractionations shown in Tables 5 and 
6 were, for the sake of rapid working, each carried 
out on hydrolysates of less than 1 g. of gelatin. 
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We have, however, obtained some evidence as to 
the order of arrangement of the amino -acid residues 
in some of the peptides, a point on which the 
analyses given above yield no information. The 
following is a preliminary description of the chro- 
matographic micro -method which we are developing 
for this purpose. 

When an acetyidipeptide is subjected to partial 
hydi'olysis, the initial splitting can occur in one of 
two ways, of which one leads to the formation of 
an acetathino-acid: 


acetyl j glycyl | leucine 


acetyl ! leucyl | glycine 


-> acetylglycme + leucine 

-> acetic acid +glycylleucine 
acetylleucine + glycine 

acetic acid + leucylglyciiie 


Thus acetylglycyileucine on partial hydrolysis 
should yield acetylglycine but no acetydleucine, and 
aeetylleucylglycine vice versa. These acetamino- 
acids may be separated from the hydrolysis mixture 
by extraction and chromatography, and quantita- 
tively determined. 

Experiments were accordingly undertaken on 
synthetic specimens of these two acetyldipeptides 
[Gordon et al. 1943 a], and in the light of the results 
of these, some of the fractions derived from gelatin 
were investigated. 


( 1 ) Acetyl-dhleucylglycine was hydrolysed for 36 hr. in 
IQN HCi at ZT. An aliquot of this partial hydrolysate, 
corresponding to 7 mg. of acetyidipeptide was evaporated 
to dryness in vacuo below 40°, and stored overnight in a 
vacuum desiccator over HgSO^ and soda-lime to effect 
complete removal of acetic acid and excess HCi. The 
product was then analysed on a chromatogram, giving: 

Acetylleucine 0*14 mol. per mol. of starting material 

Aeetylleucylglycine 0’13 mol. per mol. of starting material 
And no acetylgiyeine 

(2) A similar experiment with acetylglycyl-f^hleucine 
gave : 

Ho acetylleucine 

Acetylglycyileucine 0*40 mol. per mol. of starting material 
Acetylglycine 0-26 mol. per mol. of starting material 

(3) On the basis of these experiments a portion of frac- 
tion (glycine -leucine dipeptide) was subjected to the 
same procedure, and gave : 

Acetylleucine 0*10 mol. per mol. of starting material 

Starting material 0*22 moL per mol. of starting material 
Acetylglycine 0*15 mol. per mol. of starting material 

This suggests that the peptides glycylieucine and leucyl- 
glycine are simultaneously present in the partial hydro- 
lysate. 

(4) A similar experiment was carried out with fraction 
226. This'gave:'. 

No acetylproiine 

Starting material 0'14 mol. per mol. of starting material 
Acetylglycine A faint trace 


Exp. 4 suggests tha.-t we are dealing with acetyi- 
glycylproline, but is inconclusive owing to the small 
amount of acetylglycine formed. Exp. 2 shows that 
acetylglycine is comparatively resistant to hydro- 
lysis under these conditions — and could therefore 
not have been formed in significant amount at any 
stage. The most plausible explanation is that the 
hydrolysis proceeds almost entirely at the bond 
between the acetic acid and glycine residues, thus 
rendering the method inapplicable. This result 
accords with the view of enhanced stability to acid 
hydrolysis of peptide bonds involving proline imino 
groups which we have postulated above (§ 3 ) to 
explain the coiuse of hydrolysis of gelatin itself 
mider the same conditions. We have not yet con- 
ducted experiments using synthetic acetylglycyi- 
proline to check this hypothesis. 

The method described in outline above may prove 
of value for the location of free amino groups in 
more complicated peptides and in proteins. Ex- 
traction from acid aqueous solution by suitable 
organic solvents of the partial hydrolysis products 
of acetylated proteins or peptides should yield a 
mixture of acetylated amino -acids and peptides. 

Amino -acid analysis of a complete hydrolysate of 
this extract should give information as to the ter- 
minal amino -acids of the peptide chains and in the 
case of a substance consisting of a single imbranched 
acetylated peptide chain, e.g. Ac-x^.x^-Xq... should 
give the order of the residues directly, the quan- 
tities found being in the order x^ > > x ^ , etc. 

The hydrolytic agent need not be an acid, but 
could be alkali, or, if rearrangement is out of the 
question, an enzyme. Other acyl groups than acetyl 
may also prove of value for the method. 

{d) Chemical identification oj monomnino -acids as 
acetyl derivatives. The amounts of acetamino -acids, 
as opposed to acetylpep tides, resulting from the 
fractionations described above, were adequate for 
complete chemical characterization. All were ob- 
tained as the optical stereoisomer, | 

All M.p.’s are given uncorrected. N determina- '■ 

tions were by the Kjeidahl procedure. C, H deter- 
minations were done for us by Dr G. W eiler, Oxford. 

AceiylA-phenylalarime. Crystallization from CHCI 3 of a 
fraction obtained from 10 g. of gelatin in the same way as 
fraction I yielded 22 mg. having m.p. 167-168° (not depressed § 

on admixture of authentic specimen), (a) 45.00 ^ethanol, 

c— 0-5). Jackson & Cahill [1938] record M.r. 170-171°, h; 

{a)f“-f47-6° (ethanol, c = l). (Found: C, 63*4; H, 6-08; | 

N, 6*84%; acid equiv. wt. 208. Calc, for G 11 H 13 O 3 N: f' 

C, 63*7; H, 6*28; N, 6-77%; acid equiv. wt. 207.) ^ 

This isolation of phenylalanine in the optically g 

active state by an acetylation and extraction pro- k 

eedure provides a check on the isolation of the - .v 
racemic material from a wool hydrolysate [Martin & ^ 

Synge, 1941 a] confiiming that racemization did not* 

’-2 : : :■ ":v « 
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take place in the coisrse of isolation. Phenylalanine 
in wool must therefore exist in the racemic state, 
or be very readily racemized dining hydrolysis by 
boiling acid. 

AcetpUhleucine. Crystallization from CHCI3 of a fraction 
obtained from 10 g. of gelatin in the same way as II yielded 
40 mg. having m.p. 180° (not depressed on admixture 
of authentic specimen), (a) - 20-0° (ethanol, c = l*3). 
Martin & Synge [1941a] record m.p. 183-184°, (a)^ -22*6° 
(ethanol, c = 3'3). (Found: C, 56*2; H, 8*37; N, 8*0%; acid 
equiv. wt. 180. Calc, for CgHiAN: C, 55*5; H, 8*67; 
N, 8*1%; acid equiv. wt. 173.) 

If ^soleucine were also present in gelatin, acetyl- 
^^oleucine should be found in the mother liquors 
from the above crystallization, which we have not 
further investigated. Jsoleucine was stated by 
Dakin [1920] to be absent from gelatin. 

Acetyl-hvaline, Crystallization from ethylacetate-benzene 
of a fraction obtained from 10 g. of gelatin in the same 
manner as III yielded 13 mg. having m.p. 155-156*5° (not 
depressed on admixture of authentic acetyl d- valine), 
(a)2^“42° (ethanol, c=04). Gordon et al. [1943a] record 

M. p. 164°, (a)^^“ +4*0° (ethanol, c=2). The present material 
was evidently racemized to a considerable extent. (Found: 
C, 52*7 ; H, 8*00% ; acid equiv. wt. 165. Calc, for C7H13O3N : 
C, 62*8; H, 8*17%; acid equiv. wt. 159.) Our original 
N determination was lost and material did not suffice for 
accurate redetermination. 

Acetyl-l-proline {monohydrate). Crystallization from wet 
ethylacetate of material from fractions 9 and 12 yielded 
50 mg. having m.p. 80° (not depressed on admixture of 
authentic specimen), (a)^®'®’ - 113*4° (water, c = l*3, -ro- 
tation calc, for anhydrous compound). Martin & Synge 
[1941a] record m.p. 78°, (a)^” - 114*0° (water, c = 4*2), and 
give references to previous determinations. (Found : C, 53*7 ; 
H, 7*07% (on anhydrous material.) Calc, for C7HJ1O3N: 
C, 53*5; H, 7*01 %.) (Found: N, 8*1; water of crystalli- 
zation, 10*8%; acid equiv. wt. 170 (on hydrated material). 
Calc, for C7Hii03]Sr.H20: N, 8*0; water of crystallization, 
10*3%; acid equiv. wt. 175.) 

Acetyl-halanine. Crystallization from ethylacetate-ben- 
zene and ethylacetate successively of material from frac- 
tion 8 yielded 40 mg, having m.p. 126-127°, (a) - 65*0° 

(water, c = 0*7), [oc]]^ —36*9° (ethanol, c=0*4). Karrer, 
Escher & Widmer [1926] record m.p. 116°, (a)],®“ -45-6° 
(water, c = 5). Their material must have been grossly race- 
mized as would be expected from their mode of acetylation. 
The acetyl-Z-leucine described in the same paper was pre- 
pared in the same way, and was also largely racemic. 
(Found: C, 45*8; FI, 7*00; FT, 10*4%; acid equiv. wt. 136. 
Calc, for CsHgOsEf: C, 45*8; H, 6*87 ; N, 10*7 %; acid equiv. 
wt. 131.) 

Acetylglycine. Crystallization from ethanol of material 
from fractions 11 and 13 yielded 78 mg. having m.p. 202-203° 
(not depressed on admixture of authentic specimen). 
Curtius [1884] records m.p. 206°. (Found: C, 41*3; H, 6*01; 

N, 12*1 %; acid equiv. wt. 120. Calc, for C4H7O3N: C, 41*oi 

H, 5*98; N, 12*0%; acid equiv. wt. 117.) 

(e) Liberation of free amino ■’acids during the par- 
tial hydrolysis of gelatin. From the figures marked 


with asterisks in Table 7 it is possible to deduce 
minimum figures for the amounts of free neutral 
amino -acids present in the hydrolysate after 4 and 
19 days. Although losses of unknown extent oc- 
curred in the preparation by electrodialysis, of the 
‘neutral’ fractions, they were probably similar for 
both the 4- and 19-day hydrolysates, and the rela- 
tive amounts of the different amino -acids present 
were probably little affected in the course of 
isolation. 

The figures are shown in Table 8, expressed as 
percentages of the number of residues of the same 
species present in the original gelatin. We base 
these latter figures on our present determinations 
shown in Table 2, and employ in addition the mean 
figure for glycine given in that table. 


Table 8. Free amino -acids in partial 
hydrolysates of gelatin 

(As % of total residues of same species present) 


Amino -acid 

4-day 

hydrolysate 

19-day 

hydrolysate 

Basic amino-acids* 

32 

78 

Phenylalanine 

5 

40 

Leucine 

5 

27 

Valine -f methionine 

21 

t 

Proline 

11 

48 

Alanine 

23 

63 

Glycine 

21 

57 


* The free basic amino -acids have been calculated from 
the data in Table 3, and are expressed as a percentage of 
the total arginine 4- histidine 4- lysine residues determined 
by Dakin [1920], assuming for gelatin an N content of 
18*3%. No loss is associated with these figures for basic 
amino-acids, since the ‘basic’ fraction is obtained quanti- 
tatively by electrodialysis (cf. § 4). 

f Not calculated owing to loss involved in isolation of 
fraction 4 (cf. Table 7). 

It will be seen that the different amino -acids are 
liberated at significantly different rates as the 
hydrolysis proceeds. 

DISCUSSION 

Earlier work on the isolation of the products of 
partial hydrolysis of gelatin and other proteins will 
shortly be reviewed by one of us (R. L. M. S.). Here 
it will suffice to mention the isolation by previous 
workers of diketopiperazines corresponding to some 
of the dipeptides isolated in the present study. 
These former resulted either from enzymic hydro- 
lysis or from treatment with hot dilute acids. Our 
hydrolysis with cold concentrated acid did not give 
rise to such products, which, had they been present, 
would have been isolated, since they are extractable 
by organic solvents [cf. Gawrilow & Lawrowsky, 
1927], and would have raised the amino -acid con- 
tent of the final fractions far above the acid equi- 
valent determined by titration. We deduce that 
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these diketopiperazines are artefacts arising by 
condensation from the corresponding dipeptides. 

Glycine -proline anhydride was isolated from en- 
zymic digests by Levene [1910] and from acid 
hydrolysates by Gawrilow & Lawrowsky [1927] and 
Konuma [1938]. Gawrilow & Lawrowsky also ob- 
tained evidence for the occurrence of glycine -leucine 
anhydride. Dakin’s [1920] proline -hy dr oxyproline 
anhydride more probably arose from condensation 
of free amino -acids in butanol than from a corre- 
sponding dipeptide, although the present work gives 
indications of a dipeptide of proline and hydroxy- 
proline (fraction 24). 

The results we have obtained are not inconsistent 
with the structure suggested by Astbury [1940] (cf. 
Bergmann [1935]) for gelatin. One -eighteenth of 
the total residues have not been allotted a definite 
place in this structure, and such peptides as we 
have found (leucylglycine and glycylleucine and 
peptides of bases with neutral amino -acids) which 
could not be fitted into the main arrangement do 
not total one -eighteenth of the whole. To reconcile 
our data with Astbury’ s structure for gelatin it is 
necessary to make the assumption that the acid 
hydrolysis of bonds involving these ‘anomalous’ 
residues proceeds more slowly than for the others, 
and we believe that the structure will be found to 
be much more complicated than Astbury suggests. 

Apart from the arrangement of the small number 
of peptides for which we have obtained definite 
evidence, we have noted what may be an underlying 
structural principle concerning the arrangement of 
the amino-acid residues in the peptide chain; i.e. 
monoamino -acids with longer fatty side -chains 
(phenylalanine, leucine, proline, valine and methio- 
nine) apparently are not linked to one another in 
gelatin. This seems to be established: (1) by the 
almost complete absence of acetylpeptides giving 
bands running faster than acetylvaline on the chro- 
matogram. From the behaviour of synthetic acetyl - 
leucylleucine [cf. Gordon et al. 1943 a] we expect 
that bands due to this type of peptide will move 
faster than that of acetylvaline ; (2) by the fact that 
in no fraction does the sum of the phenylalanine -f 
leucine + proline + valine -f methionine equivalents 
(cf. Table 7) exceed the number of acid equivalents 
before hydrolysis, as would be the case if two resi- 
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dues from this group of acids w^er© in the same 

molecule. 

Being a negative principle, it is less easy to 
establish, and we are tentative in drawing con- 
clusions. But it seems that this spacing out of fatty 
residues along the peptide chain may determine 
some of the peculiar physical properties of gelatin, 
and further that the principle of distribution of 
amino -acids by physical classes [cf. Astbury, 1942] 
may be of general significance with regard to protein 
structure. 

SUMMARY 

1. An investigation has been made of the partial 
hydrolysis of cow-hide gelatin by lOJV HCl at 37°. 

2. ‘Basic’ and ‘neutral’ fractions have been iso- 
lated from the resulting mixtiues by electrodialysis 
at pH 6. 

3. Analysis of the ‘basic’ fractions strongly sug- 
gests that residues of basic amino -acids occur in 
gelatin directly linked to residues of the higher 
monoamino - acids . 

4. Analysis of the ‘neutral’ material by acetyla- 
tion followed by fractionation on silica gel chro- 
matograms has led to the isolation of a number of 
lower peptides in the form of their acetyl deri- 
vatives. 

5. By similar means the gelatin has been analysed 
quantitatively for its constituent monoamino -acids, 
and these have been formally identified in the form 
of their acetyl derivatives. L Valin© has been shown 
to be present, and the rates of liberation of the 
various amino -acids during the partial hydrolysis 
have been studied. 

6. A chromatographic micro -method has been 
developed for the determination of the order of 
amino -acid residues in acetylpeptides, etc, 

7. The relation of the present study to previous 
work on gelatin, and to current theories of gelatin 
structure is discussed. It is suggested that in gelatin 
the higher monoamino -acids do not occur in juxta- 
position along the peptide chain. 

We wish to thank the Director and Council of 
the Wool Industries Research Association and the 
International Wool Secretariat for permission to 
publish this work. 
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It has been established in recent years that adipose 
tissue in the body is not an inert site of fat deposi- 
tion but a tissue with specific metaholic functions. 
This is proved by its respiratory activity [Mirski, 
1942] and by its ability to deposit glycogen under 
suitable conditions [Hoffmann & Wertheimer, 1927 ; 
Tuerldscher & Wertheimer, 1942]. Rurther proof is 
given by experiments showing the dependence of 
various adipose functions upon innervation [Haus- 
berger, 1937]. 

It might be assumed, in view of these results, that 
adipose tissue plays an important part in the de- 
position and mobilization of fat. Investigation of 
the fat metabolism of this tissue may therefore well 
prove of interest for the understanding of the de- 
position and mobilization processes. 

The present investigation arises from the ob- 
servation that aqueous extracts of adipose tissue 
decolorize methylene blue, the speed of the de- 
colorization being enhanced when fatty acids are 
added. It was proposed, therefore, to prepare an 
active fatty acid dehydrogenase from adipose tissue 
and to study the properties of the isolated enzyme. 

Towards the conclusion of this work, abstracts 
of papers by Lang [1939], Lang & Mayer [1939] and 
Lang Sc Adickes [1939], appeared in which the de- 
monstration of fatty acid dehydrogenase in various 
sources is reported. As the original papers are not at 
present available tons, no comparison of methods is 
possible. The authors report that the dehydrogenase 
action is dependent on the availability of musele- 
adenylie acid as coenzyme and that the activity is 
greater to high than to low fatty acids. 

METHODS 

Preparation of enzyme solution. Adipose tissue 
from the leg region and the abdominal cavity of rats 
is cut into small pieces with scissors and crushed 
with twice its weight of sand. The pulp thus ob- 
tained is extracted with 2 volumes of distilled water 


for hr. at room temperature and centrifuged. The 
supernatant is freed of fa4 by filtration. The liquid 
is then dialysed through cuprophan for 6-20 hr. 
against running tap w'ater. Adipose tissue of rabbits 
did not yield active extracts. 

Boiled tissue juice was prepared by boiling 2 g, 
of adipose tissue pulp with 5 ml. w’ater in a water 
bath for 30 min. The juice is filtered while hot. 

Crude cozymase preparatio7i was prepared accord- 
ing to Euler [1931]. Solutions obtained after 
cleavage of the lead precipitate with HgS were used 
for the experiment. 

Dehydrogenase activity estimations were carried 
out according to Thunberg. Test mixtiues consisted 
of 0-1 ml. Af/2 phosphate buffer pH 8*0, OT ml. 
methylene blue (1/5000), with, the following addi- 
tions: 0*5 ml. enzyme solution, 0*1 ml. substrate 
(Af/20) and 0*1 ml. eoenzyme. When one of these 
constituents was not added it was replaced by dis- 
tilled w^ater. Fatty acids in the experimental mix- 
ture were neutralized with Nf^OH and brought to 
pH 8*0. In some cases, dehydrocholie acid was used 
for dispersion, as it had no influence on the dehydro- 
genase activity, 

EXPERIMENTAL 

As is shown in Table 1, extracts dialysed for 20 hr. 
did not cause decolorization of methylene blue even 
after the addition of fatty acids. However, when 
boiled tissue Juice was added decolorization took 
place. The speed of decolorization was markedly 
enhanced by addition of fatty acids. Crude co- 
zymase instead of tissue juice may be used with 
even better results. Neither tissue juice nor co- 
zymase preparation caused decolorization when 
added to fatty acids but without enzyme. When 
enzyme solution boiled for 5 min. was used de- 
colorization failed to take place even in the presence 
of coenzyme and substrate. The enzyme nature of 
the dehydrogenase is thus established. 
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Table 1. Enzymic reduction of methylene blue 


Time of 
decoL 
min. 

No decol. 


No decol. 


Addition to 
enzyme soln. 

None 

Stearate 

Boiled Juice 

Boiled juice 4- stearate 

Crude cozymase 

Crude cozymase + stearate 

Boiled enzyme + crude cozymase + stearate 
Boiled Juice + stearate 
Crude cozymase -i- stearate 


In view of the report of Lang & Mayer [1939], 
experiments were undertaken to examine whether 
muscle adenylic acid can replace boiled tissue juice 
or crude cozymase as coenzyme. This was found to be 
the case. Indsinic acid can also act as coenzyme. Yeast 
adenylic acid did not display coenzyme activity. 

Table 2. Influence of coenzyme on reduction 
of methylene blue _ 

Addition to decol. 

enzyme soln. min. 

None No decol. 

Palmitate „ 

Muscle adenylic acid (20 mg. %) 120 

Muscle adenylic acid (20 mg. %) + palmitate 3 

Inosinic acid ( 20 mg. % ) 36 

Inosinic acid (20 mg. %) + palmitate 3 

Yeast adenylic acid + palmitate No decol. 

As is shown in Table 2, although inosinic acid can 
act as coenzyme, the use of adenylic acid is pre- 
ferable, as inosinic acid itself caused comparatively 
rapid decolorization even in absence of substrate. 
Diphosphopyridinenucleotide does not seem to be 
involved, since adipose tissue extracts capable of 
serving as coenzyme of fatty acid dehydrogenase 
could not activate lactic dehydrogenase of muscle. 
In addition to' coenzyme, inorganic phosphate must 
be present for this dehydrogenase action. When the 
phosphate buffer is replaced by bicarbonate, de- 
hydrogenation is comparatively slow, as is shown 
in Table 3. 

Table 3. Effect of phosphate on dehydrogenation 

Time of 

Addition to * decol. 

enzyme soln. min. 

, Adenylic acid + phosphate 90 

Adenylic acid + phosphate + palmitic acid 4 

Adenylic acid + 1-3% bicarbonate 110 

Adenylic acid + 1*3 % bicarbonate + palmitic acid 75 

pH optimum of fatty acid dehydrogenase 

In determining the optimmnpH for the dehydro- 
genase, difficulty was encountered in keeping the 
fatty acid in suspension below _pH 8- This was 


overcome by the use of Na dehydrocholate as dis- 
persing agent. Stearic acid was dispersed in 0*5% 
Na dehydrocholate and the reaction brought to the 
required pH with NaOH. By this means a com- 
paratively stable suspension could be obtained at 


Fig. 1. a, without substrate. 6, with stearic acid. 

as low a pH as 6*0. Controls containing the same 
amount of Na dehydrocholate were done. The results 
are shown in Fig. 1, which demonstrates a clear 
optimum of dehydrogenase action at about pH 8. 

Substrate specificity 

The activity of the enzyme towards fatty acids 
of different chain lengths, with even and uneven 
number of carbon atoms, as well as towards other 
substrates, was examined. A crude cozymase pre- 
paration was used in these experiments as coenzyme. 
The results are summarized in the following table. 

Table 4. Specificity of dehydrogenase 

Time of decol. 

Addition min. 

Enzyme + no substrate 90 

-I- stearate 2 

4- palmitate 3 

4-caprmate 10 

4capronate 10 

4- valerate 25 

4 butyrate 33 

4oleate 1^ 

4 succinate 5 

4 - lactate 30 

4 glycerophosphate 18 

4 lecithin (sheep brain) 10 

4 cephalin (sheep brain) 12 

No enzyme 4 lecithin >180 

4 cephalin >180 

4oleate >180 

The table shows clearly that with diminishing 
fatty acid chain length the enzyme activity de- 
creases* The nnsaturated fatty acid oleic acid is 
dehydrogenated much more slowly than the corre- 
sponding saturated acids. Also phospholipins are 
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dehydrogenated by the enzyme. Separate experi- 
ments confirmed, that with phospliolipins, as with 
fatty acids, the same coenzyme and inorganic phos- 
phate are needed for dehydrogenase action. The 
optimal pH for fatty acid was found to be the same 
as for phospholipins. Of other substrates tested, 
succinate alone was foimd to be dehydrogenated at 
a rate comparable with that of the fatty acids. 

In order to ascertain whether the fatty acid de- 
hydrogenase was able to act on neutral fat, a dis- 
persing agent other than fatty acid had to be 
employed. A suspension of neutral fat in 1 % lauryi 
alcohol sulphonate was used. As Table 5 shows 
this agent had no inhibiting effect on fatty acid 
dehydrogenation. Nevertheless, no decolorization 
of methylene blue was observed with a suspension 
of neutral fat. 

Table 5. Action of dehydrogenase on neutral fat 

Addition to Time of decoL 

enzyme soln. min. 

No substrate + coenzyme 75 

Palmitate -f coenzyme 4 

Palmitate -f coenzyme + lauryi 
alcohol sulphonate 4 

Neutral fat in lauryi alcohol 
sulphonate -h coenzyme >120 

Inhibitors of dehydrogenase action 

In view of the fact that inorganic phosphate was 
necessary for dehydrogenase action, a number of 
poisons of phosphorylating reactions were examined 
as to their effect on fatty acid dehydrogenation. 
Other dehydrogenase poisons were also tested. In no 
case could an inhibiting action of these substances 
be observed. The substances and concentrations 
tested were: monoiodoacetate Mj 100, phloridzin 
MjlOO, NaF M/50, maleic acid M/200, pyrophos- 
phate M/200 and benzoate M/IOO. 

These results, as well as the impossibility of de- 
monstrating any decrease in inorganic phosphate 
during dehydrogenase action, seem to exclude the 
possibility that the activating action of phosphate 
on the dehydrogenase involves phosphorylation. 

The finding that maleate and pyrophosphate 
failed to inhibit decolorization is evidence against 
the identity of fatty acid dehydrogenase with 
succinic dehydrogenase. 

Distribution of enzyme 

An enzyme which desaturates fatty acids could 
be demonstrated in liver, muscle, heart, testes. 


brown fat as well as in adipose tissue. No activity 
could be demonstrated in brain. With these tissues, 
phospholipins were dehydrogenated at the same 
speed as fatty acids, in contrast to adipose tissue. 
Activity in these tissues was not as clearly demon- 
strated as in adipose tissue. This was due to the 
presence of other active dehydrogenases with their 
substrates, which caused decolorization in the ab- 
sence of fatty acids. In order to remove all hydrogen 
donators prolonged dialysis (at least 24 hr.) was 
necessary. This treatment, however, also weakened 
the fatty acid dehydrogenase. Better results were 
obtained when the clit organs were washed with 
0*9 % NaCl and then extracted with distilled water, 
followed by dialysis for 4-6 hr. 

Influence of oxygen 071 dehydrogenase 

Attempts to demonstrate dehydrogenase activity 
by measirring Og consumption in the presence of 
methylene blue were unsuccessful. This finding is 
explained by the fact that the enzyme mixed with 
coenzyme and substrate is inactivated in the pres- 
ence of Og. If, after mixing all components of 
reaction, the mixture is allowed to stand at room 
temperature in the air for 10 min. before evacuating, 
no activity can be observed even with Thunberg’s 
method. 

SUMMARY 

1. A fatty acid dehydrogenase has been demon- 
strated in extracts of adipose tissue. Its activity 
depends on the presence of a coenzyme, adenylic 
acid, and inorganic phosphate. 

2. The optimum ^H of the dehydrogenase is 8‘0. 

3. Activity is highest with the natural, long 
chain, fatty acids and decreases with diminishing 
chain length. 

4. The dehydrogenase also oxidizes phospho- 
iipins. Of other substrates tested only succinate 
was dehydrogenated at a rate comparable to pal- 
mitic and stearic acid. Neutral fat does not seem 
to be attacked. 

5. Of tissues other than adipose tissue, liver, 
muscle, heart and testes, were proved to contain 
fatty acid and .phospholipin dehydrogenase. 

6. Monoiodoacetate, phloridzin, NaF, maleic 
acid, pyrophosphate and benzoate at fairly high 
concentrations do not affect the enzyme. 

7 . Exposure of the reaction mixture to Og caused 
rapid inhibition of the enzyme activity. 
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Tlie calcification of bones in both normal and patho- 
logical conditions, especially in rickets, is frequently 
described in terms of ash content in preference to 
histological structure. The methods used in the de- 
termination of bone ash vary little from one labo- 
ratory to another as regards the procedures for the 
extraction of the fat and the ashing of the bones, 
but the choice of the particular bone or bones to be 
examined is a matter of individual preference. 
Chick & Roscoe [1926] ashed femiu*, tibia and fibula 
together in the determination of the ratio mineral 
ash/organic residue as a rachitogenic index. Kon & 
Henry [1935], in carrying out prophylactic estima- 
tions of vitamin D, determined the percentage ash 
from one femur and one humerus together for each 
rat. Other workers have chosen one bone only as 
sufficiently representative, e.g. the tibia [Schultzer, 
1931] or the femur [Bethke, Kick & Wilder, 1923]. 
In any of these procedures the final value for each 
rat is obtained from a single determination or from 
duplicate determinations made on right and left 
bones. Bethke et al. [1923] ashed separately the 
humeri and femora of each rat and obtained an 
average value from separate analyses of bones from 
different parts of the body. 

In this laboratory it has been customary to follow 
Bethke’s technique, and after many determinations 
it became apparent that these two bones from rats 
receiving a rickets -producing diet showed a differ- 
ence in the degree of calcification, and that this 
difference increased with an increase in the severity 
of the rickets. Coward, Kassner & Waller [1938] 
have published a series of bone ash values from rats 
receiving a diet deficient in calcium. These values 
were all much lower than normal even with ample 
supplements of vitamin D. Their results show that 
in all groups the percentage ash was at a level 
usually associated with rickets but that there was 
little difference between humerus and femur. To 
study this point further a detailed analysis of ail 
bone ash values which had been obtained in this 
laboratory was undertaken. 

COLLECTION OF DATA 

Data have been obtained over a period of several 
years, and include results already published. The 
percentage ash in the dry fat -free humerus was 


chosen arbitrarily as the basal value, and the results 
have been arranged in order of magnitude with 
respect to this datum, irrespective of sex of the rat, 
and of the dose of vitamin D given. The difference 
(d) between the percentage ash in the humerus and 
femur was related to the percentage ash in the hu- 
merus (H) by means of the expression (d x 100)/jff. 

EXPERIMENTAL 

All the animals were albino rats from the inbred 
colony of Wistar strain, maintained on a stock diet 
[Coward, 1938]. The young rats were weaned at 
23 days, at an average weight of 40-45 g. ; the test 
period was 5 or 6 weeks, except in one early experi- 
ment of only 4-| weeks; four rats out of the total 
of 38 on stock diet were fully grown. At the end of 
the test period, both humeri and both femora were 
dissected out and the ash content determined on 
the dry fat-free bones, the right pair being taken 
from each rat. In two early experiments both 
humeri and both femora were ashed together, but 
this was not the usual procedure. 

RESULTS 

A. The influence of diet 

Evidence was available from three different types 
of diet: 

(а) Rachitogenic diet of the high Ca and low P 
type, Steenbock 2965 [Steenbock & Black, 1925] : 
194 rats. 

(б) Low Ca diet, the ‘poorer class ’ diet described 
by Coward et al, [1938]: 109 rats. 

(c) Stock diet as used in the rat colony: 38 rats. 

The results, which for convenience have been 
grouped in ranges of four according to the per- 
centage ash of the humerus, are shown in Table 1 
and represented graphically in Fig. 1. The rats 
receiving stock diet, being so few in number, have 
been included in a single group in the table. In 
severe rickets the difference in calcification between 
humerus and femur is clearly shown. This difference 
decreases as the state of calcification improves. On 
the other hand, there is no difference between the 
two bones of rats receiving either stock diet or 
low Ca diet. 
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All tb,e evidence available related to differences 
between liumeriis and femur from rats which had 
received the rachitogeniC' diet + vitamin D, so an 
experiment was carried out to determine the effect 
of the imsupplemented diet. It has been shown 
[Boui’diilon, Bruce, Fischmann & Webster, 1931; 



Range of percentage ash in the humerus 

Fig. 1. The relation between the ash content of the 
humerus and the difference in calcification of humerus 
and femur of rats receiving three types of diet. • — • 
Rachitogenic diet, x — x Low calcium diet, [o] Stock 
diet. Small figures give the number of animals. 


Bacharach, 1940; Coward & Kassner, 1941] that 
the variation between litters is greater than the 
variation within the litter for many types of bio- 
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greatly in excess of the prophylactic requirement 
for young rats of our colony ; group 3 received the 
rachitogenic diet only. 

As comparatively few figures are available in the 
literature for individual responses in bone calcifica- 
tion, full protocols as well as the average values for 
this test are presented in Table 2. The regularity of 
response in these three groups, where maximum 
effects are being measured, is the outstanding fea- 
ture of this table. The range of variation in the 
percentage ash of the humerus in all three groups 
is lower than that usually found among rats re- 
ceiving the rachitogenic diet with a supplement of 
vitamin D insufficient to give complete calcification. 
Particularly is this the case for group 3, for under 
these conditions of diet rickets develops with regu- 
larity. 

In the rachitic bones from group 3 in which the 
calcification is very poor (28*11% ash in the hu- 
merus), the difference between humerus and femur 
is striking and is clearly significant. On a complete 
diet there is a difference in calcification between 
the humerus and femur, = P = very slightly 
>0*05 for group 1. The calcification in group 2 is 
less than that in group 1, and the difference betw-een 
the humerus and femur, though small, is significant, 
ta=S-55, P = much <0*01. The inability of vita- 
miTi to correct the faulty calcification 


i i \ logical response. In the figures so far quoted no brought about by a rachitogenic diet of the high Ca 

r ‘ account has been taken of litter -mates nor indeed and low P type has often been recognized and is 

of any variable other than the percentage ash in the generally attributed to the limiting effect of the P 
dry fat -free humerus. Therefore in this experiment [Hume, Pickersgill & Gaffikin, 1932]. 
comparisons were made of litter-mates subjected It should also be noted that when the ash is 
to the different conditions. calculated on the basis of mg./lOO g. body weight 

Table 1 . The absolute and percentage dijferences in ash content of hmnerus ayid femur of rats 
receiving three types of diet and the stmidard deviations of those differences 
Mean difference ‘d’ 

between the % ash Mean difference ‘d’ 

in the humerus Standard deviation expressed as % Standard deviation of 

and femur of ‘d’ (d x 100)/P (d x 100)/f/ 


Range of 
% ash 
in the 

Rachito- 

genic 

A 

Low 

Ca 

Stock 

r 

Rachito- 

genic 

Low 

Ca 

Stock 

r 

Rachito- 

genic 

Low 

Ca 

" ’ A 

Stock 

f 

Rachito- 

genic 

Low 

Ca 

Stock 

humerus 

diet 

diet 

diet 

diet 

diet 

diet 

diet 

diet 

diet 

diet 

diet 

diet 

20-23 

(3-04)=*^ 

— 

— 

— 





(13*5)* 



— 

— 

— 

— 

24-27 

6'22 

— 

— 

1*38 

— 

— 

23*0 

— 

— 

5*08 

— 

— 

28-31 

6*29 

— 

— 

1*77 

— 

— 

20*9 

— 

■ — 

5*85 



32-35 

5.77 

— ■ 

— 

2-09 

— 

— 

17-0 

— 

— 

6*17 

— 

— , 

36-39 

5*06 

-0-09 

— 

2*39 

1*69 



13*4 

-0*3 

— 

6*32 

4*41 


40-43 

3.49 

-0-24 

— 

2-40 

2*06 

— 

8*4 

-0*5 

— 

5-81 

4-93 

— 

44-47 

2*25 

■f0*15 

— , 

2-88 

1*26 



4*9 

0*3 

, — 

6-35 

2>70 


48-51 . 

1*09 

+ 0*58 

— 

1*33 

1-42 

— 

2*2 

1*2 

— 

2-69 

2-81 

— 

'52-55 

(0-63)t 

+ 1*47 

— 

— 

1*14 

— 

{l*2)t 

2-7 

— 

— ^ 

2*06 

— 

54-63 


— 

0-11 

— 

— 

0*79 


— ■ , 

0*2 

— 

. — 

1*36 


* Two rats only. f One rat only. 

The number of animals in each group varies from 11 to 61 and is given in Fig. 1. 


39 rats were divided into three litter -mate groups the calcification in the group receiving the rachito- 
of six bucks and seven does. Group 1 received stock genic diet alone is very much less (54*4 mg. ash/ 
diet; group 2 received the rachitogenic diet with 100 g.) than that of the rats receiving either stock 
SOi.u. vitamin D 2 per week, this being a dose diet (130*8 mg. ash/100 g.) or the rachitogenic 
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Table 2. Full protocols of individual responses as regards hone ash and body weight of rats receiving 
stock diet or racliitogenic diet with ajid without added vitamin Dg 


Group .Diet 
1 Stock 


2 Rachitogenic 
plus excess 
vitamin Do 


3 Rachitogenic 


Average 


Difference 


Total ash 





in % ash 


Body weight 


from both 




between 

Difference 

( 



bones ex- 



% ash in 

humerus 

expressed 

At 

At 

Increase 

pressed as 



humerus 

and femur 

as % 

start 

end 

in wt. 

mg./100,g. 

Litter 

Sex 

H 

d 

id X 100)/H 

%• 

g* 

g. 

body weight 

9700 

2 

56*40 

-0*24 

-0*4 

42 

111 

69 

141*4 

9702 

c? 

57*28 

0*70 

1*2 

45 

173 

128 

120*3 


? 

55*91 

-0*72 

-1*3 

46 

124 

78 

145*1 

9705 

$ 

57*14 

-0*23 

-0*4 

46 

'138 

92 

139*6 

9715 

o 

56*52 

-0*06 

-0*1 

46 

155 

109 

119*5 


? 

59*06 

1*23 

2*1 

44 

144 

100 

141*0 

9720 

s 

54*50 

■ 0*74 

1*4 

48 

153 

105 

121*4 

$ 

57*85 

1*18 

2*0 

42 

131 

89 

129*1 

9722 


57*50 

1*49 

2*6 

46 

158 

112 

125*5 


o 

58*33 

0*04 

0*1 

48 

175 

127 

122*7 

9728 

$ 

58*65 

0*78 

1*3 

46 

127 

81 

134*3 

9744 

s 

57*41 

2*58 

4*5 

48 

180 

132 

122*7 



57*14 

-0*45 

-0*8 

41 

128 

87 

138*2 

Average 

57-21 

0*54 

0*94 

45*2 

145*9 

100*7 

130*8 

S.D. 


1*20 

0*93 

1*63 

__ 

— 

— 

9*36 

9700 

$ 

51*33 

1*80 

3*5 

46 

77 

31 

118*7 

9702 


49*78 

0*66 

1*3 

49 

83 

34 

122*8 


? 

51*45 

0*87 

1*7 

44 

84 

40 

124*9 

9705 


50*63 

0*40 

0*8 

50 

98 

48 

119*1 

9715 

(5 

50*13 

0*86 

1*7 

50 

107 

57 

105*6 

$ 

49*75 

1*67 

3*4 

43 

71 

28 

113*0 

9720 

c? 

49*83 

4*55 

9*1 

45 

70 

25 

109*6 

0 

49*34 

2*65 

5*4 

47 

66 

19 

127*9 

9722 

$ 

49*06 

0*55 

1*1 

47 

96 

49 

105*0 

$ 

52*73 

0*63 

1*2 

45 

83 

38 

121*2 

9728 

$ 

51*92 

M9 

2*3 

44 

59 

15 

144*7 

9744 


48*64 

M2 

2*3 

49 

70 

21 

126*9 

0 

48*40 

-0*69 . 

-1*4 

41 

64 

23 ■ 

122*7 

Average 

50*23 

1*25 

2*49 

46*2 

79*1 

32*9 

120*2 

S.D. 


1*31 

1*27 

2*55 


— 

— 

10*62 

9700 

$ 

27*37 

8*91 

32*6 

43 

54 

11 

48*3 

9702 

$ 

28*50 

6*91 

24*2 

50 

68 

18 

52*2 


$ 

27*57 

4*42 

16*0 

43 

56 

13 

56*4 

9705 


27*16 

6*83 

25*1 

45 

53 

8 

60*6 

9715 

C? 

28*15 

6*86 

24*4 

45 

53 

8 

57-0 

$ 

28*75 

5*58 

19*4 

44 

52 

8 

57*9 

9720 


27*92 

6*95 

24*9 

48 

63 

15 

54*9 


$ 

29*08 

5*74 

19*7 

46 

56 

10 

55*5 

9722 

$ 

29*25 

7*31 

25*0 

48 

63 

15 

51*6 


$ 

27*64 

5*17 

18*7 

46 

61 

15 

53*1 

9728 

$ ^ 

29*43 

7*21 

24*5 

46 

59 

13 

57*1 

9744 


28*21 

8*92 

31*6 

49 

65 

16 

51*1 


$ 

26*39 

6*99 

26*5 

41 

51 

10 

51*8 ' 


28*11 

0*89 


6*75 

1*30 


24*05 

4*77 


45*7. 


58*0 


12*3 


54*4. 

3-4I- 


S.D. 
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diet + vitaniiii D (1.20 *2 mg. asli/lOOg.). The increase 
in body -weight is considerably less for rats on the 
rachitogenic diet than for rats on stock diet, even 
with excess of vitamin D. On the rachitogenic diet 
alone, this increase was very small from the start, 
and during the last 2 weeks a slight decrease took 
place. 

B. Distribution of calcification in the bone 

In the rachitic bone the metaphyses are greatly 
affected while the changes in the shaft are smaller 
and proceed at a slower rate during the develop- 
ment of the lesions [Hess, Berliner & Weinstock, 
1931]. This suggested that the relatively small total 
ash content of the femur of a rachitic rat might be 
due entirely to the relatively large metaphyses. 
The weights and ash contents of the ends and 
shaft of the bones wwe therefore determined 
separately. 

Left bones representative of each of the three 
diets (stock diet, low Ca diet, rachitogenic diet) 
were taken. The division of each bone into three, 
a shaft and two ends, was chosen arbitrarily but 
the cuts were always made as nearly as possible in 
the same places — in the femur just below the lesser 
trochanter and just above the condyles, in the 
humerus at the surgical neck and just below the 
supratrochlear fossa. For each bone the shaft was 
weighed alone and the two ends together. The re- 
sults are shown in Table 3. Calcification is distri- 


whole femur was thus not entirely due to the fact 
that its metaphyses were relatively large, though it 
was partly due to this factor since the percentage 
difference was larger for the whole bone (6*68) than 
for either the shaft (4*60) or ends (4-27). 

The fall in the ash content of the bones of the 
rachitic rats was most marked in the femur and 
particularly in the ends of the femur. This is perhaps 
due to the strain placed upon this bone because the 
weight of the rat is carried mostly on its hind legs. 

In view of the many sources of possible error both 
in cutting dry fat -free bones and in ashing very 
small pieces of bone it should be emphasized that 
the figures in Table 3 represent only a general state 
of affairs. When the percentage ash in the whole 
left bone was calculated from that of the two parts 
and compared with the percentage ash previously 
determined for the corresponding right bone, the 
agreement in nearly all cases was good, showing 
that the figures in the table are representative of 
the bone both as regards relative proportion of 
parts and as regards their calcification. 

These results suggest that, as is the practice in 
both the X-ray and the line test techniques, one 
part of one bone only might, with advantage, be 
used in the assay of vitamin D by the bone ash 
method. The difference in ash. content between a 
severely rachitic bone and one "showing the maxi- 
mum calcification brought about by vitamin D 
alone, is 19-89% for the humerus alone, 26*06% 


Table 3. Ash content of ends as compared with whole bone and comparison 
between these portions in femur and humerus 


Weight of ends 
Total weight 


% ash in whole bone 
(calculated) 


Difference in % ash in 
humerus and femur 


Group animals 

Diet 

Humerus 

Femur 

Humerus 

Femur 

Shaft 

Ends 

Whole bone 

1 

8 

Rachitogenic 

51 

61 

29-40 

22-72 

4-60 

4-27 

6-68 

2 

6 

Rachitogenic 
-(-vitamin D 

47 

49 

49-82 

48-23 

2-66 

-0-27 

1-59 

3 

10 

Low Ca 

46 ‘ 

45 

46-70 

45-61 

2-87 

-0-88 

1-09 

4 

7 

Stock 

42 

41 

57-85 

56-19 

2-75 

0-36 

1-66 


buted in approximately similar proportions between 
shaft and ends in both humerus and femur for 
groups 2, 3 and 4; that is to say for rachitogenic 
diet + vitamin Dg , low Ca diet and stock diet, the 
humerus and femur show about the same degree of 
calcification, although the level varies with the diet, 
and so do the ends of both humerus and femur. In 
contrast to this, these bones from rats which have 
received the imsupplemented rachitogenic diet differ 
from one another both as regards the distribution 
of calcification between shaft and ends and also as 
regards absolute values for ash contents. The figures 
for rachitic rats show a difference between the two 
bones even when the shafts and ends are considered 
separately. The relatively low ash content of the 


for the femur alone, 22-98 % for the average of the 
humerus and femur and 28-31 % for the ends of the 
femur alone. These figures suggest that by using for 
the assay only the ends of the femur, which show 
the large response to vitamin D, an increase in the 
^ range of calcification is secured and hence a steeper 
curve of response and one which might be more 
sensitive for low doses. But further work is required, 
since the data here reported are insufficient to 
establish the point. 

C. Influence of sex 

In the young female rat ossification proceeds 
more rapidly than in the male [Cox & Imboden, 
1936]. Donaldson [1924] gives figures showing that 
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Table 4. The influence of sex on bone ash content 


Range of 
% ash 


No. of 
animals 


Average value 
oid 


Average value of 
{d X 100)/// 


Diet 

Rachitogenic 


Low Ca 


in the 

^ 

^ 

r 


f '' 

N 

humerus 

d 

? 

d 

0 

d 

? 

24-27 

18 

9 

6-29 

6*07 

23*4 

22-4 

28-31 

35 

26 

6-49 

6-02 

21’7 

19-9 

32-35 

20 

15 

5-89 

5-60 

17-4 

16-4 

36-39 

12 

8 

4-38 

6-07 

1L7 

16-0 

40-43 

10 

12 

3*16 

3-77 

7*6 

9-1 

44-47 

3 

8 

4-58. 

1-38 

9-7 

3-0 

48-51 

7 

8 

1-09 

L09 

2-2 

2-2 

36-39 

10 

5 

0*12 

-0-50 

0-3 

-1-4 

40-43 

8 

13 

-0-43 

-0-12 

-M 

-0*2 

44-47 

20 

12 

0-38 

-0'24 

0-8 

-0-5 

48-51 

17 

8 

0*82 

0-08 

1-6 

0-2 

52-55 

6 

10 

L34 

1-55 

2-5 

2*9 

54-62 

20 

18 

017 

0-05 

0*3 

0*1 


at both 100 and 150 days of age the humerus and 
femui' of female rats have a higher percentage of 
ash than those of male rats. The figures given in 
Table 1 have been analysed in Table 4 according 
to the sex of the animal. The differences in ash 
content between the rachitic humerus and femur is 
shown equally by both sexes. 

SUMMARY 

1. When low calcification in rats, as measured by 
the ash content of the humerus, is due to shortage 
of vitamin D, the femur shows an even lower calcifi- 
cation. When, however, it is due to a deficiency of 
either Ca or P without a simultaneous shortage of 
vitamin D in the diet, no difference in calcification 


between the two bones is observed, neither is a 
difference found in the bones of rats receiving a 
stock diet. 

2. In the femui* both the relatively large meta- 
physis and the extremely low calcification of this 
part make the ash content of the whole bone lower 
than that of the humerus when there is a deficiency 
of vitamin D in the diet. 

3. The differences between the rachitic humerus 
and femur are not influenced by the sex of the 
animal. 

The authors wish to express their thanks to Prof. 
J. H. Gaddum and Dr K. H. Coward for their help 
and interest throughout the course of this work. 
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The Preparation of Deoxy cholic Acid from Cholic Acid 

By G. A. D. HASLEWOOD, Guy^s Hospital Medical School, Sherwood Park, Tunbridge Wells, Kent, 
and the British Postgraduate Medical School, London, W. 1 2 

{Received 21 October 1942) 


Deoxycholic acid (3:i2-dihydroxycholanic acid) has 
been made from cholic acid in small yield by hydro- 
genation of the derived 3:12-dihydroxycholenic acid 
[Boedecker & Volk, 1922], but this method is of 


academic interest only. The present work, as already 
stated [Haslewood, 1942], aims at the production 
of deoxycholic acid by a convenient method from 
the readily available cholic acid, to supplement the 
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rather imcertain preparation from bile of Ka deoxy- 
cholate for bacteriological use. Kazho & Shimada 
[1937] showed that cold chromic oxidation of cholic 
acid (I) 3-lwdroxy“7:12-diketoeholanic acid 

(II, this was confirmed by Bergstrom & 

Haslewood [1.939]. Moreover, although Kaziro & 
Shimada could not obtain a moiio-ketonic acid, they 
indicated that such a substance might be formed, 

H CH3 H 

O CH.(CHij)2.COOH O 


in an overall yield of about 30 % of theory. De- 
oxycholic acid, also of good c|uality and apparently 
free from cholic acid, was given in an overall yield 
of 40-50% of theory by direct reduction of the 
crude oxidation product. Litliocholic acid may 
have been an impurity in this final material, for, 
although it was not apparent therein, it was found 
in small amount in the mother -liquors. Reduction 




CH.(CH2)i,.C00fl 



CHg 

Ch‘.(CH2)2,COOH 


CH3 

0 <1;h.(ch„)o.coor 
it cni 




CH3 

CH.(CH2)2.C00R 


O CH.(CH.,)„.C00H 
if CH,1 



since Wieland & Dane [1932] had shown that 7:12- 
dihydroxyclioianic acid was oxidizable to give a 
7 -keto- 12 -hydroxy derivative. Direct chromic oxi- 
dation of cholic acid has now been made to yield the 
expected derivatives of 7-keto-3:12-dihydroxycho- 
iaiiic acid (III), easily reduced to deoxyeholic acid 
(V). This, isolated as the ether-complex, was identi- 
fied by its usual properties and by conversion into 
the characteristic dehydrodeoxy cholic acid (VI). 

Controlled chromic oxidation was carried out by 
the addition of K2Cr04 to cholic acid dissolved in 
acetic acid. Many experiments showed that the 
highest yield of 7-keto-compoimds was obtained 
(a) when the solvent was highly purified acetic acid, 
and (6) when the reaction was greatly slowed. These 
conditions were met by the addition of measured 
amounts of K2Cr04 in concentrated solution and by 
buffering the mixture with ISTa acetate. This method 
enabled a crystalline semicarbazone (mainly of 
7-keto-3:12-dihydroxycholanic acid III, R = H) to 
be isolated in yields of about 45 % of theory when 
chromate was added in amoimt equivalent to one 
atom of oxygen. The semicarbazone, however, con- 
tained small amounts of cholic acid, which appeared 
in the final product. This impurity could be re- 
moved, but better yields were obtained by using 
chromate equivalent to two atoms of oxygen, when 
the semicarbazone, though contaminated with high- 
melting material, gave a very pure deoxyeholic acid 


[ef. Longwell & Wintersteiner, 1940; Kon & Soper, 
1940] was performed witli Na ethylate -hydrazine at 
200° for 3 hr., with the use of minimal amounts 
of Na. 

The intermediates (III), 7-keto-3:i2-dihydroxy- 
cholanic acid and its ethyl ester, w“ere obtained from 
the oxidation product or from the semicarbazone. 
On acid-alcoholic Irydrolysis, the latter gave elh/l 
7 -heto-3 : 12-diliydroxycholanate (III, .Z^ = C2H'6), m.p. 
(imeorr.) 160-161°, depressed by ethyl 3-hydroxy- 
7: 12-diketoeholanate (II, R = CgHg) but not by ethyl 
cholate. The same ester m.p. 160-161° was isolated 
after esterification of the crude chromic oxidation 
product. It is easier to prepare the 7 -keto -ester 
(the most easily purified of the intermediates) by 
over-, rather than by under-oxidation of cholic acid, 
since its separation from ethyl cholate is difficult. 
The crystalline ester (III, i^iziCaHs) was oxidized 
to ethyl dehydrocholate (IV, R ==? C2H5) and re- 
duced, with saponification, to deoxyeholic acid. The 
interesting 7-keto-3:12-dihydroxycholaniG acid (III, 
R = H), from the ethyl ester, separated from dilute 
aqueous acid as hydrated crystals, m.p. ca, 83°, and 
could be recrystaliized from the same solvent al- 
though it did not crystallize from organic solvents 
in the usual way. The cholic acid derivatives could 
be distinguished from the others here mentioned by 
the HCl test of Hammarsten [1909], which gave a 
yellow colour with the 7 -keto -compounds (III) and 


r 
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green colours with mixtures of these and substances 
with the cholic acid nucleus. The test was of great 
value during this investigation. 

EXPERIMENTAL 

All M.P. are imcorrected. Elementary micro -analysis was 
carried out by Dr H. Nisbet, Edinburgh. Deoxycholic acid 
was obtained as the ether- complex, m.p. 150-155°. Samples 
of every preparation obtained in altered conditions were 
oxidized in the usual way with CrOa to give dehydrodeoxy- 
cholic acid, crystallizing from dilute alcohol in characteristic 
glistening leaflets of m.p. 184-186°, decomp., not depressed 
by authentic material. 

Hammarsten’s HCl test was done by boiling a mixture 
of 2-3 mg. of material with 0-2 ml. of strong HCl in a small 
tube for 1-2 min. The characteristic colours appeared after 

1-2 hr. 

Preparation of deoxycholic acid, (a) Oxidation and purifi- 
cation. n g. {n — 1-10) of dried and powdered cholic acid 
were dissolved at 60-70°, in a flask of at least IOOt?. ml. 
capacity, in lOri ml. of glacial acetic acid. At the same 
temperature, 2n g. of CHgCOONa . SHgO crystals were added 
and dissolved. The mixture was cooled at once to 18-20° 
and treated with ml. ( =2w atoms of 0) of K2Cr04 solu- 
tion (31-7 g. of K2CrO4/100 ml.), added slowly with shaking, 
agitation at intervals being continued until all precipitated 
chromate had dissolved. After at least 24 hr., the solution 
was diluted with lOn ml. of HgO, and lOw g. of crude NaCl 
were added. When this had dissolved, and after further 
standing, with occasional shaking, for 24 hr., the liquor was 
decanted through a filter and the residue and filter washed 
with HgO. lOn ml. of N NaOH followed by 20n ml. of HgO 
were poured through the filter and back into the original 
flask. This was now heated, with agitation, until the con- 
tents dissolved and the solution gently boiled. After 
5-10 min. boiling and when Cr compounds had coagulated, 
the flask was partially cooled and the stiU, warm mixture 
treated with 5n g. of crude NaCl, dissolved with shaking, 
followed by 20ri ml. of N HgSO^ . The j^recipitate was 
collected after 16 hr. and well washed on the filter with 
cold H2O. It was then allowed to become partially dry, 
and dissolved in cold alcohol. The filtered solution was 
evaporated, finally at the pump, leaving 0-8-0*9w g. of a 
yellowish gum {product A) giving a yellow colour in the 
Hammarsten test. 

{by Reduction. 5 mi. of an ethyl alcoholic solution con- 
taining 40 g./lOO ml. of product A w^ere added to a metal 
bomb containing a solution of 0-4 g. Na in 5 ml. ethyl 
alcohol, with 2 ml. of hydrazine hydrate (95/98%). The 
mixture was carefully heated almost to boiling; then the 
bomb was sealed and heated at 200-210° for 3 hr. An 
aqueous extract {ca. 200 ml.) of the contents of the cooled 
bomb was acidified with dilute H2SO4, the precipitate being 
warmed gently to disperse gels. After 2-3 hr., the white 
solid was collected, washed with water and dissolved in 
cold alcohol. Evaporation of the filtered solution left a 
gum which crystallized at once w'hen about 10 ml. of ether 
were added. After warming with the ether, the product 
was allowed to stand for several hours with occasional 
shaking, and was finally cooled to 0°. The crystals were 
collected (suction), washed with ice-cold ether, and dried. 
Yield, 1*1-1 -2 g. ; small white needles m.p. 150-155°, HCl- 
test, faint yellow-green. 0*2 g. of this substance, from 

2-3 ml. of acetic acid, gave 0*17 g. of wEite needles m.p. 
139-141°. 


4g. of residue obtained on evaporation of the ether 
mother liquors from {h) were dissolved in a little fresh ether. 
During 24 hr., crystals accumulated. The liquor was de- 
canted and the crystals wirshed with ether and cold alcohol, 
collected, and dried. This material (0*15 g.) had m.p. 
184-186°, not depressed by lithocholic acid; it was not 
obviously affected by HCl. 

' Semicarhazone. To product A, from n g. of cholic acid, 
w*ere added w/2 g. of semicarbazide hydrochloride, n/2 g. 
of Na acetate crystals, and 5ri ml. of 50% (by vol.) 
alcohol/water. This mixture was warmed till all had dis- 
solved, boiled under reflux for 1 hr. and allowed to stand 

3-5 days. The solid was collected (suction), washed with 
50% alcohol, water, alcohol, and ether, and dried at 60—80°. 
Yueld, 0*6r<-g., m.p. >330°; HCl-test, yellow. (Found, 
N, 11*2 % ,) When the oxidation {a) was done with l-l?^ mi. 
of K2Cr04 solution ( = l*la atoms of 0), the semicarbazone 
(0*5'«- g.), prejiared as described, formed groups of white 
needles, m.p. 250° (decomp.), which gave a blue HCl-test 
as also did the deoxycholic acid and 7 -keto-derivatives from 
them. (Found, N, 8*6 %.) 0*5 g. of this latter product, 
after boding with 5 ml. of alcohol under reflux for 30 min. 
left 0*32 g. of undissolved crystals, m.p. 265°, decomp.; 
HCl-test, yellow-green, (Found, N, 10-0%. C25H44O5N3 
requires N, 9*1 %.) A product of m.p. 267°, decomp.; HCl- 
test, green, was given when K2Cr04=l*5w atoms of 0 was 
used for the oxidation {a). 

The above semicarbazones could be reduced by heating 
(in a sealed bomb at 200-210° for 3 hr.) 1 g. samples with 
a solution of 0*25 g. of Na in 10 ml. ethyl alcohol, with 
1 ml. of hydrazine hydrate. The deoxycholic acid, obtained 
as under (6), had similar properties, that from the semi- 
carbazone M.p. >330° appearing to be of especially good 
quality. Overall yield of deoxycholic acid via the semi- 
carbazone, about 30 % of theory. 

Ethyl 7-keto-3:12-dihydroxycholmiate. (i) 6*5 g. of product 
A were boiled for 45 min. imder reflux with 13 ml. of a 
mixture of ethyl alcohol (20 ml.) and. concentrated H2SO4 
(5 ml.). The cooled solution was diluted with water and 
extracted three times with ether. The ether, washed with 
water and NagCOs solution, W'as evaporated, and the residue 
crystallized from methyl alcohol; 1*6 g. of crude crystals 
were obtained. 

(ii) 3 g. of semicarbazone m.p. >330° were boiled under 
reflux for 1 hr. with 30 ml. of a mixture of ethyl alcohol 
(40 ml.), HgO (10 ml.), and cone. H2SO4 (5 ml.). From the 
cooled and diluted solution, crude crystals (0*9 g.) were 
obtained exactly as under (i). The ester crystallized from 
methyl alcohol in large colourless rectangular plates or 
prisms, which, after drying at 70-80°, had m.p. 160-161°, 
not depressed by ethyl choiate. (Found, C, 72*0; H, 9*9%. 
C26H42O5 requires C, 71*9; H, 9*7 % .) The compound formed 
glistening leaflets from a diluted methyl alcoholic solution: 
it gave a yellow^ colour with strong HCL 

A purified sample of ethyl 7-keto-3:12-dihydroxycho- 
lanate w'as oxidized in the usual way with GrOg to ethyl de- 
hydrocholate, m.p. 222-223° (decomp.), and another sample 
was reduced as under ‘ KSemicarbazone ’ to deoxycholic acid 
(0*13 g. from 0*2 g. of ester, m.p. 160-161°). By the same 
process, 0*2 g. of ethyl choiate gave 0*14 g. of cholic acid. 

7-]ceto-3:12-dihydroxycholaniG acid. 0*3 g. of the above 
ester, m.p. 160-161°, w’’as boiled under reflux for 30 min. with 
a mixture of Na (70 mg.), ethyl alcohol (1*5 ml.), and HgO 
(1 drop), the ester being added after the Na had ail dis- 
solved. After dilution the cold solution was filtered, further 
diluted to 200 ml., heated to boiling and acidified with 
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5 mi. of N H2SO4. After 3-4 days, the white needles which 
had formed w-ere collected and dried m vacuo. Yield, 
0*13 g., M.F. 83°, giving a yellow colour with concentrated 
HCl and in the Liebermann-Burchard test, and a red colour 
with concentrated H2SO4 . There was difficulty in removing 
solvent from this substance lor analysis. (Bound; C, 70*8; 
H, 9-5%, M (titration), 395. C24H38O5 requires C, 70*9; 
H, 94%; M, 406.) The acid could be recrystaUized by 
acidification of a hot alltaline solution as described, but did 
not form crystals from organic solvents. It dissolved easily 
in alcohol, acetone, and acetic acid, and to some extent iii 
ether, but appeared to be insoluble in benzene and light 
petroleum. 

SUMMARY 

1 . By a simple three-stage process (oxidation, 
purification, reduction), cholic acid has been con- 


verted into deoxy cholic acid, with an overall yield 
of 40-50 % of theoretical. 

2. Preferential oxidation of cholic acid at C 7 was 
performed by adding measured amounts of concen- 
trated K 2 Cr 04 solution to cholic acid dissolved in 
acetic acid buffered with Na acetate. 

3. The partially purified product was then re- 
duced with Na ethylate-hydrazine, yielding deoxy- 
cholic acid. Deoxycholic acid was also prepared 
from an impure semicarbazone, the preparation 
and properties of which were used to follow 
and define the conditions of the oxidation. The 
intermediate 7 -keto- 3 : 12 -dihydroxychoianic acid 
and its ethyl ester have been isolated and ex- 
amined. 
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Dental Depigmentation in the Rat 

By T. MOORE, Dunn Nutritional Laboratory^ University of Cambridge 
and Medical Research Council 


{Received 9 November 1942) 


In normal rats the anterior surfaces of the incisor 
teeth are a rich brown or orange. According to 
Marshall [1921] the pigment is confined to the outer 
fibrous layer. The whitening of the teeth which 
occurs in vitamin A deficiency has been described 
by Wolbach & Howe [1925; 1933], Smith & Lantz 
[1933], Schour, Smith & Hoffman [1938], Schour, 
Hoffman & Smith [1941], Irving & Richards [1939] 
and H, Meilanby [1939]. In recent experiments on 
the interaction of vitamin A and vitamin E, Davies 
& Moor© [1941] found that under certain circum- 
stances whitening of the teeth may result from the 
exclusion of vitamin E from the diet. It was sug- 
gested that this lesion might be caused by deficiency 
of either vitamin. Evidence in favour of this view 
is given in the present communication. 

EXPERIMENTAL 

Grading of depigmentation. To assess the degree of 
depigmentation in individual rats each tooth was 
awarded marks according to the following arbitrary 
scale. 


Description Marks given 

White 25 

Paint brown mottling on white 20 

Cream 15 

Mottled brown and white 10 

Deep cream 10 

Light brown 5 

Brown 0 

Thus the dental depigmentation of a rat with four 
completely white teeth is expressed by 100 marks, 
while four completely brown teeth are indicated by 
0 marks. 

The cure of white teeth in rats deficient in vitamin A 
by the administration of carotene 

In routine tests for vitamin A in samples of 
butter and margarine, male albino and piebald rats 
were given a basal diet of caseinogen (Glaxo, alcohol 
extracted) 20%, sugar 60%, arachis oil 15%, salt 
mixture 5% and dried yeast 10 %. Vitamin E was 
^ppplied as 1 mg. weekly of dl!-a-toeopheroi acetate 
dissolved in arachis oil, and vitamin D as 1 drop of 
‘RadiostoU (B.D.H.). In addition small doses of 
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thebutter or margarine were given to supply enough of caseinogen (‘light white ’) 25%, sugar 50%, lard 
vitamin A to allow fairly rapid growth. At the end 10%, dried yeast 10% and salt mixture 5%. 
ofthe test 12rats with completely white teeth were Vitamin A was supplied at the level of about 
nevertheless available for use in the present investi- 1000 i.u./week in the form of halibut liver oil. The 
gatioii. These w^ere kept on the same basal diet and animals, most of which showed marked dental de- 
divided into 4 groups, which were dosed with a pigmentation, were then divided into two groups, 
solution of carotene hi arachis oil at levels of 2, 6, each comprising three rats which had received the 
16 and 44 i.u. per rat daily. deficient diet for 4 months, and fom rats which had 

The changes in weight during the next 59 days received the same diet for 7 months. One group 
are shown in Table 1 . was now given 1 mg. of tocopherol acetate w^eekly, 

Table 1. Growth of rats receiving different doses of carotene 

Daily dose of carotene Group 1 Group 2 Group 3 Group 4 

i.u./day 2 6 16 44 

^ A ^ ^ ^ ^ ^ ^ , ^ 

Eat no. ... ... 1 2 3 4 5 6 7 8 9 10 11 12 

Wt. (g.) on day 1 178 173 210 160 154 143 166 148 182 126 112 187 

Wt. (g.) on day 60 174 130 D i ed 210 J97 180 219 220 222 194 193 267 

Mean increase in wt. (g.) -23 +43 +55 +76 

Signs of the return of brown colom to the teeth the other received no vitamin E. In connexion with 
were seen in some rats of groups 3 and 4 after another experiment each group received occasional 
30 days, and after 60 days most of the animals had injections of lard, a treatment which would not be 
almost normal teeth. The teeth in groups 1 and 2 expected to influence the present results, 
remained almost completely white. The marks given The w^eights of the rats at the time of division 
are shown in Table 2. into groups, when they were already nearly full 


Table 2. Dental depigmentation in rats receiving different doses of carotene 


Daily dose of carotene 

Group 1 

Group 2 

Group 3 

Group 4 

i.u./day 

2 

K 

6 

A 

16 

A 

44 

Eat no. 

'l 2 s' 

f \ 

4 5 6 

’ 1 8 9 ' 

'lo 11 12 ' 

Depigmentation of teeth f Day 1 

100 100 100 

100 100 100 

100 100 100 

100 100 100 

(arbitrary marks) (Day 60 

75 90 Dead 

90 90 80 

20 20 10 

10 10 45 

Mean mark at end of exp. 

83 

87 

17 

. 22 


Examination of the unerupted portions of the grown, and after further periods of 84 and 203 days, 
teeth gave similar results. are given in Table 3. 

In group 1 two rats died after receiving toco- 
The cure of ivhite teeth in rats deficient in vitamin E for about 3 months. With rat no.^ 8^ death 

hy the administration of dha-tocopherol probably due to sepsis following the injection 

of lard. Rat no. 7 was not autopsied, but it was 
Female albino rats were kept for periods of 4 or emaciated and had overgrown teeth which may 

7 months on a diet deficient in vitamin E, consisting have caused difficulty in eating. The data in Table 3 

Tables. Weights of rats receiving vitamin E -deficient diet 


Group 1. Given 1 mg. of tocopherol acetate per rat, each week 


Eat no. 

13 

14 

15 

16 

17 

18 

19 

Wt. (g.) on day I 

202 

250 

196 

187 

169 

182 

186 

Wt. (g.) on day 84 

227 

227 

214 

245 

192 

203 

171 

Wt. (g.) on day 203 

237 

239 

237 

Dead 

203 

217 

Dead 


Mean increase of the five rats surviving 203 days = 

=27 g. 





Group 2. 

Given no added tocopherol 




Eat no. 

20 

21 

22 

23 

24 

25 

26 

Wt, (g.) on day 1 

165 

176 

182 

202 

165 

167 

192 

Wt. (g.) on day 84 

187 

192 

197 

211 

177 

185 , 

197 

Wt. (g.) on day 203 

170 

192 

188 

204 

173 

177 

182 


Mean increase of five rats showing greatest growth 
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show that little change in weight occurred in either 
group. 

The degree of dental pigmentation at the be- 
ginning of the test period was less uniform in both 
groups than in the preceding experiment in which 
deficiency of vitamin A had been involved. The 
individual marks after various periods are shown 
in Table 4. 


The mineral content of the teeth in avitaminosis E 


Estimations of ash content and of fluorine in 
white and normal brown teeth were kindly made 
by Dr H. H. Green. The teeth examined were taken 
from rats which had been used in previous experi- 
ments [Davies & Moore, 1941]. The results are 
given in Table 5. There would therefore appear to 


Table 4. Dental depigmentation of rats receiving vitamin E-deficient diet 
Group 1, Given 1 mg. tocopherol acetate per rat, each week 



Rat no. 

13 

14 

15 

16 

17 

18 

19 

Mean 

Depigmentation 

Day 1 

100 

0 

100 

70 

70 

100 

100 

76 

of teeth (arbi- 

Day 84 

0 

0 

0 

0 

0 

0 

100 

15 

trary marks) 

Day 203 

0 

Group 

0 

2. Given 

0 Dead 

no added tocopherol 

0 

0 

Dead* 

0 


Rat no. 

20 

21 

22 

23 

24 

25 

26 

Mean 

Depigmentation 

Day 1 

100 

90 

100 

90 

90 

90 

90 

93 

of teeth (arbi- 

Day 84 

100 

70 

90 

60 

70 

70 

65 

75 

trary marks) 

Day 203 

100 

50 

90 

90 

95 

90 

95 

87 


* Teeth still white at death, but malformed and overgrown. 


If we omit from consideration rat no. 14, which 
had brown teeth at the beginning, and also no, 19, 
which was diseased, the remaining five rats in 
group 1 ail showed complete cure as the result of 
treatment with tocopherol. Of the seven rats in 
group 2 only no. 21 showed slight improvement, 
the teeth of the other six remained almost com- 
pletely white. 

At the end of the experiment the five surviving 
rats of group 1, and five rats of group 2, were killed 
and the vitamin A reserves in their livers estimated 
by the SbCig method. For group 1 the mean total 
reserve was 14,000 i.u. For group 2, in confirmation 
of previous observations on the effect of vitamin E 
deficiency in lowering the vitamin A reserve [Moore, 
1940], the mean value was only 4700 i.u., which, how- 
ever, is still about twice the reserve foxmd in a wild 
rat shot near this laboratory [Davies & Moore, 1934]. 


be a marked increase of the ash content in whitened 
teeth. The values for F were within the normal 
range in both groups. 


DISCUSSION 


Table 5. Mineral analysis of teeth from normal rats 
and from rats deficient in vitamin E 


Wt. of lower 

Dry 

Ash 

Fluorine 

p.p.m.* 

incisors 

matter 

content 

original 

g- 

% 

0/ 

/o 

tooth 

(a) Normal rats (brown teeth) 


0-198 

86-5 

64-5 

50 

0-129 

87-5 

64-0 

115 

0-107 

89-5 

65-0 

140 

0-140 

89-5 

62-5 

140 

0-144 

88-2 

64-0 

111 

(5) Deficient rats (white teeth) 


0-141 

89-0 

67-6 

35 

0-189 

90-5 

71-6 

80 

0-166 

89-6 

66-6 

180 

0-125 

90-5 

72-0 

80 

0-155 

89-9 

69-4 

94 

* p.p.m. 

= parts per million. 



The above experiments suggest that whitening of 
the teeth in the rat results from deficiency of either 
vitamin A or of vitamin E, and may be cured by 
the restoration of whichever of these vitamins is 
missing. Since vitamin E influences the efficiency 
of storage and utilization of vitamin A [Moore, 
1940; Bacharach, 1940; Davies & Moore, 1941] the 
occurrence of a common lesion in deficiency may 
imply a further aspect of their interaction. Al- 
though deficiency of vitamin E may under some 
circumstances cause a secondary deficiency of vita- 
min A, indicated by the premature depletion of the 
vitamin A reserves in the liver, whitening of the 
teeth in vitamin E deficiency may occur even when 
large amounts of vitamin A are given and the re- 
serves in the liver are high. While therefore the 
dental lesion may possibly result from a dis- 
turbance in the function of vitamin A as a 
result of the absence of vitamin E, a material 
deficiency of vitamin A is not an essential aetio- 
logical factor. 

Dental depigmentation also occurs in fluorosis 
[McCollum, Simmonds, Becker & Bunting, 1926] 
and in Mg deficiency [Duckworth, 1942]. The lesion 
may therefore result from various dietary abnor- 
malities, which may or may not be interrelated. 
Moreover, Irving [1942] has detected lesions in 
the enamel -forming organs of rats deficient in 
vitamin E, distinct from those observed in avi- 
taminosis A, at a stage of the deficiency when the 
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teeth are still brown. Depigmentation may there- 
fore be the final outcome of different initial histo- 
logical lesions. 

The persistence of dental depigmentation in rats 
which have been deprived of vitamin A and subse- 
quently treated with small doses of this vitamin 
affords an excellent demonstration of the reality of 
the conception of suboptimal nutrition. Rats in 
the group given 6 i.u. of vitamin A daily grew 
almost as rapidly as those given 16 i.u., but whereas 
16 i.u. was sufficient to restore the brown colour of 
the teeth, 6 i.u. was inadequate. Ability to sustain 
rapid growth does not therefore necessarily imply 
that the animal is receiving the full supply of 
nutrients necessary for perfect health. 


SUMMARY 

1. Whitening of the teeth in rats was induced by 
deficiency of either vitamin A or vitamin E, and 
could be cured by restoration of whichever vitamin 
was missing, 

2. A low dose of vitamin A, which was sufficient 
to restore rapid growth in rats previously deprived 
of this vitamin, was ineffective in restoring the 
normal brown colour of the teeth. 

My thanks are due to Dr H. H. Green for his 
kindness in analysing teeth, to Dr L. J. Harris for 
his valuable criticism, and to Misses Jean Payne 
and Aileen Cooper for technical assistance. 
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The Microbiological Degradation of Steroids 

1. THE STEROL CONTENT OF SOILS 


By G. E. TURFITT, From the Home Office Forensic Science Laboratory, Nottingham 

(Received 12 November 1942) 


The wide distribution of free or esterified sterols in 
animal and vegetable tissues must result, during 
the decay of such organic material, in the deposition 
in soils of an appreciable quantity of various sterol 
substances. Schreiner & Shorey [1909; 1911] have 
reported the isolation from soils of two sterols. The 
first of these, agrosterol, was present in the free 
condition, and was considered to be the sterol com- 
ponent of some plant tissue, or to have originated 
by structural alteration from some substance of 
entirely different composition present in the soil. 
The second, phytosteroi, m.p. 135°; occurred only 
in the form of its esters, which were regarded as 
plant residues remaining imchanged in the parti- 
cular peaty soil under examination. In general, 
however, the sterol content of soils seems to have 
received but little attention. The investigation of 
the various factors influencing the accumulation of 
sterols in, and their disappearance from, different 
types of soil forms the basis of the present work. 


METHODS 

The quantitative determination of soil sterols is at- 
tended by considerable difficulty. Humus material 
may be present in proportions of from less than 
1 % in the largely mineral soils to almost 100 %in 
pure peat, and the purification of the sterols thus 
becomes lengthy and tedious. It has been found 
that a preliminary solvent treatment of the soil, 
followed by purification of the crude sterol extracts 
by means of the insoluble digitonides, yields solu- 
tions sufficiently pure for colorimetric estimation. 

The soil sample is thoroughly dried in an air oven at 80°, 
and, after being ground in a mortar, is passed through a 
30-mesh sieve to remove pebbles, plant fragments, etc. 
1 kg. of soil obtained in this way is extracted continuously 
with acetone. After removal of the solvent by distillation, 
the brownish gummy residue is refluxed with a slight excess 
of alcoholic KOH for 30 min. The solvent is removed on a 
water bath, and the dark-coloured viscous liquid remaining 
taken up in a large excess of anhyd. K2SO4 . This solid is 
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extracted for 4 hi\ in . a Soxiilet apparatus with petroleum, 
B.P. 40-50°, and the extract made up to knouui volume. 
The determmatioii of sterol in this solution is based upon 
the method of Kelsey [1939]. A portion containing approxi- 
mately 0*5 mg. sterol is evaporated to 0-5 ml. in a 15 ml. 
graduated centrifuge tube. 4*0 ml. of a 0-2% solution of 
digitonin in 95 % alcohol are added, and the mixture evapo- 
rated to dryness. The solid residue is boiled with 12 ml. 
petroleum, b.p. 40—50°', the tube and contents centrifuged, 
and the supernatant yellowish liquid discarded. This is re- 
peated until the extracts are no longer coloured. The 
residual solid is then gently refluxed with 7-0 ml. benzene 
for 45 mill, to decompose the digitonide, and after being 
concentrated to 3 ml., the contents of the tube are finally 
diluted to 12 ml. with petroleum, b.p. 40-50°. Digitonin 
separates on thorough stirring, and is centrifuged off. The 
supernatant liquid is decanted, and the residue re-extracted 
three times with light petroleum. The combined extracts 
are evaporated to dryness, and the residue taken up in 
5*0 ml. CHClj. This solution is transferred to a 10 ml. glass- 
stoppered cylinder. 0-5 mg. cholesterol dissolved m 5*0 ml. 
CHClg is measured into a second cylinder, and 1*0 ml. 
acetic anhydride and 0*1 ml. cone. H2SO4 are added to 
each. The solutions are thoroughly mixed, and are allowed 
to stand in a bath at 24° for 15 min.; the colours which 
have developed are then compared in a colorimeter. 

Neither the digitonin precipitation used as the final puri- 
fication in, the above method, nor the Liebermann-Burchard 
colour reaction, is itself specific for sterols. Digitonin pre- 
cipitation in the steroid group appears [Windaus, 1909] to 
depend upon a free — OH at C3 in the cholane nucleus, and 
the ci5-position of this —OH to the —Me at 0^0 . Thus, 
insoluble digitonides are also given by several bile acids, 
certain cbolane cardiac poisons and their aglycones, and 
by various other compounds. The cardiac glycosides, in 
common with the saponins, many bile acids and other sub- 
stances, also give the Liebermann-Burchard reaction for 
sterols. During the various purification stages described 
these compounds are eliminated, with the possible excep- 
tion of certain cardiac aglycones which give both digitonin 
precipitates and positive colour reactions. These compounds, 
however, are probably far rarer in soils than the sterols, 
and no evidence of their presence in any of the final solu- 
tions has been obtained with the Legal nitroprusside test. 
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etroleum. The H,SOi-acetio anhydride colour may thus be regarded 
1 volume! as indicative of the total sterol content of the soO, irre- 
sed upon spective of whether the sterol was originally present in the 
! approxi- free state, as its fatty acid esters, or in the form of its 
' a 15 ml. glycosides. No attempt has been made to identify indi- 
)lution of vidual sterols, the result in all eases being expressed in 
ire evapo- terms of cholesterol. 

th 12 ml. acctiracy of the method has been tested by 

itnfuged, (Jetermining on a number of soils the percentage 
d 'Vr recovery of cholesterol added to dried, sieved soil. 


Table 1. Recovery of added cholesterol 
Total 


Initial 

sterol 

Chole- 

sterols 

by 

Chole- 


content 

sterol 

analysis 

sterol 

Recovery 

mg./kg. 

added 

mg./kg. 

recovered 

soil 

mg. 

soil 

mg. 

% 

1*8' 

61-3 

61*5 

59*7 

97*4 

0*9 

52*4 

54*7 

53-8 

102*7 

20*1 

25*7 

45*2 

251 

97*7 

Nil 

18*9 

18*1 

18*1 

95*7 


The difference in the figures obtained in fom* experi- 
ments with the oidginal soil and that containing 
added cholesterol indicates the recovery of chole- 
sterol (Table 1). The recoveries have been of a 
consistently high order. 

DISCUSSION 

Distribution of sterols in British soils 

The soils examined in this survey have been col- 
lected from widely distributed areas tliroughout the 
British Isles, and include the majority of soil types 
found in this region. They have, in general, been 
taken from a depth of from 2 to 6 in., after removal 
of the surface layer of living or dead vegetation, but 
in certain instances where the profile showed deep 
peaty humus layers, sampling has beeii carried out 
at a depth of several feet. 


Table 2. Sterol contents of British soils 


Vegetative 

type 

Forest land 


Grassland 

Fen land 
Bog land 

Heath land 

Arable land 


Oak and oak-birch associations (Sherwood Forest) 
Oak (Weald) 

Beech (Sherwood Forest, Epping Forest, Chiltem 
plateau) 

.Beech (South Downs) 

Beech (Chiltern escarpment) 

Acid grassland (southern Fennines, Malvern Hills) 
Neutral grassland (Trent and Thames valleys) 
Basic grassland (Chiltern escarpment) 

Wicken Fen, Cambridge, Norfolk Broads 

Peat moors, Athlone, Spring moors. New Forest, 
Dartmoor 

Sherwood Forest, Pennine moors, Yorkshire moors, 
Central Scottish highlands 


Soil type 

Coarse acid sand 
Light loam to heavy clay 
Coarse acid sand 

Shallow, alkaline, light loam 
Strongly alkaline marl 

Acid sand or loam 
Chiefly loams 
Shallow, alkaline, marls 

Black, slightly alkaline peat 
Deep, acid peat 

Coarse sand 


No. of 
samples 

6 

2 


Sterol 

substances 

present 

mg./kg. 

soil 

0 - 6 - 1*4 
0*1, 0*8 
0 - 2 -. 1-2 

0*8, 2*5 
3*2 

Nil, 0*8 
0*4- 1*5 
0*6- 2*7 

2*3- 8*5 
7*9~12*7 


6 Nil- M 


, ; NE- 6*3 ' 
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The results (Table 2) show clearly that definite 
relationships exist between sterol content and soil 
type. Deposition of sterols must depend primarily 
upon the natiu^e and number of the animal and 
plant inhabitants, so that deposition will be at a 
maximum in soils favourable to the maintenance 
of a flourishing population. A characteristic of such 
soils, however, is the rapidity with which humus 
material undergoes disintegration. Since the sterol 
content of these soils shows no continued increase, 
this component of the humus is presumably decom- 
posed or disposed of in some other manner. In soils 
of the opposite type there is a marked accumulation 
of sterols. Extreme acidity, lack of aeration, and 
excessive water content are all factors which, either 
individually or collectively, inhibit the decomposi- 
tion of humus and its constituent sterols, and are 
thus directly responsible for the high sterol contents 
of bog and fen peats. In arable soils these adverse 
factors have been counteracted, and, whilst it is 
found that sterols are present in varying amount, 
the content of any particular soil shows a gradual 
decrease unless replenished by organic manuring. 

Agencies responsible for sterol disappearance 

In view of the insolubility of the sterols, and of 
their association with natural fats and oils, their 
disappearance from soils cannot be attributed to 
the leaching action of rain-water, but is probably 
the result of degradation of the sterol molecule by 
the co-ordinated activities of a variety of soil micro- 
organisms. Evidence in favour of this theory has 
been obtained experimentally in the following 
manner. 

Six 0-05 g. quantities of cholesterol were accurately 
weighed, and each intinaately mixed with 25 g. soil. The 
mixtures were placed in ' separate porous flower pots in 
which the drainage holes had been closed with watch- 
glasses, and the pots buried with their tops 1 in. below the 
surface of a well-worked loamy garden soil. One group of 
three pots was watered weekly with rainwater, whilst the 
second group was treated with a dilute solution of HgCb . 


Table 3. Rate of disappearance of sterols from- 
soil under different conditions 

Sterol content (mg.) 


Time 

months 

0* 

( 

Group I (water) 
50-0 

— — , 

Group II (HgCI^) 

50-0 

i 


3 

42-7 

49-2 

1 


6 

29-6 

49-8 



12 

18-3 

48-9 



The sterol 
is negligible. 

content of the untreated 25 g. sample of 




At intervals of 3, 6 and 12 mouths respectively, one pot 
from each group was removed, and the sterol content of 
the soil determined (Table 3). In the first group sterol 
disappeared, but the sterilizing action of the HgCia inhi- 
bited microbiological activity in the second group so that 
the sterol content altered little. Similar experiments, using 
‘organic’ cholesterol in the form of brain tissue and egg 
yolk, gave comparable results although disappearance of 
sterol was here less rapid than with the crystalline material. 

The nature of the biological agents responsible 
for sterol breakdown is being investigated, and 
there are indications that decomposition is initiated 
by certain acid -tolerant, aerobic bacteria. 

SUIVIMARY 

1. A method is described for the determination 
of soil sterols. 

2. The sterol content of a wide range of British 
soils has been determined. 

3. Accumulation of sterols in soils occurs under 
conditions of extreme acidity, waterlogging and 
lack of aeration. 

4. Where these conditions are reversed, as in 
arable soils, the sterol content gradually decreases. 

5. The disappearance of soil sterols has been 
demonstrated experimentally, and has been shown 
to result from the activities of microbiological 
agents. 

The author wishes to express his thanks to col- 
leagues who have assisted in obtaining soil samples. 
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Liver Catalase 
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Stern [1935-6] isolated bill verdin (dehydrobilirubin) the catalase preparation as such, but as a bile pig- 
from the split products of horse liver catalase ; the ment haem compound bomid to a protein similar 
pigment was identified by Lemberg [cf. Lemberg & to or identical with that characteristic of catalase 
Wyndham, 1936-7]. Biliverdin was not present in [Lemberg & Wyndham, 1936-7]. After reduction 
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and transformation to pyridine -liaemochromogen it 
gave tlie absorption spectrum of verdoliaemochro- 
mogen. At that time it was assumed that the bile 
pigment haemoprotein was an impurity. 

Sumner & Bounce [1937] obtained ox liver cata- 
lase in crystalline form. After' repeated recrystalli- 
zation fission with. HCl in acetone of the enzyme 
yielded haemin and a blue compound, which was 
believed to contain iron and to be different from 
both biliverdin and verdohaemochromogen. While 
one -half of the catalase iron was firmly bound as 
protohaemin, the other half (‘blue iron’) was easily 
ionized by treatment -with HCl, but unlike the iron 
of ferritin, which sometimes accompanies catalase, it 
was not precipitated with the protein. Iron of bile 
pigment haem compounds is readily set free by acid. 

Lemberg, ISTorri© & Legge [1939] reported the 
isolation of crystalline biliverdin hydrochloride from 
crystalline ox and horse liver catalases. In view of 
the constant molar ratio of biliverdin to haemin 
(about 1 to 3), it was then assumed that the bile 
pigment haem formed an essential part of the 
catalase molecule. Another possibility, however, 
was mentioned, i.e. that the protohaem group in 
catalase may be oxidized to bile pigment haem by 
HgOg, leaving the protein component imaltered. 
At that time we were unable to find experimental 
support for this assumption. 

Stern [1940] accepted this latter explanation of 
the presence of bile pigment haem in crystalline 
catalase as the correct one, while Agner [1939] and 
Theoreil [1940] claimed that iron -free biliverdin was 
admixed with catalase. Agner based this claim on 
the isolation of a highly active horse liver catalase 
(of Kat.-f. 62,000),* which contained 0-086 % proto- 
haem iron (83 % of the total iron in the form of 
protohaem and only 1 0 % in the form of ‘ blue iron ’ ), 
but still gave biliverdin on splitting with acid. ISTo 
quantitative estimations of the bile pigment were 
carried out, however, nor was any explanation 
given for the lack of success in separating catalase 
and biliverdin by fractional precipitation with 
(NH4)2S04 , crystallization and cataphoresis. 

Sumner, Bounce & Frampton [1940] obtained 
horse liver catalases in which the content of the iron 
accompanying biliverdin was inversely proportional 
to the specific activity. This indicated that the bile 
pigment haemoprotein is inactive and present in 
catalase in varying proportion. 

We arrived at the same conclusions independently 
and with other methods. While Sumner studied the 

* Kat.~f. (Katalasefahigheit) was used by Euler to desig- 
nate the activity of a solution containing 1 g. of catalase 
in 50 ml. We have previously used the translation ‘catalase 
factor’ in order to avoid the grammatical difficulties con- 
nected with the use of Eat. -f. A better translation is 
specific catalase activity (Sp.C.A.), and this will be used in 
this paper. 
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ionizable iron fraction, we investigated the molar 
ratio of bile pigment to haemin obtained by splitting 
catalase with acids, and the absorption spectra of 
the GO-haemochromogens obtained from catalase. 

We have also shown that the bile pigment haem 
content of catalase can be increased by treatment 
with H2O2 in the presence of ascorbic acid, and that 
ascorbic acid inhibits catalase by accelerating its 
destruction by HgO 3. 

EXPERIMENTAL 
Isolation and purification of catalase 

Crystalline ox liver catalase was readily prepared by 
the method of Sumner &; Doimce [1937]. The 
crystals can be further purified by washing with 
distilled water, and are dissolved by dialysing the 
suspension in distilled water against M/50 phos- 
phate buffer pH 7-8; they are then recrystallized 
according to the method of Simmer & Bounce. 

The crystals have the form of fine needles or small 
platelets described by Sumner, but on long standing 
in the refrigerator strong solutions of ox liver cata- 
lase occasionally deposit very large thick hexagonal 
plates which are no longer easily soluble in phos- 
phate buffer. 

Horse liver catalase. The dioxan method of 
Sumner et al. [1940] was not consistently successful 
in our hands, and we used the earlier stages of the 
method of Zeiie & Hellstrom [1930]. The difficulty 
due to phosphate in the eluates [Agner, 1938] is 
easily overcome by removal of the phosphate by 
thorough dialysis at 0° against distilled water. 
After this the fractionation of catalase and ferritin 
even in strong solutions offers no difficulties. Cry- 
stallization and recrystallization were carried out 
according to Sumner et al. [1940]. Horse liver 
catalase crystals are more readily soluble in water 
than ox liver catalase. 

Amorphous horse liver catalase was prepared by 
the methods of Zeiie & Hellstrom [1930] and of 
Keiiin & Hartree [1936]. 


Total protein was estimated with a micromodifi- 
cation of the method of Bick [1936]. 

Catalase activity. The activity was determined by 
the method of Zeiie & Hellstrom [1930]. We can 
confirm that the values of -- (A log show 

a noticeable decrease with time even under their 
conditions. Sumner extrapolates these values for 
t = 0, but does not mention his method of extrapola- 
tion- By a different calculation one can determine 
the exact value of . 

According to Nosaka [1927] and Maximowitsch & 
Awtonomova [1928] the kinetics of destruction of HgOg by 
blood catalase are given by the equations -dC — IcEC dt 
and -dE—U ECdt, where C is the concentration of HgOg, 


Methods 


LIVER CATALASE 


119 


VoL 37 


E that of catalase, h the reaction constant of the destruction 
of H2O2 hy the enzyme and ¥ that of the destruction of 
the enzyme by HgOg. Integration yields the equation 


in 


C 


C + A 


■■k'lA, 


( 1 ) 


where ^4 is an integration constant defined as 

( 2 ) 

If the HgOg concentrations Cq , C\ , and at the times 
^0, ^2 if 3, where -t^ equals are known, kE^, 

the required value for the activity at f = can be calcu- 
lated. The simplest way of finding A is by approximation 
from the equation 




, , C^+A 


In 




( 3 ) 


Inserting the vmlue of A into equation (2) yields ¥ and from 
equation (1) JcEq is then found as {A-tCq)¥. We have 
followed, however, the customary procedure of using logjo 
for calculation of the catalase reaction constant. 

Table 1 shows that the course of H2O2 destruction 
by liver catalase can be satisfactorily calculated by as- 
suming the validity of these equations, and that the action 
of liver catalase, therefore, obeys the same kinetic laws as 
that of blood catalase. 


Table 1. Kinetics of destruction 
by liver catalase. 


^=12, = 0-0045 



found 


t 

as average of 

^H202 according 

min. 

2 estimations 

“to theory 

0 

9-03 

9-03 

0-5 

8-11 

8-07 

1-5 

6-62 

6-64 

3-5 

4-59 

4-55 

4-5 

3-86 

3-85 

6-5 

2-81 

2-75 

7.5 

2-41 

2-35 

9-5 

1-80 

1-75 

10-5 

1-56 

1-53 

20-0 

0-43 

0-45 


In several instances we have observed a slight fall of A 
with time which would indicate that the speed of destruc- 
tion of the enzyme does not decrease as much as the H2O2 
concentration. The curvature of the graph of C'h 202 plotted 
against time is slightly less than expected from theory. 

A simpler calculation of can be derived from the equa- 
tions : -dC — k CE dt and - dE = ¥E, It follows 

lnCo-hiC=^E„(l-e-’‘'‘). ( 4 ) 

The destruction of the enzyme does, of course, depend on 
the H2O2 concentration, and the curvature of the 0^202 
graph is greater than would be expected from equation (4). 
Under the conditions of the estimations, however, with a 
low enzyme concentration and a small fall of HgOg concen- 
tration, the equation 

= antilog, + h) log K-h -iik + h) log W 
t i ds ~ti) ) 

which is derived from equation (4) yields results ’ which 
agree with those found by the formulae (l)-(3) within the 
experimental error. 


In order to compare our results with those of Sumner, 
we have calculated Icq from the examples given by Sumner 
& Bounce [1939, p. 442] with our formulae. The values 
given by these authors are 0-0510 and, with half the enzyme 
concentration, 0-0247. With the formulae (l)--(3) Ave find 
0-0511 and 0-0254, Avith formulae (5) 0-0505 and 0-0248. 
Our results are, therefore, strictly comparable Avith those 
of Sumner. Sumner & Bounce do not mention the Amlume 
of diluted catalase solution added to 60 ml. of but if 

this AA'as 0-5 ml., as used by Zeile, the specific activities 
were 24,000 and 23,200, and not 35,000 and 34,500 as 
given by them. 

Protohaem in catalase was determined spectro- 
photometrically by measurement of the absorption 
at 558 m/x of the haemochromogen formed on adding 
NaOH, final cone. 1*25%, followed by a few mg. 
]Sra2S204 . W^e have found no difference in the height 
of the absorption band on the addition of pyridine, 
nor any cloudiness of the solution, except with 
partly denatured catalase. The concentration of 
protohaemin in mg./ml. is (€5551^^ x 10=^)/47*5Z, 
where I is the length of layer through which the 
light passes, and 47*5 the extinction coefficient of 
a solution of protohaemochromogen containing 
1 mg. haemin/ml. 

Esti7nation of bile pigment content and bile pig- 
ment :haemm ratio. The isolation of bile pigments 
from catalase treated with acetic acid was by the 
method of Lemberg, Lockwood & Legge [19416]. 
About 5 ml. of catalase solution of A; = 5000 sufficed. 
No ascorbic acid was added, since acidified catalase 
doesnot oxidize biliverdin. The 66% acetic acid solu- 
tion was diluted with the same volume of peroxide - 
free ether, and the almost colourless protein removed 
by washing with Na acetate solution and water. 
These washings were saturated with (NH4)2S04, 
and re-extracted with ether [cf. Lemberg et al, 
19416, p. 369]. The bile pigments were extracted 
by repeated shaking with 20 % HCl. 

The isolation of crystalline biliverdin hydro- 
chloride from crystalline liver catalase has been 
described [Lemberg et al, 1939]. The crystals pos- 
sessed the typical form and optical and solubility 
properties, and on oxidation of the complex zinc 
salt with iodine [cf. Lemberg, 1935] the character- 
istic fluorescence and absorption band of the bili- 
violin zinc complex salt were obtained. 

In our first estimations we determined biliverdin 
in the acid extracts colorimetrically, by comparison 
with a biliverdin standard prepared from pure 
crystalline biliverdin. Later it was recognized that 
the extracts contain small amounts of biliviolin 
(usually about 20% of total bile pigment). The 
values for bile pigment content and for the molar 
ratio (bile pigment Fe)/(bile pigment Fe + proto- 
haem Fe), obtained by this method, are therefore 
too small, but can be compared among themselves. 
The results obtained by this method are given in 
Table 2. 
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In the later experiments, summarized in Table 3, 
biliverdin and bill violin were measured spectro- 
photometrically according to method III [Lemberg 
et al. 19415], 

After extraction of the bile pigments the ethereal 
solution of haemin was washed once with water, 
and protohaem was then extracted with NHg and 
determined spectropliotometrically as pyridine- 
haemocliromogen [Lemberg, Legge & Lockwood, 
1941a]. Usually 50-70 % of the total protohaem of 
catalase was thus recovered. The remainder clings 
to the denatm'ed protein. We shall give below evi- 
dence showing that the bile pigment in catalase is 
present in the form of a bile pigment haem com- 
pound, from which bile pigment is split off quanti- 
tatively. The ratio (bile pigment Fe)/(bile pigment 
Fe -I- protohaem Fe), the latter being called ‘total 
haem Fe’, given in Tables 2 and 3, was calculated 
assuming that the recovery of bile pigment was as 
complete as that of protohaem. 

Bile pigment and haemin yields 
from liver catalases 

With the earlier method we found the ratio of bile 
pigment Fe to total haem Fe to be close to 0*25 for 
a number of preparations of ox and horse liver 
catalase of varying purity .(Table 2). This suggested 
that catalase contained three protohaem 
gi’oups and one bile pigment haem group in 
the molecule. With the more exact later 
method, however, a higher ratio was estab- 
lished, varying between 0*30 and 0*50 with 
an average of 0*38 (Table 3). This value 
does not suggest a stoichiometric ratio of 
bile pigment haem and protohaem, and the 
assumption of compounds between catalase 
and bile pigment haemoprotein, which con- 
tain one, two or three bile pigment haem 
groups in addition to three, two or one 
protohaem groups respectively, is thus not 
supported by experimental evidence. 

Tables 2 and 3 show that the protohaem 
contents of the catalase preparations in- 
crease with their specific activities. Las- 
kowski & Sumner [1941] have isolated 
crystalline ox erythrocyte catalase of the 
specific activity 48,000, and have found it 
to be free from bile pigment haem; the latter is, 
therefore, not necessary for catalase action. At first 
sight the experiments summarized in Tables 2 and 3 
seem to support the view that the bile pigment 
haemoprotein is catalytically as active as the pro- 
tohaem compound. The ratio of bile pigment Fe to 
total haemFe does not vary with the specific activity 
over a wide range. A closer analysis reveals, how- 
ever, that the bile pigment haemoprotein is inactive. 
The variations of the specific activity in our experi- 


ments are partly associated with factors other than 
that of the varying bile pigmen.t content. The last 
column of Table 3 shows that the percentage of 
total haem Fe in catalase only occasionally ap- 
proaches (e.g. preparations D2a, D2c and F2 of 
ox liver catalase and D 1 of horse liver catalase) the 
theoretical value of 0*099%, calculated for the 
presence of four haem groups in a catalase molecule 
of the molecular weight 225,000 [cf. Sumner et al. 
1940]. The preparations with a lower total haem 
Fe content presumably still contain some inactive 
protein without haem groups, although some are 
crystalline. By multiplication with a correction 
factor (0*099 divided by percentage total haem Fe 
found) the true specific activity of the haemopro- 
teins is obtained. If this is plotted against the ratio 
protohaem Fe/total haem Fe (Fig. 1), it is clearly 
seen that specific activity increases with decreasing 
bile pigment content. All but one of the points lie 
close to a straight line. This line cuts the 0 -point, 
showing that the bile pigment haemoprotein is in- 
active, and reaches 52,000 for pure catalase without 
bile pigment haem. There is no significant differ- 
ence between the activities of ox and horse liver 
catalases, and their variations with bile pigment 
haem content. The value 52,000 is close to that 
found by Sumner for the specific activity of ox 
erythrocyte catalase (48,000), which is free from 



Fig. 1. Increase of specific activity with decreasing bile pigment 
haem content. A liver catalase. 0 Horse liver catalase. 

bile pigment haem, and for the purest horse liver 
catalases, 

Sumner et al. [1940] worked with a number of 
catalase preparations with more widely varying bile 
pigment haem contents, most of them of approxi- 
mately equal purity, as the total haem Fe values 
(Table 2 of their paper) show. The specific activities, 
therefore, decrease with increasing bile pigment 
content without any correction for the presence of 
non-haematin compounds. It is more difficult to 
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draw a straight line through the points of Su,mner’s 
table ill a diagram similar to Fig. 1, with or without 
correction for presence of noii-haematin compounds, 
and the line does not appear to go through the 
0-point. This is probably;" owing to the way in ’which 
the bile pigment haem Fe is determined by Sumner 
as ‘blue iron’ fraction. Even the best catalase pre- 
parations still contain small amounts of ferritin, a 
protein with high iron content, and it is likely that 
a small part of the ferritin iron is not precipitated 
with the protein, but is determined as ‘blue iron’. 
Our method takes into consideration only haem and 
bile pigment haem, and the presence of iron in any 
other form, e.g. as ferritin, does not interfere with 
the results. Apart from this minor difference, how- 
ever, our results independently confirm those of 
Sumner by different methods. 

Spectrophotormtric study of the 
catalase haemo chromogen 

While Zeile [1933] claimed that the haemochro- 
mogen prepared from catalase is identical with that 
from protohaem, Lemberg & Wyndham [1936-7] 
observed an absorption band at 651 mg with the 
pyridine haemochromogen prepared from highly 
active, but amorphous horse liver catalase. 

The same band is observed, when crystalline pre- 
parations of ox and horse liver catalase are studied. 
NaOH, final cone. 1 %, is added to catalase and 
after the addition of a few mg. NagSgO^ the absorp- 
tion spectrum is immediately observed. With the 
spectrophotometer the ratio : €557 is foimd to be 
0-25, while for protohaemochromogen, prepared in 
the same manner from haemoglobin, this ratio is 
only 0-015. This absorption in the red part of the 
spectrum is not due to unspecific backgromid ab- 
sorption, as Stern [1937] assumed, since a definite 
maximum of absorption at 650mg is found. It 
cannot be due to biliverdin either, since biliverdin 
is reduced by Na2S204 in alkaline solution to a 
yellow compound which does not absorb in the red. 

The presence of another haemochromogen in ad- 
dition to protohaemochromogen is confirmed by 
examination of the CO -haemochromogen. By bub- 
bling coal gas through the solution, previously 
saturated with the gas, during the addition of 
]Sra2S204 and NaOH, the danger of secondary oxida- 
tion by HgOg formed from Na2S204 is prevented. 
A strong absorption band at 630 mg is found, which 
is usually about half as high as that of CO -proto- 
haemochromogen at 570 mg (Fig. 2). 

The absorption curve differs considerably from 
that of CO -protohaemochromogen prepared from 
haemoglobin. 

While the haemochromogen accompanying proto- 
haemochromogen is similar to cholehaemochro- 
mogen in some properties, differences exist between 


them. The position of the absorption band of the 
CO-compounds is the same, and removal of CO 
causes the same shift to 6 18 nig; the absorption 
band at 630mg of the catalase compound is, how- 
ever, accompanied bi^ absorption rising towards the 
infra-red. A further difference is that eholeglobin 
gives only a poor yield of biliverdin, while bile 
pigment formation from the catalase haemoprotein 
appears to be quantitative. While such differences 



Fig. 2. CO-haemochromogen absorption curve. CO- 

haemochromogen from catalase. — - CO-haemochro- 
mogen from haemoglobin. 


may be due to the different proteins to which the 
bile pigment haem group is linked, the fact that 
the absorption band of the haemochromogen before 
the action of CO is foimd at 650mg, not at 618 mg, 
suggests a prosthetic group in catalase slightly 
different from cholehaem. It seems to constitute a 
link between verdohaem and cholehaem. 

The bile pigment haemochromogens have been 
found to possess approximately equal molar extinc- 
tion coefEcients at the respective maxima of ab- 
sorption. We may therefore assume that the CO- 
haemochromogen from catalase has the same molar 
extinction at 6 30 mg as CO-cholehaemochromogen, 
and can then calculate the ratio of bile pigment 
haem to total haem as 

(^eSoAsTO ~ ^‘^4)/{^‘^^^63 oA 570 d" 0-96). 

This formula is in principle the same as that given 
by Lemberg et al. [1941a], except that it gives the 
ratio bile pigment haem/total haem instead of bile 
pigment haem/protohaem as in the earlier formula. 
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Table 4 shows that the ratio foimd in this way is 
the same as that found by determinations of bije 
pigment and liaeniin in the split products. With one 
exception (D2b) the results agree very w'ell. It can 


1943 

of the active catalase molecules, the maximum 
specific activity (50,000) is used. Thus we have: 

^ “ 5*6^ 10« g. mol. H2Q2 destroyed 

dE~ g. mol. catalase inactivated 


Ox liver 
catalase 
preparation 

.F2 
D2c 
El 
D1 
E2 
L 

E3 
HI 
D2a 
D2h 

be concluded from these experiments that the bili- 
verdin obtained from catalase by splitting with 
acids, occurs in catalase in the form of a bile 
pigment haemoprotein. 

OXIDATION OF CATALASE TO BILE 
PIGMENT HAEMOPROTEIN BY Hfi^ 

Calculation of the minimum amount of H^O^ 
quired. We have reported [Lemberg et al. 1939] 
that we could not observe an increase in the bile 
pigment haem content of catalase when we allowed 
the enzyme to destroy gradually a large amount of 

From the kinetics of the enzyme reaction given 
above we can now calculate how much H2O2 cata- 
lase can destroy before it is inactivated, and thus 
determine the minimum amormt of HgOg with which 
the enzyme must react in order to obtain an experi- 
mentally verifiable increase in its bile pigment haem 
content. These calculations show that the amounts 
of HgOg required are so large that the experimental 
difficulties are insurmountable, even if the inactiva- 
tion of catalase in dilute solution were due entirely 
to the oxidation of protohaem to bile pigment haem. 

From .the two equations 

-dC = kEGdt and -dE = ¥ECdt 
it follows that 

dC_h __A + C^ 

dE^k''~~ ~Eq ” ’ 

where J. -f <7^ is measured in terms of ml. KMn04/ 
10 mi. HgOg solution. Cq ml. KMn04 are equivalent 
to 10 ml. W/ 100 H2O2 and A-\-Cq therefore to 
(.4 + (7o)/100(7omoL/l. E^ in mol./l. is determined as 
20^’o/225,000i5r, where i!bo is the initial velocity con- 
stant of HgOg destruction, and IT the specific ac- 
tivity. Since we are interested only in the oxidation 


Table 4 
Molai” ratio 


bile pigment haem 
total haem 


Eound by 
estimation of the 
split products 

0-31 

0-32 

0*36 

0-37 

0-38 

0-40 

0-44 

0-45 

0-45 

0-49 


Found by 
spectrophotometric 
analysis 

0-35 

0-33 

0-38 

0-40 

0-38 

0-42 

0-44 

0-43 

0-43 

0-38 


- 850 g. HgOg destroyed 

” ^0^0 g* enzyme inactivated 

1 g. HgOg destroyed ■ 

Cq A;' g. enzyme inactivated 

A;' was not determined with great accuracy; at 0*^ 
it varied from 0-0007 to 0-0023 with an average of 
0*0014. No significant difference was found between 
the ¥ of ox and of horse liver catalase. dCjdE varies 
from 20,000 to 75,000 g. HgOg/g. catalase, with an 
average of 35,000. 

In order to inactivate 10 mg. out of 50 mg. active 
enzyme (the minimum needed for estimation) more 
than 1100 ml. of 30 % HgOg solution would have to 
be added. This would increase the ratio of bile 
pigment Fe to total haem Fe from 0*40 to 0-52, 
provided that the inactivation of the enzyme were 
entirely due to the oxidation of haematin to bile 
pigment haematin. 

Effect of ascorbic acid on the destruction of catalase 
by HfO^ . We have foimd, however, a way to over- 
come these difficulties. Various authors have ob- 
served that the action of catalase is inhibited by 
reducing substances, e.g. glutathione and ascorbic 
acid. Marks [1936] fomid that ascorbic acid and 
reduced glutathione increase the rate of inactiva- 
tion of catalase by atmospheric Og . By the action 
of ascorbic acid and HgOg haemoglobin and haenio- 
chromogens are oxidized to bile pigment haem 
compounds. We have therefore investigated whe- 
ther the inhibition of the enzyme action by ascorbic 
acid is due to a real diminution of k, or to a faster 
destruction of the enzyme by HgOg (increase of ¥). 

Ascorbic acid reacts only slowly with dilute H2O2 
or KMn04. drop of N/lOO KMn04 

solution giving a colour lasting for more than 10 sec. 
is taken as the end-point, the presence of ascorbic 
acid in a concentration not greater than 10 mg./ 
100 ml. does not interfere with the titration. More- 
over there is no measurable reaction between HgOg 
and ascorbic acid during 10 min. 

Table 5 shows that kQ is decreased little, if at all, 
by ascorbic acid, while ¥ is greatly increased. 
Ascorbic acid inhibits the enzyme action by accele- 
rating the destruction of catalase by HgOg. The 
ratio dCjdE is thus diminished from 35000 to 4000 
by a concentration of 10 mg. ascorbic acid/100 ml. 

Experiments with glutathione failed to yield 
clear-cut results. Reduced glutathione reacts too 
rapidly with HgOg, and also with KMn04 . Never- 
theless our experiments indicate that the inhibition 
of catalase activity by reduced glutathione is not 
due to increased destruction of the enzyme. 
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Table 5. Destruction of catalase by HgOg at 0° 
in the presence and absence of ascorbic acid 

dCjdE 

g. 

destroyed 
g. catalase 



h 

k' 

inactivated 

Horse liver catalase with- 
out ascorbic acid 

0-054 

0-0018 

29,000 

Horse liver catalase with 

2 mg./lOOg. ascorbic acid 

0-054 

0-0074 

7,100 

Horse liver catalase with * 
10 mg. /1 00 g. ascorbic acid 

0-054 

0-0127 

4,100 

Ox liver catalase without 
ascorbic acid 

0-056 

0-0017 

27,000 

Ox liver catalase with 

4 mg./ 100 g. ascorbic acid 

0-052 

0-0088 

4,700 


Large-scale experiments. These were made to see 
if treatment of catalase with HgOg in the presence 
of ascorbic acid increases the bile pigment haem 
content. Much higher concentrations of catalase 
and, at least locally, of HgOg cannot be avoided in 
these experiments. Otherwise the large dilution of 
the enzyme would make impossible its recovery in 
the concentrated form required for bile pigment 
estimations. Even the use of concentrated (30 %) 
HjOg causes much dilution. Concentrated HgOg, 
however, destroys the enzyme by denaturing the 
protein. The danger of this was minimized by 
gradual addition and thorough mixing. 

30% HgOa { Sobering Kahlbaumpro analyst) was 
neutralized with NaOH and slowly dropped from 
a micro -burette, at a rate of one drop every 7—10 
sec., into the dilute well-buffered (pH 6-8) catalase 
solution containing the ascorbic acid. The mixttire 
was kept in a continuous swirling motion, and the 
drops of HgOg were not allowed to fall into the 
froth; gentle swirling by hand was best. Occa- 
sionally octyl alcohol had to be added, but this 
caused some enzyme denaturation and was avoided 
if possible. It can be calculated that with the 
enzyme concentrations used all the HgOg was 
almost completely destroyed before the next drop 
was added. 

In the preliminary experiments, to 0*5 ml. of a 
catalase solution {k = 7000) 5 ml. of 30 % HgOg were 
added as described ; temp. < 5°. In a second experi- 
ment ascorbic acid was added (5 mg./ 100 ml.). 
Without ascorbic acid 26 % of the enzymic activity 
was destroyed (dC7/d^ = 4200), with ascorbic acid 
69% {dCldE =IS00). Ascorbic acid thus increased 
the destruction of catalase by HgOg under these 
conditions, but not as much as in the experiments 
in very dilute solutions (cf. Table 5). This suggests 
that in the large-scale experiments much catalase 
is destroyed in a different way, a way which is much 
less or not at ail accelerated by ascorbic acid. If it 
is assumed, that the enzyme destruction in dilute 


so.lution in the presence of ascorbic acid is entirely 
due to the oxidation of protohaem to bile pigment 
haem and this reaction itself remained unaltered 
in the large-scale expefiments, it can be calculated 
that the destruction of 60 % of the activity of the 
enzyme in the experiment above ought to be accom- 
panied by a significant inciease in the bile pigment 
haem content. dCjdE in the large-scale experiment 
(1800) is about one-third of dC/dE in dilute solution 
(4700, cf. Table o), i.e. three times as much enzyme 
is destroyed by the same amount of HgOg in the 
large-scale experiments as in dilute solution, in 
which we assume the destruction to be due to the 
oxidation of protohaem to bile pigment haem. If, 
of the 60 % total loss of activity, 20 % is due to 
oxidation of protohaem to bile^ pigment haem, an 
origmal ratio of bile pigment haem to total haem 
of 0-40 ought to be increased to 0*52, which is far 
beyond the range of experimental error. The large- 
scale experiments were carried out at temperatures 
from 5 to 37°. Since the inactivation of the enzyme 
by HgOg has a higher temperature coefficient than 
the catalytic destruction of HgOg , higher tempera- 
tures ought to be favourable, up to the critical zone, 
where temperature inactivation of the enzyme be- 
comes significant. After the addition of HgOg the 
mixttires were worked up in the following way. The 
catalase activity was determined as usual. For the 
other estimations the catalase was concentrated by 
precipitation with (IsrH 4 ) 2 S 04 . In spite of being 
finely dispersed the precipitate was easily collected 
on a Whatman no. 42 filter ; the water-clear filtrate 
was practically inactive. The catalase was dissolved 
in secondary phosphate solution and dialysed at 0° 
in a collodion bag. 

The experiments summarized in Table 6 (p. 122) 
show that in five of six experiments a definitely 
higher bile pigment haem content was found after 
treatment with TLOg. In the one experiment in 
which no significant increase was found, HgOg had 
been added more rapidly at 37°, and the fact 
that a smaller amount of HgOg had led to the same 
degree of enzyme destruction (see columns 5 and 8), 
indicates greater denaturation of proteiu. 

The quotient dCldE and that part of enzyme 
inactivation due to the oxidation of protohaem to 
bile pigment haem vary considerably. This is not 
surprising in view of the experimental difficulties. 
The degree of denaturation of catalase foy^ cone. 
HgOg may alter according to froth formation, addi- 
tion of octyl alcohol and efficiency of mixing. The 
ascorbic acid concentration is altered during the 
addition of HgOg^by dilution and by oxidation, and 
while the former was avoided by adding ascorbic 
acid from time to time, the degree of the latter was 
unknown. 

We had expected that these experiments would 
supply further evidence that the bile pigment 
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haemoproteiii is catalytically inactive, but no con- 
clusive evidence was obtained. The determination 
of protohaem as haemochromogen is more difficult 
than with untreated catalase and is disturbed by 
cloudiness of the solution and incomplete reduction 
by Na 2 S 204 . If the values for protohaem are correct, 
H 2 O 2 causes a fall of the quotient A;/protohaem Fe, 
i,e. some inactivation of catalase without precipi- 
tation or oxidation, and the picture is further com- 
plicated by the fact that the decrease of the specffic 
activities of the recovered solutions is smaller than 
would correspond to the decrease of total activity. 
The latter must be explained by the denaturation 
and removal of inactive proteins in subsequent 
treatment. 

No difficulties were, however, encormtered in the 
determination of protohaem after acid splitting and 
of the ratio bile pigment Fe to total haem Fe. 
Duplicate estimations of this ratio gave results 
within ±0*02 and usually ±0*01. With the excep- 
tion of the experiment in the last row of Table 6, 
which may be considered as a blank, the increases 
of the bile pigment haem content are significant. 

DISCUSSION 

In earlier experiments we have found that by the 
action of HgOg in the presence of ascorbic acid the 
protohaem group of haemoglobin and of haemo- 
chromogens is oxidized to bile pigment haem. 
Analogous reactions with a slightly modified me- 
chanism (coupled oxidation), but of principally the 
same type, occur in vivo. They imderlie the physio- 
logical formation of bile pigment from haemoglobin 
as well as the intracorpuscular biliverdin formation 
by phenylhydrazine [Lemberg & Legge, 1942] and 
other drugs. Ox and horse liver catalases contain 
bile pigment haem, while ox erythrocyte catalase 
has been found by Laskowski & Sumner [1941] to 
contain protohaem alone. Does catalase undergo 
an oxidation in vivo similar to haemoglobin? 

In the present paper we have shown that by the 
action of HgOg in the presence of ascorbic acid the 
protohaem groups of catalase are oxidized to bile 
pigment haem groups. These experiments had to be 
carried out with unphysiologicaUy high concentra- 
tions of enzyme and HgOg but we have shown the 
effect of ascorbic acid on the rate of the enzyme 
destruction in low concentrations, and it is likely 
that the mechanism is the same. 

The bile pigment haem content of the liver cata- 
lase can be explained in three ways: (1) it is an 
artefact and due to the oxidation of catalase in 
post-mortem changes or during its isolation from 
the liver; (2) bile pigment haem groups formed by 
the breakdown of haemoglobin in the liver are in- 
corporated in the synthesis of catalase; or (3) cata- 
lase itself undergoes an oxidation in the liver. 


With, regard to the first possibility, it might be 
argued that the presence of larger amounts of 
ascorbic acid in the liver than in the red cells may 
explain why an oxidation does not occur during 
the isolation of catalase from erythrocytes. By 
autoxidation of ascorbic acid HgOg is formed and 
may act together with ascorbic acid on liver catalase 
which was originally free from bile pigment haem. 
The amounts of HgOg which can be formed during 
the isolation cannot, however, be large and appear 
to be insufficient to explain an oxidation of 30-50 % 
of the prosthetic group. Even at 20° the inactiva- 
tion of catalase by ascorbic acid is slow [Marks, 
1936] and the isolation is carried out at 0°. Neither 
Sumner et al. [1940] nor we ourselves have found 
evidence supporting this assumption. 

The second explanation does not appear probable 
if it is remembered how specific is the synthesis of 
haemoglobin. Porphyrins with side chains differing 
from those of protoporphyrin are not united with 
iron and globin, even though such compoimds may 
still carry Og, while if the catalase haemoprotein 
were synthesized from bile pigment haem and 
catalase protein, it would be inactive. 

This leaves the third hypothesis, an in vivo oxida- 
tion of catalase, as the most likely one. The differ- 
ence between erythrocyte and liver catalases would 
be explained by the greater content of reducing 
substances in the liver cells and their greater 
respiration. 

If this is the correct explanation, it leads to im- 
portant implications. Catalase can then no longer 
be considered as a mere safety valve against occa- 
sional H 2 O 2 formation. HgOg must be destroyed by 
the enzyme in vivo on a scale which is not negligible. 
Even in the presence of ascorbic acid in concen- 
trations foimd in the liver cells, each molecule of 
catalase must have destroyed at least 2x10^ 
molecules of HgOg before it became converted into 
bile pigment haemoprotein. 1000 g. of horse liver 
contain 0* 5-1*0 g. of active protohaem catalase ac- 
cording to the activity of the extracts [Stern, 
1935-6], which would mean the destruction of at 
least 500-1000 g. of HgOg by 1000 g. of liver during 
the lifetime of the enzyme. We have not yet any 
definite data on the latter, but to judge from the 
fact that the liver catalase of a colt did not contain 
less bile pigment haem than that of the adult horse 
[Sumner et al, 1940] it is probably to be measured 
in weeks or months rather than in years. 

The method of determining the bile pigment 
content of catalase may be used for studying the 
metabolism of catalase, but since large amounts of 
catalase are required for the estimations, other 
methods, e.g. with tracer elements, would be pre- 
ferable. 

Finally our experiments lend support to the 
findings of Keilin & Hartree [1938] that ferric 
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catalase iron is reduced to ferrous iron during its 
action on H 2 O 2 . Only ferrous liaem compounds 
are oxidized by HgOg to bile pigment haem com- 
pounds. Ascorbic acid does not reduce catalase, 
but may protect the ferrous H 202 -catalase com- 
pound against autoxidation. 

SUMMARY 

1. A simplified procedure for the isolation of 
crystalline horse liver catalase is described. 

2. By splitting with acetic acid and extracting 
with ether, biliverdin and small amounts of bili- 
violin are obtained from crystalline ox and horse 
liver catalases. 

3. The molar ratio of (bile pigment) /(bile pig- 
ment-!- haem) from impxire and pure horse and ox 
liver catalases was found to vary from 0*3 to 0-5. 

4. The CO-haemochromogens of these catalase 
preparations had, in addition to the absorption 
bands in CO-protohaemochromogen, an absorption 
band in the same position as that of CO-cholehaemo- 
chromogen. Spectrophotometric analysis showed 
that the height of this band was proportional to the 
bile pigment content as found by the splitting with 
acids, and that the same values for the ratio of 


(bile pigment Fe)/{bile pigment Fe-fhaem Fe) were 
found by both methods. This shows that the bile 
pigments are derived from a bile pigment haemo- 
protein. 

5. If the presence of inactive haem-free protein 
in the impure preparations is taken into considera- 
tion, it can be sho^vn that the specific activity 
(Kat.-f.) increases with decreasing bile pigment 
haem content, * being about 50,000 for catalase 
containing protohaem only, and nil for the bile 
pigment haemoprotein. 

6. A theoretically sound method for measuring 
catalase activity is described, which gives also the 
rate of destruction of the enzyme by H 2 O 2 . 

7. Ascorbic acid inhibits catalase by accelerating 
the destruction of the enzyme by HgOg . 

8. By the action of H 2 O 2 on catalase in the 
presence of ascorbic acid, bile pigment haemo- 
protein is formed from protohaem catalase. 

9. The significance of these findings for the ex- 

planation of the bile pigment haem content in liver 
catalase is discussed. 1 

This work was carried out imder a grant from 
the National Health and Medical Research Council 
of Australia. 
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The Technique of the Biological Vitamin A Assay 

By N. T. GRIDGEMAN, From the Nutrition Research Laboratory, Lever Brothers and Unilever, Ltd., 

Port Sunlight, Cheshire 

{Received 14 October 1942) * 


The publications of Burn [1937], Irwin [1937], 
Coward [1938] and Bliss & Marks [1939], to cite a 
few of the more important papers, testify to the 
existence of a good measure of agreement on the 


general principles of the graded-response biological 
assay. At the same time assays of any particular 
substance usually necessitate the use of some ad hoc 
technique. The rat-growth (curative) vitamin A 
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assay is a notable example, and we liere outline, 
recent developments in tlie conduct of this assay 
ill oiir laboratory. ' 

Some special considerations regarding the vita- 
min A assay are listed beloiv : 

(i) The criterion of vitamin A depletion in the 
experimental animals is cessation, or marked retar- , 
dation, of growth, a condition liable to cause 
secondary reactions that may jeopardize the re- 
sponse to vitamin A. 

(ii) The useful range of the growth -response curve 
is limited at its lower end by an abrupt fall at the 
point where the dose is just insufficient to prevent 
the onset of a pathological state, with consequent 
invalidity of response, i.e. the curve does not rise 
smoothly from zero. 

(hi) If the behaviour of the rats during the de- 
pletion period is ‘ good ’ there will be occasional cases 
of death or loss of weight. There is no biometrically 
acceptable method of incorporating the records of 
such, animals into the assay : if the rats die during 
the test period there is clearly no alternative to the 
somewhat unsatisfactory procedure of, in effect, 
ignoring the existence of the behaviour records; and 
because of this, the records of rats that lose weight 
have also, a fortiori, to he set aside. Otherwise we 
should have the paradox that while a negative 
growth pulled down the group average, loss of 
weight culminating in early death left the average 
undisturbed. It is therefore desirable that the assay 
conditions be such that there is a maximum number 
of positive growth responses at all dosage levels. 

(iv) The International Standard is not vitamin A 
but the provitamin j8-carotene. Some assurance 
that the two substances give a common kind of 
response under all conditions of the assay is there- 
fore desirable, i.e. evidence of the constancy of the 
conversion of j8-carotene to vitamin A is required. 
There is therefore need to demonstrate a substantial 
identity between the normal variations of response, 
and between the constants of slope of the curves of 
response, to Standard and test materials. 

The inaugural wmrk on our assay technique has 
been described [Morgan, 1934]. Minor changes have 
since been introduced, e.g. the vitamin A-deficient 


diet now’' in use is : 

0 / 

/o 

Casein A/E 10 

Coconut-cake meal 30 

Flaked rice . 48 

Dried yeast 8 

Steenbock’s no. 40 salt mixture 4 


100 

The addition of vitamin D has been shown to be 
unnecessary -with this diet. The animals (bucks 
only) become depleted of vitamin A at the age of 
about 50 days, litters always en bloc, so that the 
members of each litter are started on the 3 -week test 


on the same day. Typical average behaviour on the 
.diet is portrayed- in simplified form in Fig. 1. 

Morgan [1934] found that for the then existing 
regime the logarithm of the dosage was linearly 
related to the square of the growth response. In 
practice the differences betw^een the squares of 



Fig. 1. Composite growth curves of 834 recent test rats. 

Curve A. From weaning to vitamin- A- depletion point. 

Curve B. Test period; positive controls; on <20 i.u./ 

day. Curve C. Test period; on 2 i.u./day. Curve D. 

Test period; on T2 i.u./day. Curve E. Test period; 

negative controls; no vitamin A. 

response in weight -matched, isogenic, Standard 
{T) : test substance (S) pairs were taken as meta- 
meters* with which to calculate directly and 
to evaluate the ‘dose ratio’ (S/T), and hence the 
test-material potency, by substitution in 

Gl-G% = blogS/T. 

Until recently we have continued to use this 
equation. At approximately 6-monthly intervals 
the accumulated test data, covering a dosage range 
of about 0- 5-3*0 i.u./day, were summarized to check 
the validity of the equation and to recalculate b. 
There is, of qourse, no a priori reason why the 
growrth : log-dose curve should be linear in the vita- 
min A, or in any other, biological assay; the im- 
portant consideration is wdiether accuracy is en- 
hanced by the employment of a precise equation 
rather' than the convenient linear approximation. 

One of the consequences of the above technique 
was that the necessity of pairing left an unusable 
residuum of 10-15 % of the animals. This wasteful- 
ness caused us to investigate the rationale of rat 
selection; at the same time the biometry of the 
assay was reviewed, special attention being given 
to the stability of equation constants. 

* Metameter = the 'measurement used in a biological 
assay (see Biochem, J. 1942, 36, 411, footnote). 




To investigate the pairing. technique, 'the records 
of six routine assays were analysed. In anticipation 
of this work the usual strictness of weight matching 
(>• ±4g.) of the isogenic pairs had been relaxed. 
From each set of records two correlation coeffi- 
cients w^ere calculated, first, that within the paired 
Standard : test -material growth -responses, and se- 
condly, that between initial -weight differences and 
growth -response differences in the individual pairs 
—after segregation of interlitter and interdose 
differences (see Table 1). 

Table 1. Comlatiofis (a) within isogenically paired 
comparisons of growth-response and (b) between 
initial -weight differences and subsequent growth- 
response differences in the same pairs 



No. of 

(«) 

Correlation 

(6) 

Correlation 

■ Assay 

(buck) 

coefficient 

coefficient 

no. 

pairs 


• '^*6 

i 

27 

+ 0-497 

+ 0-024 

ii 

24 

+ 0-302 

+ 0-201 

iii 

'■ '-21 

+ 0-387 

+ 0-118 

iv 

23 

+ 0474 

-0-404 

V 

32 

+ 0-478 

+ 0-195 

vi 

20 

+ 0-293 

-0-010 

Means (by z 

transformation) 

+ 0-418 

+ 0-030 


The mean is highly significant and indicates 
that the pairing technique is advantageous, while 
the mean is not significant and indicates that 
weight-matching is superfluous [cf. Bacharach, 
1940]. Thus isogenic pairing, or, in general, intra- 
litter comparison, is the important factor. A corol- 
lary (obtained from the weighed means of the 
variance ratios) is that 10 pairs of isogenically 
matched rats give results comparable in accuracy 
with those of 19*3 arbitrarily selected pairs. 

We looked, therefore, for a new assay plan. We 
observed that if a group of test animals is equally 
divided between four dosages, two levels of Standard 
and two of test material, the use of the ‘internally’ 
calculated best linear equation (growth : log-dose) 
automatically compensates for real deviations from 
the assumed relationship. To illustrate: suppose 
that the true relation between dosage (P) and 
growth response ((t) obtaining in a group of rats 
used in an assay were expressible as the polynomial 

P = 27 + 881og (logP)2 


the growth responses would approximate . to the 
following (calculated from the polynomial) : 

' ■ 1 unit S : 27-00 g. 

2 units 8 : 48-05 g. 

Nominal I unit T = l*4 units N : 38-58 g. 

Nomina] 2 units J'=2*8 units 8 ; 54-35 g. 

Ail doses ‘daily’. 

Let us now ignore the true growth-dosage equa- 
tion and interpret the assay from the best internal 
linear equation. We have 

Slope 6, from Standard growths =21-05 /log 2 = 69-9 
Slope 6, from test-material growths = 15- 77/log 2 =52-4 

The two values are, of course, significantly dif- 
ferent. If, however, they are averaged and the mean 
(61*2) is used to evaluate the (supposedly unknown) 
dose ratio from the linear equation, we have 
Dose ratio 

4 (38-58 -27-00) +4 (54-35 -48-05) , 

= antilog ^ ' = 1 40. 

This compensatory effect operates over fairly wide 
limits : it certainly covers all curves in our" ex- 
perience. An incidental inference is that a statis- 
tical demonstration of departure from parallelism 
in a biological assay is not necessarily evidence of 
the invalidity of the test. 

Wien the Standard : test -material dose ratio is 
unity the equation constants are of minimum im- 
portance in assay interpretation, so that the smaller 
the dose ratio the better the assay. Consequently 
we always repeat assays in which the dose ratio is 
found to be unexpectedly high or low; in the repe- 
tition appropriately readjusted test-material doses 
are used. 

Because isogenic tetrads comprise only a few of 
the available test animals, others must also be used 
for routine work. The following scheme utilizes all 
rats to advantage : 

Dosage levels: 

1-2 and 2-0 units of Standard (N) 

‘nominar 1*2 and 2-0 units of test-material (T) 
Distributions: 

In a four- buck litter: 8^.2 1 82 - 0 , Tj.a 
In a three-buck litter: and 

Z S ’ T and T f between aU 

In a five- buck or more litter: any suitable extension of 
the smaller distributions 
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(the formal expression of a typical ‘square of the 
growth’ equation such as we encoxmter), and that 
in the assay there were equal ziumbers of animals 
on 1 unit and 2 units Standard (S) and nominal 
1 unit and 2 units test-material (T) ; ideally we can 
imagine the exclusive use^ of isogenic tetrads of 
bucks for this four -term dosage distribution. Sup- 
pose further that the true dose ratio T/S was 1*4 
so that with a sufficiently large number of animals 
Biochem. 1943, 37 
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Thus each test litter yields at least on© S : T' 
comparison and one b value. Litters of two bucks 
are used for negative and positive controls only. 
Intralitter initial weight differences are evenly 
spread between doses as a precautionary measure 
against the emergence of a correlation between 
initial weight aiid growth response. 

The two dosage levels, 1*2 and 2*0 i.u., are not, 
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More than 30 assays have been carried out to 
date on this plan. In several of the larger ones 
enough tetrad (four buck) litters were incorporated 
to permit analysis of variance of growth response 
and of covariance of initial weight and growth 
response. Nine such calculations have been made 

(Table 2). . . 

Note, first, the renewed emphasis on interiitter 
variations; secondly, that there is further evidence 
of the negligible influence of initial weight on subse- 
quent growth response ; thirdly , that in only one 
case, that of assay 454, does departure^ from 
parallelism approach statistical significance, i.e. the 
(P = 0'95) level of variance ratio for the particular 
circumstances is 4*2, whereas in this assay it is, at 
most, 4*8; fourthly, that in all cases but one, varia- 
tions' due to slope are highly significant, assay 465 

being a borderline exception. 

For the purposes of statistical analysis these part 
assays have each been evaluated from internal 
estimates of 6. In practice, however, this is xm- 
satisfactory. The sampling error of a single-assay 
estimate of the slope is large. And though the error 
of an estimate from a number of assays is, of course, 
correspondingly small, the use of such an estimate 
would be justified only if it were proven that abso- 
lute changes in b did not take place within the 
covered period of time. In the case of these rats it 
was found that absolute changes did take place 

Table 2. Am^sis of variance 'ana covariance of growth response (GB) and inUial weight in nine vita^n-A 
part-assays composed of isogenic tetrads of buck rats on four different doses, two of standard (S) and 
two of test 7naterial (T) 

Variances of GK due to three 
specified factors expressed as 
multiples of the corresponding 
variances due to residual eri'or 
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arbitrary. The choice,, of, a dosage interval^.is in- 
fluenced by the^ iact that the smaller it is the less, 
frequently' will responses fall outside the critical 
range (this is. especially important in assays of 
.materials that are unexpectedlj^ high or low in 
potency), whereas the larger the interval is the more 
sensitive and, other things being equal, the more 
accurate the assays will be. Our values are a 
working compromise arrived at by accumulated 
experience coupled mth certain dosimetric con- 
siderations. 

The object of the scheme is to have available at 
the end of the test the following four, equally 
weighted, isogenic pair-difference means of growth 
'response:.' ,. 

(48x‘ 2 ®‘^‘l hence overall (/S - iT) i €^-T 

(^Vo-^ro) a^^ditss.E.f 
- anditss.E. 


hence overall 6 


Concentration upon pair differences of response 
as the metameters ipso facto eliminates interiitter 
variations, and the given arrangement enables this 
to be done thoroughly despite the limitations and 
variations of litter size. From the data the assay 
and the approximate error (incorporating the error 
of the slope b) can readily be calculated. Further- 
more, in a series of assays, fluctuations of b can be 
followed and any significant differences between the 
h’s of Standard and test material detected. 


Calculations 
based on 
GR taken 
{a) alone 


‘Unad- 
justed ’ 


Assay 

no. 

No. of. 
isogenic 
tetrads 

and 

(b) adjusted 
for 

init. wt. 

Residual 

aofGR 

Riff. 

between 

litters 

Slope 

h 

Departure 

from 

parallelism 

regression 
ofGRon 
init. wt. 

as % of 
‘adjusted" 
assay 

454 . 

11 

(a) 

(&) 

4-66 

4-36 

2-44 

2-80 

26-76 

24-73 

4-281 
4-82 j 


-0-563. .. ■ 

96-3 

455 .. 

17 

(а) 

(б) 

4-79 
4-78 .. 

3-44 

3-53 

20-77 

20-95 

0-04] 

0-06J 

[ 

- 0-1 25- 

' „ 101*7 

459 

7 ' 

(а) 

(б) 

3-93 

3-95 

13-77 

13-89 

9-19 

9-74 

■ 2-23] 

2-13] 

[ 

-0-123 ■ 

99-8 

460 

9 

(o) 

(6) 

5-73 

5-30 

2-29 

1-43 

11-78 

15-84 

- 0-12] 
0-08] 

f 

"'-0-201 

105-4 ■ ' 

465 

9 

(“) 

(6) 

7-35 ■ i' 
7-50 

' 2-06 
2-26 

4-35 

4-04 

0-02] 

0-02) 

1'. 

f 

-0-115 

100-9 

460 

il 

(а) . 

(б) 

6-62 ^ 
6-55 

3-53 

3*99 

53-17 

57-54 

0-03] 
0 j 


+ 0-297 

,102-3 

' 472 

9 

(а) 

(б) 

7-53 

7-58 

. 2-25 
1-55 

23-91 

28-29 

Oil] 
. 0-11 j 

i 

- 0-253 , 

.,i05,-8 ■ 

474 

10 

(а) 

(б) 

6- 96 

7- 02 

1-78 

1-63 

- 40-46 
40-62 

1-40] 

1-00^ 

[ 

-0*126.. 

100-2 

481 

9 

{a) 

(6) 

4-73 
4-77 ,. . 

2-11 

2-13 

25-39 

^3-22 

1-80] 

1-78] 

[ 

-0-900 

9.7-7 

Weighted means 

(a) 

.5-89 

3-44 

24-89 

' . .1-06] 


-0-142 

iOM 

(92 total) 

(6) 

5-85 

3-44 

25-86 

1-05] 

( 




Upper limit 
of error 
(P=0-95) 
expressed 
=10 pairs 
% 

. .] 140-1 = 

' . 1143-6 
(150-0 
1149-6, 
(160-6 
.1158'-5 V' 
■ (151-2 . 

, 1141-6 

1206-7 
.1211-4. 
(133-5 
,. 1131-1;: 
J140-9 
1134-9 
(125-8 
[125-7 

(133-0 
i 135-5 
(150-0 
1149-4 
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and, it was therefore .thought advisable to use the 
weighted mean of the estimate of b for any given 
assay plus those of the few (latterly two) imme- 
diately preceding assays : a balance is thereby struck 
between avoidance of short-term apparent varia- 
tions of b on the one hand and recognition of real 
variations over longer periods on the other. Since 
the introduction of the new regime, the moving 
averages employed have revealed definite variation 
trends. All these averages are charted in Figl 2. 



Fig. 2. Variation in 6, the constant of slope in the recti- 
linear growth/log-dosage equation during the current 
year. Mean and limits of s.e. are given. The whole con- 
stitutes an assay-to -assay moving average, each estimate 
being based on the data of the particular assay together 
with those of (generally) the two preceding assays-— an 
average of 62 values. (By one ‘value’ of h is meant the 
estimate from one isogenic pair difference of response.) 
The mean interval between assays — and therefore be- 
tween estimates of b — is 8 days. 

It is clear from Fig. 2 that real variations of slope 
have occurred. If the component series of separate 
assay estimates is roughly trisected the following 
averages are obtained (Table 3) : 


Table 3. Variations in b, the constant 

of slope 



Standard 


Mean b 

error 

Earliest group (158 values) 

24'5 

3-23 

Middle group (173 values)' 

57-5 

3*43 

Latest group (157 values) 

42-0 

2*95 

488 values 

41-8 



It is easily demonstrable that any one of these 
three means is significantly different from the other 
two. Thus there is danger in using a fixed 6 over 
even a few months. 

Long-period fluctuations in 6 are of interest. The 
mean annual estimates over the past few years (re- 


calculated from the records, because until recently 
.the ‘s<^uare-growtli’ b was in 'use) are given below, 
together with the responses to 2 units/day and the 
mean (P = 0-95) error of a 10-paii* assay in which 
the growth responses to nominally equivalent dosage 
levels of Standard and test material are equal and 
the calculated dose -ratio is therefore unity. Under 
these conditions the error is at a minimum. 

Table 4. Annual fluctuations in certain 
mean mines in vitamm A assays 


Uxjper limit 




Mean b 


of error 



from 


(P=:0‘95) 


Mean 

isogenic 


for a 10-pair 


growth 

pair- 

S.D. of 

assay with 


on 

differences 

pair- 

equal S and T 


2 units 

only 

differences 

growth 


Standard 

(No. of 

of growth 

responses 

Year 

g- 

values) 


o/ 

/o 

1936 

45 

48 (141) 

7-5 

125 

1937 

51 

43 (135) 

7*2 

127 

1938 

48 

52 (233) 

9*6 

130 

1939 

41 

36 (107) 

10*5 

152 

1940 

38 

30 (142) 

6*8 

138 

1941 

50 

54 (104) 

7*0 

120 

1942 

41 

42 (488) 

9*0 

136 


(74^ months) 

In the fii'st months of 1942 the estimation of b 
has been made from more than twice as many 
values as in any previous year. Future variations 
of all important factors will be followed with corre- 
spondingly greater accuracy. The highest average 
error for any one year for (P = 0‘95), 3 -weeks, 
10-pairs, is 66 to 152 % , which is a little lower than 
the British Pharmacopoeia error for a 40-pair assay 
(63-159%). 

Finally, the records of assays carried out bn the 
new plan have yielded information on the com- 
parability of estimates of 6 from Standard and from 
test materials. Altogether there were 24 assays, 
involving 416 values, in which j8-carotene Standard 
was compared with test -materials in which vita- 
min A itself supplied the whole of the vitamin A 
activity (Table 5). 


Table 5. Comparison of estimates of slope frorn 
response to ^-carotene and to mtamin A 


No. of 
values 

Mean 

b 

S.E. 

Degrees 

of 

freedom 
Variance n 

/S-Carotene (8) 221 

Vitamin A [T) 195 

43*6 

39*6 

2*69 

3*02 

1601 197 

1781 171 

Bifferehce 

4*0 

4*05 


Variance ratio = 1*112, 2 

= ^loge 

1*112=0*0531. 


S.E. of 2 = V{ldl/-^6' + 

Neither the two 6’s nor the variances are signi- " 

fieantly different; thus an important coxidition of I 

satisfactory assay work is fulfilled. This conclusion j, 

depends to some extent on the mean Standard ; test- i; 

9-2 . / '5 
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material dose-ratio of the component assays, be- 
cause in. a series in which the mean dose-ratio is 
mucii higher or lower than unity a systematic 
dihorence due to departure from parallelism may 
invalidate the result. The mean dose-ratio of the 
above 24 assays is sufficiently close to unity, being 
approximately Id. 

SUMMARY 

(i) For the vitamin A-test rats in this laboratory 
interlitter variations in response are large enough 
to justify strict adherence to isogenic comparisons. 
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The ratio of the numbers of isogenic or anisogeiiic 
pairs required for equal accuracy is about 1 : 2. 

(ii) A new assay plan for routine work is de- 
scribed. A moving average estimate of 6, the 
constant of slope, is employed. 

(iii) Real variations in 6 are found to occur over 
comparatively short periods. 

(iv) The 6’s for vitamin A and /S -carotene are 
shown to be substantially similar. 

The author wishes to thank the directors of Lever 
Brothers & Unilever, Ltd,, for permission to publish 
this work. 
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Further Studies of Cryptogam Tissue Proteins: Protein Composition 

and Tissue Function in Plants 

By j. W. H. LUGG, From the Nutrition Laboratory, Division of Animal Health and Nutrition, 
Commonwealth Council for Scientific and Industrial Research, at the 
University of Adelaide, South Australia 

(Received 28 October 1942) 

In an earlier article [Lugg, 1940] the amide and tions and the tissues from which they were ob- 
some amino -acid contents of the photosynthesizing tained, have been described [Lugg, 1940]. 
tissues of Lunularia cruciata, Pteridium aquilinum The U. lactuca preparation was made from thalli 
and SelaginelLa uncinata,"^ and similar data for leaf collected on 11 April 1941 from a rocky ledge in the 
protein of Trifolium suhterraneum, were reported. Southern Ocean near Port Elliot. The ledge was 
It was pointed out that the amide, tyrosine and completely submerged at high water but merely 
tryptophan contents revealed no marked changes washed over by the wayes at low water. The thalli, 
in the compositions of the proteins to correspond thoroughly wet with sea water, were examined 
with the different degrees of evolutionary develop- about 36 hr. after collection. They did not differ in 
ment of the three .cryptogams and of the phanero- general appearance from freshly collected material, 
gams (i.e. Trifolium suhterraneum) which have been nor appear more flaccid. They vrere rinsed with dis- 
examined. tilled water and pressed between sheets of blotting 

In this article, the results of further analytical paper. After being weighed, they were dried at 
work with the same protein preparations will be 65*^ in a current of air and then powdered, prior to 
reported. Some data are given for one of the ex- removal of non-coagulable and other non-protein 
tracted protein preparations from pinnae of Fieri- nitrogenous substances [Lugg, 1939]. Complete dry- 
dium aquilinum, and the protein in the thalli of ing was effected by heating at 105° for about 8 hr. 
Viva lactuca. , and exposing at low pressure over H2SO4 . Nitrogen 

METHODS estimations were made by the Kjeldahl method, 

_ The fresh thalli contained 15-8% dry material 

The protein preparations. With the exception of consisting of 1*18, 0-90 and 0-83 % of 'totaU, ^co- 
the Ulva lactuca preparation, the protein prepara- agulableVand ‘protein’ N respectively. The dried 

* Previously reported as ^ Selagmella Bp. (probably whole protein preparation contained 2*04% N, 
Jungermannioides group) I am indebted to Prof. J. G. 11 *5 % ash (by ignition in air at about 600°). 

Wood for completing the identification of this plant. ash contained large amounts of CaSO^ , ' 

S. uncinata is not in the Jungermannioides group. Partial analyses of the protein preparations. The 
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amide, tyrosiiie, diiodotyrosine, tryptophan, cystine 
plus cysteine and methionine contents of the protein 
preparations were estimated by methods described 
in earlier articles [Lugg, 1937; 1938 a, 6, c]. The 
arginine, histidine and lysine contents of one of 
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eluding hydrolysis) employed in the estimations 
[Lugg, 1938 a, 6; Tristram, 1939]. 

In Table 1 are shown, in the order of the columns, 
the characteristic label of the preparation consisting 
of a number followed by W, E or R, signifying 


Table 1 . Partial analysis of the plant-protein preparations 
by the method of Lugg {see p. 133) 


Preparation Total JST Biiodo- Cyst. + SO4-S 

(see text) - (%) Amide Tyr. tyr. Try. Cyst. Meth. meth. x 100/K Ash 

OW Ulva lactuca {thsJli) 2-04 5-59 1-34 0*0 1*01 2*2 1*2 3*4 124*5 11*5 

IW Lunularia cruciata 3*92 5*52 2*43 0*0 1*70 1*31 1*36 2*67 0*51 3*5 

(thaUi) 

2W Pteridium aquilinum 5*82 5*12 2*43 0*0 1*70 1*31 1*36 2*67 0*51 3*5 

(pinnae) 

2E „ 11*1 4*97 2*08 — M3 1*11 1*71 2*82 0*02 1*4 

2R „ 2*70 5*14 2*20 — 1*13 1*20 1*65 2*85 0*37 1*6 

2E1 ,, 12*0 4*92 2*14 0*0 1*19 1*16 1*74 2*90 0*06 1*3 

3W Selaginella uncinata 3*12 5*31 2*60 0*0 1*43 1*22 1*49 2*71 0*64 9*9 

(leaves and stems) 

4W Trifolium suhterraneum 7*17 5*29 2*53 — 1*75 1*15 1*32 2*47 0*08 0*7 

(leaves) 

4E „ ■ 14*1 5*35 2*64 — 1*62 M3 1*38 2*51 0*00 0*4 

4R „ 5*26 5*39 2*64 — 1*67 1*12 1*29 2*41 0*00 3*1 

Estimations unaffected by presence of carbohydrate. Amino-acids are given as percentage of total N. 

Percentage errors, from replicate estimations in present and earlier work; N in dry preparation 0*5, amide 1*5-2, 
tyrosine 2-3, tryptophane 3-4, cystine -}- cysteine 3-5, but 20 for OW, methionine 4-6, but 30 for OW; sum of last two 
2-3, but 10 for O W. The error for arginine, histidine and lysine estimations from the work of Tristram [1939]. 


the extracted protein preparations from pinnae of 
Pteridium aquilinum, were estimated by Tristram’s 
[1939] methods. From tests which have been re- 
corded with the descriptions of these methods of 
estimation, it seems probable that the considerable 
impurities in the protein preparations would not 
have vitiated the results obtained (Table 1). Esti- 
mations by the other methods (Table 2) are vitiated 

Table 2. Partial analysis of the protein preparations 
by other methods {seep. 133) 


HI digestion 
and titration 


Tristram [1939] 
(see p. 134) 


respectively that the preparation was made from 
whole tissue, a tissue extract, or from tissue residues 
after extraction of some of the protein, followed by 
the name of the plant and tissue from which the 
preparation was derived, and the analytical data. 
Most of the amide, tyrosine, diiodotjnosine and 
tryptophan contents have been already reported 
[Lugg, 1940], and the preparations are numbered 
as before. The Ulva lactuca preparation has the 
number 0. The numbers are in the order of what is 
customarily accepted as the increasing degree of 
evolutionary development of the plants. 


Estimations affected by the presence of carbohydrate 
and not corrected for the effects. 

Amino-acids are given as percentage of total H . Correc- 
tions were applied according to Tristram [1939]. Arginine 
+ 2*6 mg. H in addition to solubility correction of Ag. 
arginine. Histidine + 0*3 mg. IST. Lysine -f 1*6 mg. N. 
Hydrolysis factors 1*06, 1*03 and 1*07 respectively. 

* This value increased to 15*3 when corrected for effects 
of presence of carbohydrate impurity. 

to some extent by impurities such as carbohydrates, 
and sometimes by small amounts of prosthetic 
carbohydrate. In both tables the amino-acid con- 
tents have been corrected for such losses as the pure 
free amino -acids xmdergo in the procedures (in- 


DISCUSSION 

From comparison of the partial compositions of 
‘whole’, ‘extracted’ and ‘residual’ protein pre- 
parations (Table 1), the conclusion was drawn that 
2E, 2E 1 and 4E were reasonably representative of 
. the ‘whole’ proteins in the tissues from which they 
were' extracted, and the analyses shown in Table 2 
are, therefore, assumed to be analyses of represen- 
tative proteins, but they are undoubtedly subject to 
systematic errors, because such preparations contain 
impurities of a carbohydrate nature (e.g. pentosan 
or mucilage). 

Lugg [1938 6] found that these impurities affected 
the estimations of cyst(e)me and methionine by the 
HI digestion procedure differently with different 
protein preparations and that the differences were 
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irregularly relaited'.. to , the amounts of impurity*, 
the standards of. reference being estimations by the ■ 
differential oxidation procedure. Thxis corrections 
coulcinot safely be attempted, and the results are 
only imperfect checks upon the values obtained by 
the less specific differential oxidation procedure. 
Note that the methionine content of 2E1 was 
actually slightly higher when estimated by the 
former procedure than by the latter. This may have 
been due to the presence of an impurity in the 
HI digest capable of reacting as methionine does 
in the titration procedure, but random errors could 
easily account for the discrepancy. Nearly all the 
cyst(e)ine plus methionine estimated by the differ- 
ential oxidation procedure could be accounted for 
by the HI digestion procedure in this instance, 
which is imusual with preparations as impure as 
2E 1 appears to be (see below). 

Tristram [1939] found that the infiuence of these 
impurities upon the estimations of histidine and 
lysine was irregularly related to the amount of 
dmpurity, but was small when the latter was not 
overwhelmingly large. For amoxmts of impurity 
such as those in 2 El, he considered the effects 
too small and uncertain to justify corrections. He 
found, however, in the estimation of arginine that 
the' effects of small amounts of impurities were 
sufficiently regular to warrant the use of a correc- 
tion factor calculable from the estimated percentage 
impurity. 

Two methods of estimating the . amount of im- 
purity in preparations like 2 El, or of estimating 
the percentage N in the hypothetically ‘pure’ pro- 
teins, have been discussed elsewhere [Chibnall, 
1939]. They are (1) computation from extensive 
amino-acid analyses of an impiire preparation, and 
(2) calculation from the amoimt of humin precipi- 
tated at pH 2*5 after acid hydrolysis on the assump- 
tion that the impurity has behaved like a pentosan. 
These methods lead to substantially the same results 
when applied to extracted preparations from 
Dactylis glomerata. Since the leaf proteins ‘ of all 
phanerogams so far examined have very similar 
compositions, there is some justification for the 
assumption that the pure proteins all contain about 
17 % N. The pinna protein of Pteridium aquilinum 
has not been sufficiently examined to permit the use of 
method (1) except in a very loose way, i.e. since from 
Table i it corresponds fairly closely in composition 
with the leaf proteins of the phanerogams examined, 
it too probably contains about 17 % N, if pure. Data 
for method (2) were obtained from both 2E and 
2E 1, which yielded respectively, 28*2 and 24*8% of 
‘humin’, containing 7*4 and 6*9 % of the protein N; 

* Smith <fc Wang [1941], ignoring these complications, 
have contended from their analyses of pasture protein 
preparations by this procedure, that the protein composi- 
tion varies somewhat with season. 


Calculations from these data (ignoring ash) suggest 
that the ‘pure’ preparations would have contained 
17*8 and 17*4 % N respectively and it seems reason- 
able to accept the rounded value, 17 %. The actual 
preparation must have contained 30 % impurity, 
and from Tristram’s [1939] correction table, the 
correction factor to be applied to the arginine con- 
tent reported in Table 2 is 1*20/1*06. The corrected 
value is shown in a footnote to the table. 

In Table 3 the partial composition of the proteins 
in the somatic photosynthesizing tissues of the 
cryptogams and those of various phanerogams are 
compared. The* arginine estimations are corrected 
for impurities. The plants are grouped into families, 
orders, classes and divisions in the natural classifi- 
cation. The divisions have been arranged from left 
to right in the sequence of increasing evolutionary 
development, and the sequence has been main- 
tained, as far as current evolutionary theory per- 
mits, down to the genera. Some of the extracted 
protein preparations are known not to have been 
fully representative of the tissue proteins, but they 
probably did not differ from them very much. 
These data have been drawn from material in the 
present article and from analyses by Lugg [1938 c; 
1939] and Tristram [1939]. Mean values are quoted 
where analyses have been made of more than one 
preparation from any particular plant species. 

The striking featiu’e of Table 3 is that among 
representatives of the bryophyte, pteridophyte and 
spermatophyte divisions, differences in tissue pro- 
tein composition are small, the greatest variability 
being in the tryptophan content. The tissue protein 
of Pteridium aquilinum has a lower tyrosine and 
tryptophan content than those of the other plants 
belonging to these three divisions, and as compared 
with these its methionine content is rather high 
relative to its cyst(e)ine content; but in its amide, 
arginine, histidine and lysine content it is very 
similar to the others. 

Unfortunately the cystine and methionine con- 
tents of the tissue protein of the only representative 
of the thalloph^^d^e division {Ulva lactuca) are subj ect 
to considerable errors, owing to the 2*5 % of 
sulphate-S in the preparation. This was present 
possibly as sulphuric acid esters of substances of 
carbohydrate nature. The possibility of the presence 
of nitrogenous substances other than protein, in 
preparations like OW, cannot be ignored. However, 
the rate of production of NHg by hydrolysis (in the 
amide-N estimation) was very similar to those found 
for phanerogam leaf-proteins [Lugg, 1938 c], and 
the presumption is that non -protein nitrogenous 
substances had been removed completely. The 
cystine content of the tissue protein is rather high 
and the tryptophan rather loWj in comparison with 
those of the other proteins, and though there is 
nothing unusual in the amide content, the tyrosine 
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content is ■ decidedly low. Many marine algae 
{notably members of the class Phaeopliyceae) con- 
tain fairly large amounts of iodine compounds, but 
this U. laotuca preparation (like the other pre- 
parations examined) contains no diiodotyrosine. 


bility than are revealed in Table 3. It is not known 
whether the composition of whole proteins of 
cryptogam tissues are as independent of climate, 
locality of growth, manurial treatment and tissue 
age, as are those of the phanerogams. Small varia- 


Table 3. Partial compositions of the proteins of the somatic, photosynthesizing tissues of plants 
Division Thallophyte Bryo^phyte PteridjDphyte Spermatophyte 

Subdivision Algae Hepaticae 


Class 


Order 


Chlorophyceae 


Angiospermae 


Monotocyiedon 


Dicotyledon 


Ulvales Marchantiaies Filicales Lycopodiales Glumifiorae Centro- 

spermae 


Family 

Genus and 
species 


Uivaceae 


Ulva 

lactuca 


Lunularia 

cruciata 


Rosales 


Pteridi'um 

aquilinum 


Clieno- 

Gramineae podia- Leguminosae 

ceae I 


Selaginella 
uncinata . 


Dactylis Lolmm 
glomerata perenne 


Beta 

cicla 


TrifoUum Trifolkim 
suhterraneum pratense 


Amide 
T;^TOsine 
Diiodotyrosine 
Tryptophan 
Cyst(e)ine 
Methionine 
Arginine 
Histidine 
Lysine 

Estimations coirected where necessary for carbohydrate impurities, 
parations: those in ordinary type for whole protein preparations. 

Amino -acids are given as percentage of total N. 


5-59 

5-52 ■ 

5*12 

5-31 

5*07 

5*22 

5*28 

5*39 

3-40 

D34 

2*43 

2-06 

2*60 

2*48 

2*45 

2*63 

2*53 

2-30 

0-0 

0-0 

0^0 

0*0 

OB 

— 




1-01 

ITO 

1*14 

1*43 

1*84 

1*84 

1*50 

1*75 

pro 

2-2 

1-31 

M4 

1*22 

1*40 

1*44 

1*45 

1-15 

P25 

D2 

1-36 

1-63 

1*49 

1*54 

1*53 

1*43 

1*32 

P29 

— 

— 

U'B 

— . 

14‘6 

14B 

12-8 

— 

14B 

— 

— 

2'4 

— 

2A 

2-4 

2-25 

— 

2-3 

— 


6-45 

— 

&1 

6B 

6-7 

— 

6‘3 


Values in italics are for extracted protein pre- 


Little work has been done with cryptogams other 
than unicellular organisms like yeasts and bacteria. 
Mazur & Clarke [1938] studied the amino-acid com- 
position of the nitrogenous substances not extracted 
by alcohol from the tissues of various marine algae. 
In thalli from one specimen of U. lactuca they foimd 
that 5’ 5% of the remaining N was amide -N; and 
in this and another specimen, that 0-0 and 0*0 % 
was tyrosine-N, 0*3 and 0-6% was tryptophan -N, 
1-8 and 2T % was cyst(e)me-N, and 0-0 and 0*0 % 
was methionine-N. Except for. the amide and 
eyst(e)ine content, these results are very different 
from those reported in Table 1. Of the N remaining 
after alcohol extraction in tissues of Osmunda clay- 
toniana (pteridophyte), the same authors found 
0*6% cyst(e)ine-N, IT % methionine-N, 7*6 % ar- 
ginine -N, 3*7% histidine -N and 3*6% lysine -N. 
These results again differ considerably from the 
values in Table 1. Mazur & Clarke’s analyses were 
actually analyses of the nitrogenous substances dis- 
solved out by hot formic acid solution from the 
alcohol-extracted tissues, and it is not certain 
that the formic acid dissolved out unaltered 
protein. 

The amounts of those amino -acids which were 
not estimated may exhibit different degrees of varia- 


tions have been reported by Chibnall [1939], Lugg 
[1938 a, b; 1939] and Tristram [1939] for the whole 
proteins of the leaves and for preparations believed 
to be fahly representative, but in regard to age of 
tissue the sources of material included neither seed- 
lings at the one extreme nof senescent plants at the 
other. Barrien & Wood [1939] and Hanson, Barrien 
& Wood [1941] have shown that the N : S ratios 
in their protein preparations from Sudan grass 
{Andropogon sudanensis) were higher for seedling 
leaves than for older leaves. Their S estimations, 
however, included any sulphate -S which may have 
been present. Reference has been made above to a 
claim by Smith & Wang [1941], of variation with 
season, but there is, as yet, no conclusive evidence 
that the composition of the whole leaf protein of 
any phanerogam varies markedly with changes in 
the conditions enumerated. 

Phanerogam tissues contain at least two proteins 
of somewhat different composition. These have been 
tentatively referred to the fluid protoplasm and 
vacuole contents on the one hand, and to the 
granular inclusions like chloroplasts, chondriosomes 
and nuclei on the other [Lugg, 1938 a, 6; 1939]; or 
to chloroplasts on the one hand, and the rest of 
the protein-containing morphological units on the 
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other [Barrien & Wood, 1939; Hanson et al. 
1941]. Chibnall [1939] showed that vacuole protem 
maj' differ somewhat in composition from the pro- 
teins of the fluid and granular parts of the proto- 

plasm. 

In these somatic, photosyiithesiziiig tissues two 
well-defined types of process occur — the ordinary 
living processes of the cell, and those processes 
intimately connected with photosynthesis and it 
is possible that the physical and chemical properties 
and compositions of the proteins associated with 
these processes vary very little. Perhaps also the 
proportions of the different proteins differ little in 
different species, different climates, with different 
ages of tissue and so on. 

It is generally agreed that present-day bryo- 
phytes, pteridophytes and spermatophytes repre- 
sent increasing degrees of evolutionary development 
from a common ancestor ; and there is no reason for 
supposing either that the basic living processes, or 
that the photosynthesizing processes, have changed 
radically, either in. the gametophyte or the sporo- 
phyte generations of the plants. These considera- 
tions are in harmony with the observation recorded 
in this article, namely, that the ‘whole’ proteins of 
the gametophyte tissue of bryophytes, and of the 
sporophyte tissue of pteridophytes and spermato- 
phytes, appear to be of similar composition. It is 
generally accepted that the Chiorophyceae (Thallo- 
phyte) are in the same main branch of evolutionary 
descent as the green land -plants [Bower, 1929; 1935 ; 
Fritsch, 1929]. It is likely that the Viva lactuca 
thalli belong to both the sporophyte and the 
gametophyte generations of the plant [Foyn, 1929]. 
Possibly the individual proteins in the thalli of 
U. lactuca are similar to those of these other plants, 
but occur in very different proportions. The I’adical 
evolutionary step by which the tissues were trans- 
ferred from a water to an air environment may 
have demanded modification of the composition and 
physical properties of individual proteins. It would 
be of interest to discover, from analyses of tissue 
proteins of sea phanerogams, whether the reverse 
step has required any modification of protein 
composition. 

In sharp contrast to what appears to be the re- 
lative uniformity of composition of ‘whole’ proteins 
of the somatic photosynthesizing tissues of the 
bryophytes, pteridophytes and spermatophytes, is 
the non -uniformity of composition of proteins in 
tissues characteristic of the spermatophytes alone, 
namely, the seeds. Since the seedling depends for 
its early growth upon the seed proteins, these should 
correspond fairly closely in composition with the 
leaf proteins. This is sometimes not the case. True, 
satisfactory analyses have been made only of the 
proteins of angiosperm seeds, and these appear to 



be elaborated in cells possessing 3n chromosome 
nuclei, but in regard to tissue protein composition 
no particular significance can be attached at present 
to chromosome number (ef. tissue protein composi- 
tion of Lunularia cruciata possessing n chromosome 
nuclei, with those of the pteridophytes and sper- 
matophytes possessing 2n chromosome nuclei). Leaf 
proteins appear to be of ‘fibrous’ type and are very 
readily denatured, whereas many seed proteins are 
of ‘globular’ type and can withstand prolonged 
periods of partial desiccation at relatively high 
temperatures. Possibly biological fitness for sur- 
vival might otherwise be assured by fairly close 
correspondence of composition, whereas denatured 
seed proteins may be of little use to young seedlings ; 
resistance to denatufation of seed proteins may be 
almost a prime criterion of fitness at the present 
stage of evolutionary development of the spermato- 
phytes, an unfavourable composition of the proteins 
from the point of view of seedling nutrients being 
in comparison a small disadvantage. 

The comprehensive analysis of a single protein 
preparation is laborious, and there are many species 
of pasture plants. The object of the investigation 
here described was to extend, if possible, the basis 
of the belief that for the purposes of animal nutri- 
tion studies, comprehensive analyses of pasture 
proteins might well be confined in the first instance 
to those of only a few species representative of the 
most important families of pasture plants. It is 
considered that the investigation has substantially 
broadened the basis for that belief. 

SUMMARY 

Partial analyses have been made of the ‘whole’ 
proteins of the somatic, photosynthesizing tissues 
of a variety of cryptogams (a thallophyte, Ulva 
lactuca; a bryophyte, Lunularia cruciata; and two 
pteridophytes, Pteridium aquilinum and Selaginella 
uncinata), and also of one more phanerogam (Tn- 
folium subterraneum). 

The apparent similarity of composition of tissue 
proteins of plants from the bryophytes upward 
through divisions exhibiting increasing degrees of 
evolutionary development, has been contrasted 
with the pronounced lack of xiniformity in the com- 
positions of seed proteins. An attempt has been 
made to interpret the findings in terms of hypo- 
thetical relationships between tissue function and 
environment, and protein composition and physical 
and chemical properties. 

The assistance of Mr R, A. Weller is gratefully 
acknowledged. Thanks are due also to Miss B. S. 
Barrien and Miss C. M. Eardley for the collection 
and classification of plant material and for helpful 
discussions. 
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A Simple Fluorescence Comparator and its Application 
to the Determination of Porphyrin 

By C. RIMINGTON, With an addendum by E. Schuster, From the 
National Institute for Medical Research, London, N .W . ^ 

(Received IB October 1942) 


Several substances of biochemical interest are either 
themselves fluorescent in radiation of suitable wave- 
length, or are readily transformed quantitatively 
into fluorescent materials. Among these may be 
mentioned the porphyrins, stercobilin and related 
pigments, flavins, including vitamin Bg, certain 
chemotherapeutic drugs and aneurin. 

Quantitative methods based on the measurement 
of fluorescence intensity have the advantages of 
being highly specific and extremely sensitive, en- 
abling very small quantities of material to be 
determined with accuracy once they are suitably 
extracted. Such methods suffer, however, from the 
disadvantage of requiring, for accurate results, rela- 
tively expensive apparatus such as the combination 
of an ultraviolet source with thfe Zeiss or Pulfrich 
photometer or some type of photoelectric colori- 
meter. 

For the purposes of a particular investigation it 
became necessary to carry out a number of quanti- 
tative determinations of porphyrin in single speci- 
mens of urine, each containing about 2/xg. of 
porphyrin. Only measurements of Huoresence in- 
tensity were sufficiently sensitive, and in order to 
bring the method within the reach of the small 
medical or factory clinic an inexpensive fluorimeter 
or fluorescence comparator was essential which, 
acting very much like an ordinary colorimeter, 
would give results of sufficient accuracy for general 
purposes. It was realized that, with suitable ad- 
justments, the instrument would serve for the 
determination of a number of fluorescent materials 
in addition to porphyi*ins, e.g. vitamins, drugs etc., 
as noted above. Its construction, and operation 
with porphyrin solutions, will be described in the 


present paper, whilst other applications will be 
dealt with in subsequent commmiications. 

Requirements of a fluorescence comparator 

The essential requirements of a fluorescence com- 
parator are : 

(1) An easily operated source of ultraviolet 
radiation with suitable filter to remove visible light. 

(2) An optical system to conduct the visible 
fluorescent light into the eyepiece. This should not 
be in the same axis as the ultraviolet source. The 
emergent fluorescence is collected in the present 
instrument at an angle of 55*^ to the ultraviolet 
beam and is reflected by a system of mirrors into 
the eyepiece, the optical path being approximately 
equal to the distance of normal vision, so that 
lenses may be dispensed with. A suitable filter is 
interposed, the transmission of which covers a suit- 
ably narrow band in the region in which the 
fluorescence lies. With porphyrins, Ilford spectral 
filter no. 607 (orange) transmitting 595-650 m.p is 
used. 

(3) A device for altering the intensity of one 
beam. In the present instance glass screens made 
by photographing a standard neutral-tinted wedge 
are used, and by adopting a reciprocating arrange- 
ment, rotation of a graduated knob brings about 
a gradual, but toiform, darkening of the field 
emanating from the standard. Matching is per- 
formed as in a colorimeter. 

The construction and mechanical arrangements 
of the apparatus are described in the Addendum by 
Dr E. Schuster who has been responsible for the 
detailed design and who has kindly constructed the 
first four models produced. 
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METHODS , 

Calibration and operation of the apparatus 
for the determmation of porphyrin 

The extraordinarily intense fluorescence of por- 
phyrin solutions has been studied by a number of 
workers from Dhere [1933] onwards, one of the 
most detailed of recent investigations being that of 
Fink & Hoerbiirger [1933] in which the effects of 
pH, salt concentration, temperature etc. were de- 
scribed. These authors showed that porphyrin 
isomers could foe recognized by differences in their 
pH -fluorescence curves. 

Fikentscher [1932] first described a method of 
porphyrin determination based upon the measure- 
ment of fluorescence intensity in a Zeiss step-photo- 
meter, and in his article will be found a consideration 
of the factors governing the’ accuracy of any such 
method. With concentrations of from 0 to lOpg. 
porphyrin/ml. fluorescence intensity is proportional 
to concentration (other things such as incident 
illumination remaining constant), but above this 
limit quenching intervenes. 

An attempt to reduce the cost of the necessary 
apparatus has been made by Stevens & Turner 
[1937] who describe a fluorescence method m which 
a carbon arc serves as the source of ultraviolet 
radiation, and the fluorescence elicited is measured 
by an electrical circuit containing two photo-cells. 

A much more convenient and relatively inex- 
pensive source of ultraviolet radiation is the ‘ Osira ’ 
mercury discharge lamp with Wood’s glass bulb, 
which is incorporated in the present machine. As 
fluorescent standard, a solution of coproporphyrin 
in 5% HCl is employed in a sealed Monax glass 
test tube, the concentration being 2/ag./ml. This is 
made up from the tetramethyl ester as follows : 
A , stock solution is first prepared by dissolving 
1*085 mg. of solid coproporphyrin tetramethyl ester 
(equivalent to 1 mg. free coproporphyrin) in 5 ml. 
of glacial acetic acid, and adding 5 % HCl (137 ml. 
cone. HCl to 1 1.) to a total volume of 100 ml. This 
stock solution contains lO/^g./ml. and should be 
kept in the dark in a stoppered bottle. The acetic 
acid it contains increases its stability. Solutions of 
lower concentration are prepared from it by dilution, 
as required, and in such a way that the final con- 
centration of HCl is 0*25 % (see later). Fikentscher 
reports that his standards (0*375-0*75/xg./ml. made 
up in 5% HCl without acetic acid) suffered ho 
change in 6 weeks. 

Attempts to find a stable fluorescent dye to serve 
as an artificial standard in place of porphyrin have 
not been successful. An ideal standard, in acMition 
r ^ to possessing stability, should both absorb at the 

same wave-length in the ultraviolet, and fluoresce 
in the same spectral region, as does coproporphyrin. 
Several substances have been investigated, one of 
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the most promising being resorufiii (alkali salt), but 
the intensity of its fluorescence is such that in con- 
centrations sufficient to match 2/xg. porphyrin/ml. 
quenching occurs. Safranine, the use of which 
was kindly suggested to me by Mr Jope of the 
Nuffield Laboratory, Oxford, also exhibits quench- 
ing at concentrations higher than about 30 mg./L, 
corresponding in fluorescence intensity to 0*3ftg. 
coproporphyrin/ml. 

A coproporphyrin standard which has been in 
regular use in one apparatus in a sealed tube has 
shown no deterioration during nearly 3 months. 

Monax glass test-tubes are used for both standard 
and unknown solutions. This glass does not fluoresce 
in ultraviolet radiation and is moderately trans- 
parent. Other suitable makes such as Hysil (for 
which suggestion I am indebted to Mr Jope) may 
also be employed. 

To calibrate the instrument the standard 2 pg./mL 
porphyrin solution in its sealed tube is placed in 
the right-hand side of the instrument and varying 
dilutions of porphyrin in similar test tubes in the 
left-hand side; sets of 5 or 10 matchings are then 
recorded for each dilution. With the instruments 
we have constructed a plot of the scale reading 
against the porphyrin concentration exhibits a 
linear relationship (see Fig. 1). Since accuracy of 
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0*01 0*1 0*2 0*3 0*4 0*5 

ftg. porphyrm/ml. 

Fig. 1. Calibration curves of fluorescence comparator 
for porphyrin. 


matching is greater at the lower intensities, it is 
best to dilute a more concentrated solution with 
0*25 % HCl untir it contains about 0*25 /xg./ml. 
which affords a convenient intensity of fluorescence. 
The range of the instrument may be taken as being 
from 0*05 to 0*5 /xg. porphyrin/ml. 

A porphyrin solution of unknown concentration 
is examined in exactly the same way, the mean of 
5 or 10 matchings being accepted and the corre- 
sponding porph3rrin concentration read off from the 
calibration graph. 
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As in all colorimetric work, it is advantageous to ^ on the alkaline side of the isoelectric point by means 
work in the .dark. The sensitivity of the human eye . of Na citrate-NaOH buffers. The results are shown 
to differences in coloui^ intensity (especially reds) in Figs. 2 and 3. 
is 'kno'Vim to vary considerably, but there is, no 
doubt that any particular observer improves with 
practice. 

Melation between pH mid intensity of fluorescence 

Fink & Hoerburger [1933] investigated the fluor- 
escence of a variety of porphyrins both natural and 
synthetic, using buffer solutions to cover a pH 
range of from about 2-0-8*0, and found that, in 
general, fluorescence is minimal in the region of the 
isoelectric point, but increases progressively as the 
solution becomes more acid or more alkaline. An 
exception was foimd in the case of the aetiopor- 
phyrins which possess no carboxyl groups and fail 
to show the increase of fluorescence in alkaline 
solutions. The conclusion was drawn, therefore, that 
it is the + or — charged porphyrin molecule which 
is responsible for fluorescence. 

As stated above Fink & Hoerburger ’s [1933] in- 
vestigations did not extend to solutions more acid 
than pH 2 nor more alkaline than pH 8. Fikentscher 
[1932] had previoxisly, and somewhat arbitrarily, 
selected 5% HCl as the medium to be used as 
solvent. 

Using the fluorescence comparator described in 
this paper and a fixed standard, it was at once 
apparent that fluorescence in 5 % HCl is much less 
than maximal and that small variations in acid 
concentration in this region result in relatively 
large discrepancies. 

The pH fluorescence curves of coproporphyrin (I) 
and uroporphyrin (III) were explored from the iso- 
electric point to regions of high acid concentration 
as follows: Stock solutions of the porphyrins were 
made up from the esters in 5 % HCl containing 
5% acetic acid as previously described, the uro- 
porphyrin concentration being 20/i,g./ml. and the 
coproporphyrin lOgg./ml. It may be noted here 
that 5 % HCl is the most convenient strength of 
acid to use in preparing solutions from the esters; 
the pigment dissolves in this solvent in presence of 
acetic acid and hydrolysis of the ester takes place 
slowly on standing at room temperature. ISla 
citrate-HCl buffers [Clark, 1928] to cover the 
range pH 4*95-1*17, whilst for still more acid 
solutions, imbuffered HCl of concentrations 0*5, 

2*5, 5 and 10% were used. 0*1% acid afforded 
a useful comparison with the buffered solutions. 

0*1 ml. quantities of the stock uroporphyrin or 
0*2 ml. of coproporphyrin were diluted to 5 rhi. 

(final concentration 0*4 /xg./ml. ) with the appropriate 
buffer, the pH of the solution being measured by 
the glass electrode and its fluorescence by the com- 
parator. In the case of uroporphyrin (III) the 
investigation was extended to include the region 


pK 

Fig. 2. Fluorescence intensity of coproporphyrin in acid 
solutions. Porphyrin concentration 0*4 gg. /ml. •Buffered 
solutions. X Unbuffered solutions. 0 Coiucident values. 

The intensity of fluorescence of both porphyrins 
rises to a maximum at about pH 1*4, but declines 
rapidly as the concentration of acid is increased. 




20 ^ 

NaOH 






pH 

Fig. 3. Fluorescence intensity of uroporphyrui in acid and 
alkaline solutions. Porphyrin concentration O-4/ig./ml 

5 % HCl is seen to be a most mlsuitable solvent for 
quantitative measurements, whereas in the region 
pH 1* 2-2*0 for coproporphyrin, oi* 1 *0-1*6 for uro- 
porphyrin, fluorescence intensity remains practically 
constant. The acid number of coproporphyrin is 
fortunately low, viz. 0*1, so that a solvent such as 
0*25% HCl having pH 1*24 can be used to extract 
it directly from ethereal solution. 
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0,n th.e alkaline side the fluorescence of uropor- 
phyrin, .increases regularly from the isoelectric point 
to a pH of about 8*0 after w,hich it remains constant 
until pH 12 (0*l,iV NaOH) is reached. Even in 
" N the intensity is substantially' the same, 

but in 10 % HaOH it has dropped to about one-half, 
and in 50 % alkali it is practically extinguished. 

In high concentrations of both alkali and acid, 
therefore, the intensity of porphyrin fluorescence is 
depressed. These changes are reversible, the por- 
phyrins being relatively very stable molecules, and 
it seems reasonable to suggest on the basis of Fink 
& Hoerburger’s [1933] theory that the fall in 
fluorescence intensity is due to suppression of the 
ionization of the molecule in presence of the over- 
whelming concentration of OH or H ions. 

A practical outcome of these investigations is the 
suggestion that quantitative fluorescence intensity 
measurements for both uroporphyrin and copro- 
porphyrin should be made in 0*25% HCl (pH 
approx. l“24) Vhen small variations in pH will have 
relatively little effect upon the result. In the case 
of uroporphyrin it is convenient under certain cir- 
cumstances to work in alkaline solution and for this 
purpose 0*1 N NaOH is a suitable solvent to employ. 
The fluorescence comparator has been calibrated 
for all these possibilities. 

Equal quantities of uroporphyrin (I) and uro- 
porphyrin (III) under the optimum conditions 
exhibit equal intensity of fluorescence. It should 
clearly be possible, however, to employ the instru- 
ment for ideiitificatioii of porphyrin isomers by 
plotting the pH-fluorescence curves according to 
Fink & Hoerburger in a series of buffer solutions 
on either side of the isoelectric point. 

Preparation of the porphyrin extract from urine 

In this paper the manipulation of the fluorescence 
comparator has been described first, since it is 
desired to emphasize that its function is to record 
the concentration of any given solution. Errors 
introduced in the preparation of the extract, varia- 
tions in porphyrin excretion during the day etc., 
must not be confused with those inherent in the use 
of the comparator. 

Little is known concerning the level of porphyrin 
excretion throughout the day, hence wherever pos- 
sible a 24 -hr. specimen should be collected and an 
aliquot portion of 25--50 ml. taken from this for 
analysis. * One-tenth of the volume of glacial acetic 
acid is then added, followed by 2 voL of solvent 
prepared by mixing 9 vol. of ether with I vol. of 
light petroleum (B.P. 40-60°) and the mixture is 
shaken in a stoppered separatory funnel for about 

* Mr dope of the Huffield Laboratory, Oxford, has in- 
formed me in a private communication that he finds the 
urinary porphyrin excretion may vary widely throughout 
the course of the 24 hr. 


1 min. The addition of petroleum minimizes the 
risk of emulsification whilst having no appreciable 
effect upon the extraction of the porphyrin. When 
separation is complete the lower layer is drawn off 
and discarded, and the ethereal layer is washed three 
times in succession with about an equal volume of 
distilled water. The porphyrin is now transferred 
to 0*25 % HCl by adding 2 ml, of acid, shaking 
and transferring carefully to a Monax test tube 
graduated at 5 and 10 ml., then repeating the ex- 
traction with 1*5 ml. and lastly with 1 ml. of 
acid. The pooled acid extracts are then made up to 
the 5 ml. mark, the tube stoppered and the contents 
mixed. It is then placed in the left-hand side of the 
fluorescence comparator and a set of readings made. 
Reference to the calibration -graph gives the con- 
centration of porphyrin/ml. of extract. Should the 
solution require further dilution, it may be mad© 
up to the 10 ml. mark with 0*25 % HCL From start 
to finish a complete determination can be made in 
about 15 min. The used solvent may be collected 
for eventual recovery. 

It will be noticed that only 'a single extraction of 
the urine with ether is performed. This is justifiable 
for a clinical method on grounds of speed, conveni- 
ence, economy and the degree of complete extrac- 
tion obtained. To perform a second extraction would 
mean the use of a second separatory fumiel or an 
intermediary vessel to store the ether, and the use 
of twice the amount of solvent. Usmg solutions of 
pure coproporphyrin containing from 0*05 to 0*5//,g. 


Table 1. Comparison of porphyrin determinations on 
pathological urines by the standard method and the 
fluorescence comparator method 





Fluor- 





escence 




Standard 

com- 




method 

parator 

Differ- 



ug. por- 

ag. por- 

ence 

Case 

Diagnosis 

phyrin/L phyrin/l. 

% 

Th. 

Toxic jaundice 

79*3 1 

75 

- 5-4 



89-7*| 


-18*5 

Shep. 


319* 

320 

+ 0*3 

Do. 

Sprue 

102 

100 

- 2-0 



25*2 

25 

- 0*8 

Go. 

Aplastic anaemia 

70-8* 

60 

-15-3 

Sh. 

,, 

111 * 

70 

-36*9t 

Sh. 

»!» 

58* 

60 

+ 3*5 

V.d.S. 

Hepatic insuffi- 

156 

167 

+ 7*1 


ciency 

70 

77 

+ 10 * 0 . 

Sm. 

Hepatic cirrhosis 

47-8 

43 

- 10-0 

Thom. 

Addison’s disease 

'■ 77*7 

77 

- 0*9 

Ber. 

Acute idiop. 

313 

306 

- 2*2 


porphyi’ia 




Ber. 

97 

769 

750 

~ 2*5 

Ber. 

97 

916 

1080 

4 . 17.9 

Res. 

Pellagra 

892*5 

768 

-13-9 


* Determinations made by Dr J. KenGh, Royal In- 1 

firmary, Manchester. 

t The acid extract was much coloured by foreign pig- I 

ment (from a highly pigmented urine) which probably led. 
to a high spectrophotometric result. _ 
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♦ of porphyrin/mL, i.e. from approximately the 

normal to ten times the normal concentration in 
urine, and subjecting them to the extraction pro- 
cedure outlined above, it has been found that the 
recovery is a,bout 90 % . Should tiubidity affect the 
final acid extract, it may be centrifuged. 

Agreement with the standard procedure 

In order to test the reliability of the fluorescence 
method when applied to normal and pathological 
f urines, a number of specimens were analysed by 

^ this technique and also by the standard procedure 

f of Fischer, in which to 1 1. or more of urine, one- 

tenth the volume of acetic acid is added and the 
mixture then shaken twice with at least an equal 
quantity of ether. After washing repeatedly with 
water, the ether layer is shaken with successive 
quantities of 5 % HCl and the porphyrin in the 


combined extracts determined spectrophotometri- 
cally (Hilger-Nutting apparatus calibrated by means 
of standard coproporphyrin solutions, readings 
being taken at a wave-length of 546-549m/i- in the 
centre of the ^ band of the acid absorption spec- 
trum). Frequently, in some pathological urines> 
the initial acid extract contained brownish pigments 
without characteristic absorption spectra, which led 
to erroneously high porphyrin figures, but by careful 
repetition of the purification over ether and re- 
extraction with acid [Rimington & Hemmings, 
1939] these could usually be eliminated and a 
reliable result be obtained. Through the kindness of 
Dr J. E. Kench of the Manchester Royal Infirmary 
many of the standard analyses were performed in 
Manchester, whilst the corresponding fluorescence 
measurements were made at Hampstead. Table 1 
presents the results obtained. 




ADDENDUM. By E. SCHUSTER 
Construction of the apparatus 


The apparatus is shown semi-diagrammatically in 
Figs. 4 and 5 which give respectively a sectional 
elevation and a sectional plan. It consists of a 



(1/3 natural size). 

metal box, the back wail 'of which (1) is raised 
upwards for 4 in. and then bent baekvrards for 2 in. 
to form a flange (2) which coincides in plan with a 


backward prolongation of the base (3). Two vertical 
brass rods (4) connect the base with the flange, and 
a horizontal bracket (5) is clamped to these rods at 
an adjustable level. The lampholder (6) for the 
Osira lamp (7) is screwed to the under-surface of 
the bracket. Piercing the top of the box near the 
back wail are two guide tubes, of which the right- 
hand one receives the test tube (8) containing the 



Fig. 5. Semi-diagrammatic sectional plan 
(1/3 natural size). 


standard solution and the left-hand one the sample 
(9). The bottoms of the test tubes are supported by 
sockets (10) attached to the base. Ultraviolet rays 
reach a section of each, test tube through windows 
(11) in the back waU, Small brackets surrounding 
these windows serve to carry extra pieces of Wood’s 
glass, for xise in determinations in which a spectral 
filter is omitted. They eliminate the last traces of 
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visible light .from the source. Vertical partitions (12) ■ on the spindle above the top, of the box. The spiral 

separate off a central compartment of the box and groove is' of such a pitch that the whole range of 
serve as supports for the three mirrors which- it ' movement of the slides is achieved by slightly less 
contains. Two of these (13) lie at right angles to than one complete revolution of the spindle, and, 
each other in vertical planes, while the third (14) as the grooves are right- and left-handed, equal and 
makes an angle of 45° with the horizontal. opposite movements are given to the two slides by 

Fluorescent light from the two test tubes enters a given degree of rotation, 
the central compartment through square apertures The slides are of such a length that their less 
(15); it is reflected by the vertical mirrors on to the dense ends are separated by a gap of about J in. 
oblique mirror and thence upwards into the eye- when the dial knob is at zero, so permitting un- 
pieco (16) through a hole in the top of the box. The obstructed light to pass in this position from the 
base of the eyepiece tube contains a filter (17) right-hand tube to the mirror for comparison with 
wliicii cuts off practically all light except the the tube on the left. This arrangement has been 
wave-lengths px'oduced by the fluorescence of * found convenient for certain determinations in 
porphyrin. which a blank had to be evaluated. 

Interposed between the standard and the aper- The inside metal work of the apparatus is painted 

tui‘e (15) are the two glass screens (18); the dark black and the tube of the eyepiece is lined internally 
end of one is above and of the other below, so that with matt surfaced black paper, 
where they overlap they produce a uniformly 

shaded field. The screens are mounted in slides (19) Thanks are due to Mr J. Smiles and his assistants 
which can mo\^e up or down a vertical guide (20). of this Institute for kindly preparing the glass 
Each is held at the desired level by a pin (21) which screens used in the construction of the instrument, 
enters a spiral groove in a vertical cylinder (22). I also wish to acknowledge the benefit of friendly 
The spiral is in one case right-handed and in the discussions with my colleagues, Dr J. E. Keneh of 
other left-handed. The two cylinders are fixed one the Royal Infirmary, Manchester and Mr E. M. 
above the other to a spindle (23) carried in bearings Jope of the Eadcliffe Infirmary, Oxford. Dr Z. A. 
in the top and base of the box ; a knurled head and Leitner kindly secured some of the pathological 
a dial divided into a hundred divisions are mounted urines used for test studies. 
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The Utilization of Urea in the Bovine Rumen. 1. Methods of Analysis 
of the Rumen Ingesta and Preliminary Experiments in vivo 

By R. M. PEARSON and J. A, B. SMITH, From the Hannah Dairy Research Institute, KirkhilL Ayr 

{Received 14 October 1942) 

Some evidence has accumulated during the past fed to ruminants in suitable amounts and in appro - 
40 years to suggest that ruminants can utilize simple priate mixtures. It has been suggested that certain 
non-protein nitrogenous compounds such as urea micro-organisms which multiply in the rumen buiid 
when these compounds replace a proportion of the ’ up their own body protein from this simple form of 
protein normally present in. the diet. The work, nitrogen. These micro-organisms then pass further 
much of which is highly controversial, has been along the alimentary tract where theii* protein is 
reviewed recently by Krebs [1937], and also by digested with the ordinary protein of the diet. The 
Owen [1941]. Since these reviews appeared, publi- work here described was undertaken to test the 
cations by Owen, Smith & Wright [1941; 1943] in validity of this theory. 


this country and by Hart, Bohstedt, Deobald & A steer with a large rumen fistula was employed 
Wegner [1939] in America have shown that urea and in the original plans, made' in 1938, it was 
imdoubtediy has some definite nutritive value when hoped to use this animal, in the first place for in 
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mvo experiments in wiiicli urea would be fed and 
any changes occurring in the IST distribution in the 
rumen ingesta would be observed, and secondly for 
obtaining samples of the rumen contents for in vitro 
incubations with' urea. 

It was first necessary to establish reliable methods 
for the accurate determination of non -protein 
nitrogen (k.p.n.), urea and NHg in rumen ingesta, 
and also to study the heterogeneous nature of the 
rumen contents themselves, for it soon became 
clear that in any experiments carried out in vivo^ 
sampling of the rumen contents would present great 
difficulties. The first paper of this series is therefore 
concerned with the details of the methods adopted 
for estimating n.p.n., urea and ISTHg, with the 
heterogeneity of the rumen ingesta of the steer, and 
with some preliminary in vivo experiments. 

METHODS 

The estimation of N.P.N. m rumen contents 

(a) Rumen liquor. The three protein precipitants which 
seemed most suitable were trichloroacetic acid, sodium 
tungstate in H2SO4 and alcohol. It is well known that for 


up consisting of 1 part rumen liquor to 20 parts 10% 
GCI3.GOOH and portions filtered after I, 4 and 24 hr. The 
re'suits are summarized in Table 1. 

-- It appears from these results that with CCls-COOH the 
time which elapses between precipitation and filtration is 
not of great importance. Up to 4 hr. there was little 
difference, and after 24 hr. the n.p.x. values had only 
increased by about 5 % . Provided therefore that a definite 
time be chosen for all determinations, consistent results 
should be obtained. Decreasing the proportion of rumen 
contents to CGI3.COOH solution from 1 in 5 to 1 in 50 
increased the x.p.n. value from 24’5 to 28*2, but note that 
the values obtained for a ratio of 1 in 5 and 1 in 10 differed 
only very slightly and that the same was true for the two 
values obtained with ratios of 1 in 20 and 1 in 50. Con- 
sistent results should therefore be obtained with this pre- 
cipitant by keeping the proportion of rumen liquor to 
CCI3 . CO OH approximately constant throughout. The actual 
concentration of COI3.COO.H is obviously important, for 
the higher the concentration the greater is the x.p.x. value. 
Throughout the present work a 10% solution was used. 

Precipitation with sodium tungstate in sulphuric acid. 
50 ml. 10% sodium tungstate solution were added to 10 g. 
of rumen liquor and the mixture made up to 500 ml. with 
H2SO4 of various strengths. It was filtered after 24 hr. The 
effect of varying the proportion of rumen liquor to pre- 


Table I . Estimation of N.P.N. using trichloroacetic acid as precipitating agent 

(mg./lOO g. rumen liquor) 


i 



I^atio of rumen liquor 


Time of filtration (1: 


Cone, of trichloroacetic acid 


to total mixture; made 


precipitation), 1 ] 

f 

(%) (1 rumen liquor 


up with 10% trichloro-. 


rumen liquor in 20 

1. 

to 20 parts total mixture; 


acetic acid (filtered 


total mixture; made 

f 

filtered after 24 hr.) 

N.P.N. 

after 24- hr.) 

N.P.N. 

10% trichloroacetic 

? 

, ^ 2-5 

22*1 

1 in 5 

24*5 

■■ 1 

1 

■5-0 

23*9 

1 in 10 ^ 

25*2 

4 

t 

7*0 

25*3 

lm20 

27*3 

. 24 


10*0 

27*2 

1 in 50 

28*2 


I 

15*0 

33*3 




* 

20*0 

35*7 





many substances the estimation of n.p.n. does not result 
in an absolute value but that different values are obtained 
by different processes and by slightly different applications 
of the same process. Tests with rumen liquor were therefore 
carried out to find how suitable these three precipitants. 
were for the present investigations, and under what con- 
ditions they gave reliable values which could be readily 
duplicated. The sample of liquid rumen contents used con- 
tained, after straining through muslin, 2T% total solids 
and 80 mg. total N/lOO g. The experiments with this sample 
were planned to study the effect on the n.p.x. value of 
(1) the concentration of the precipitant, (2) the concentra- 
tion of the rumen contents in the precipitant, and (3) the 
time for which precipitation was allowed to continue before 
filtration. 

Precipitation with trichloroacetic acid. Approximately 5 g, 
of the rumen liquor were accurately weighed into each of 
a series of flasks and made up to 100 ml. with GCI3 . GOOH 
solution of various concentrations ranging from 2-5 to 20% . 
The mixtures were thoroughly shaken and then filtered 
after 24 hr. At the same time further samples of the same 
rumen liquor were precipitated with 10% GCI3.COOH, but 
the proportion of the rumen liquor to the total volume of 
the mixture varied from 1 in 5 to 1 in 50. Again filtration 
was performed after 24 hr. Finally mixtures were made 


cipitant and of varying the interval before filtration was also 
studied. 

The results (Table 2) show that when filtration was 
carried out 24 hr. after precipitation, all concentrations of 
H2SO4 between N and A7IO tended to give very similar 
results, whereas with more dilute acid the values were much 
higher. These high values were probably due to incomplete 
precipitation, for it was difficult to obtain a clear filtrate at 
the greater dilutions. The same explanation probably holds 
for the higher values obtained with N/d acid when filtration 
occurred 1 or 4 hr. after precipitation. Table 2 also shows 
that the ratio of rumen liquor to total volume of mixture 
has little effect on the n.p.n. value provided 24 hr. elapse 
before filtration. 

Precipitation with alcohol. Similar tests were made using 
alcohol as the precipitant. The results (Table 3) show that 
the value for N.r.N. increases as the concentration of alcohol 
diminishes, due undoubtedly to less complete precipitation 
as the water content of the alcohol increased, since with 
96% alcohol a clear filtrate could be obtained almost 
immediately, whereas with the 60 and 40% alcohols filtra- 
tion was slow and tended to give turbid filtrates. With 96% 
alcohol the N.P.K. values were little affected either by the 
ratio of rumen liquor to alcohol or by the time between 
precipitation and filtration. 
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Table 2. Estimation of N,P,N. 

'Normality of H 2 SO 4 (1 part 
rumen liquor made up to 
50 parts total mixture; 
filtered after 24 lir.) n.p.n. 

' N 18-8 

N/2 18*0 

N/6 17*6 

N/IO 18-2 

N/12 24-1 

' N/16 24-0 

N/20 26-4 


using somum tungstate a 

(mg./lOO g. rumen liquor) 

Katio of rumen liquor to 
total mixture made up 
with N/6 H2SO4 

1 in 5 
1 in 10 
1 in 20 
1 in 50 
1 in 100 



as precipitating agent 


N.P.N. filtered after 


1 lir. 

4 hr. 

24 hr. 

21-2 

20-9 

20-5 

21-5 

' 22-2 

19-6 

23ffi 

24-2 

18-5 

27-4 

27-6 

18-0 

33*6 

33-1 

19-0 


Table 3. Estimation of N.P.N. using alcohol as a precipitating agent 


(mg,/100 g. rumen liquor) 


Cone, of alcohol (% by vol.) 






1 part of ramen liquor to 


Ratio of rumen liquor to 


N.P.N. filtered after 


20 parts total mixture; 


total mixture made up 

^ 

A 


filtered after 24 hr. 

N.P.N. 

with 96 % alcohol 

1 hr. 

4 hr. 

24 hr. 

96 

18-3 

1 in 5 

18-5 

18-5 

19-2 

80 

19-5 

1 in 10 

17-7 

18*7 

18*3 

60 

33-1 

1 in 20 

16-3 

16*3 

17*7 

40 

40-3 

1 in 50 

16-4 

17-7 

17-6 


It is obvious firom these first three tables that when 
filtration was carried out after 24 hr. the 96% alcohol and 
sodium tungstate methods gave similar results (17-6”19-2 
and 18-0-20-5 mg./lOO g. respectively), whereas 10% 
CClg^COOH (1 part rumen liquor to 20 parts total mixture) 
gave much higher values (26*6-27‘3 mg./lOO g.) although the 
same sample of rumen liquor was used for ail the results 
recorded in Tables 1”3. Differences of this order (7-10 mg.) 
between values found by the alcohol and the tungstate 
methods and the value by CCI3.COOH have always been 
observed when the three precipitants have been compared. 
Of the three methods investigated the alcohol procedure 
is the simplest, but it was observed that if phosphate were 
added to rumen contents as a buffer when urea or NH3 was 
present, the alcohol was liable to precipitate a portion of 
the NH3 , probably as magnesium ammonium phosphate. 

alcohol procedure was therefore of very doubtful value 
as a routine method. CCI3.COOH was the next choice in 
order of simplicity. This substance, however, is expensive 
and large quantities are not readily obtained in war time. 
Moreover, owing to the inactivation of urease by OCI3 .CO OH 
the estimation of urea in such a filtrate presents diffi- 
culties. It was therefore decided to use sodium tungstate 
and H2SO4 as a general routine procedure, confirming the 
results periodically by parallel tests with CCI3. GOOH. 

The method finally adopted was as follows. 
Approximately 10 mi. rumen liquor, accurately 
weighed, were added to 50 ml. AT/fi H2SO4 in a 
ml. fiask and the mixture transferred to a 
volumetric flask with AT/fi H2SO4; 50 ml, 
10 % sodium tungstate were added and the volume 
was made up to the mark with AT/O H2SO4. After 
standing for at least 24 hr. the mixture was filtered 
and aliquots of the filtrate were taken for analysis. 
Various trial experiments showed that the rumen 
liquor could remain in the 100 ml. flask with II2SO1 


for at least 2 days before it was made up to 500 mi. ; 
after that,^ any time between 24 and 48 hr. could 
elapse before filtration took j^lace without any 
measurable change in the analytical results. 

(6) Solid rumen ingesta, A sample of the solid 
rumen ingesta was taken from the rumen at the 
same time as the sample of the rumen liquor used 
in the experiments just described. It contained 
14-3% of total solids and 290 mg. total N/lOOg. 
The N.P.N. value estimated by 10% CCI3.COOH 
was 40*2 mg./lOO g., while the corresponding value 
by the sodium tungstate method was 19*6 and by 
the 96% alcohol method 20-3. With the solid 
ingesta therefore, as with the liquor, the alcohol 
and tungstate methods gave similar results, whereas 
the figure obtained by using CCI3 . COOH was much 
higher. Moreover, with the alcohol and tungstate 
methods the n.p.n. content of the solid ingesta was 
almost the same as that of the liquid { 19-20 mg./ 
100 g.), whereas by the CCI3.COOH procedure the 
two values were very different, 40‘2 mg./100 g. for 
the solid and 27-2 for the liquid. The solid and 
liquid ingesta might b© expected to have similar 
N.P.N. values when estimated on the wet weight, 
since the solid material, which contains some 86 % 
water, is constantly coming into contact with the 
liquid and so is likely to be impregnated with it. 
For this reason, and from these results, the authors 
believed that in routine work with mixtures of 
liquid and solid ingesta more accurate and con- 
sistent values for n.p.n. would be obtained by the 
tungstate method than by the us© of CCI3 . COOH. 
The reason for the higher values 
CCI3 . COOH is not yet known. 
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The estimation of ammonia. Aliquots of the filtrate from 
the tungstate precipitation were neutralized with N NaOH 
using phenol red as indicator. 2 ml. N IsFaOH were then 
added in excess and the mixture was distilled for 10-15 min. 
in a current of steam, the distillate being collected in NjoO 
acid. This procedure gave results identical with those ob- 
tained when the acid aliquot was rende-ired alkaline by 
addition of solid MgO. 

The estimation of urea. Aliquots of the tungstate filtrate 
were neutralized as in the estimation of JSiHg, 10 ml. 0-6% 
KH2PO4 were added as a buffer, followed by 5 ml. of a 
30% alcohol urease extract [see Peters & Van Slyke, 1932]. 
The mixture was incubated at 40-45° for 20 min. 2 ml. 
N NaOH were then added and the mixture was distilled 
in a current of steam for 10-15 min. The distillate was 
collected in N/50 acid. 

In both, the NPI3 and urea estimations blank 
determinations were made. The accuracy of the 
method was tested by determining urea in liciuid 
rumen contents to which urea had been added in 
varying amounts. The results recorded in Table 4 

Table 4. Estimation of urea using tungstate 
as precipitating agent 
(mg. N/lOO g.) 


Urea-N added 

1-52 

3-04 

6-08 

7-60 

Urea-N found 

144 

2-93 

6-13 

7-54 

Recovery (%) 

95 

96 

101 

99 

Urea-N added 

15-2 

304 

60-8 

152-0 

Urea-N found 

15-7 

30-2 

60-2 

151-0 

Recovery (%) 

103 

99 

99 

. 99 


show that with less than 6 mg. urea-lSr/lOO g. rumen 
contents the accuracy is about 95 % , but that above 
that value the accuracy closely approaches 100 % . 

The heterogeneous nature of the rumen ingesta 

The bovine rximen is an enlargement of the 
oesophagus and may contain as much as 200 lb. of 
material. The upper portions of the ingesta have a 
consistency similar to that of horse faeces, but as the 
rumen is descended the mass becomes increasingly 
moist, until 12-18 in. below the fistula the solid con- 
tents are bathed in fluid. At frequent intervals the 
whole mass of liquid and solid is mixed together by 
movements of the rumen musculatory system. A 
sample truly representative of this heterogeneous 
mass at any given time is difficult to obtain. Deter- 
minations of ]Sr distribution values on samples taken 
at the same time from different positions in the 
rumen showed a yariation between extremes of 
almost 20 % , and marked differences were also ob- 
served when samples of the material were taken 
from different depths in the riimen. In Table 5, the 
total N and K.F.N. values are recorded for moist but 
solid samples taken from different levels of the 
rumen. The n.f.n. values in particular show very 
wide variations. At depths below 8-12 in; the 
sampling difficulties beconie greater, for at these 
levels the proportion of liquid to solid withdrawn 
can be varied at will by the sampler. The sampling 
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difficulties apparent in the results recorded in 
Table 5 are therefore much greater for samples 
taken from lower levels in the rumen where (below 
8 in.) the greater part of the rumen contents is to 
be found. 

Table 5. Goncentratiorb of total nitrogen and N.F.N. of 
rumen ingesta from different depths of the rumen 


Fresh rumen 
contents 
(mg./lOO g.) 


Dry matter 
(nig./lOO g.) 


/o 

Total N 

N.P.N. 

Total N 

H.P.X. 

82-5 

342 

15-8 

1949 

90 

84-3 

321 

20-1 

2044 

128 

85- i 

307 

li-9 

2053 

80 

83-9 

288 

12-3 ■ 

1788 

77 

3-1 

15-8 

40-8 

12-9 

39-8 


Depth below 
surface of 
ingesta 
in. 

1 

4 

6 

8 

% difference 
between 
extremes 


One of the aims of these experiments was to feed 
urea in a typical basal diet and study the changes 
in the rumen ingesta at intervals after the meal. 
Preliminary tests were therefore made to detect any 
variations in the total NT of the rumen ingesta 
throughout the 10 hr. following a urea-free meal. 
Each sample analysed was a mixture of samples 
taken from four different parts of the rumen (see 
Table 6). It will be seen that total N values varied 

Table 6. Nitrogen content of rumen ingesta 
at hourly intervals after meal 


Time 


Total N (mg. 

./lOOg.) 

after 


r" 


meal 

Moisture 

Fresh rumen 

Dry ' 

hr. 

0/ 

, /o 

content>s 

matter 

1 

80-0 

360 

1800 

2 

80-2 

322 

1628 

3 

80-5 

362 

1856 

4 

82-4 

302 

1716 

5 

82-0 

311 

1728 

6 

81-9 

316 

1746 

7 

81-6 

322 

1750 

8 

81-7 

360 

1967 

9 

. 81-9 

328 

1817 

10 

82-0 

312 

1733 


very irregularly from 311 to 362 mg./lOO g. for wet 
rumen contents, and from 1628 to 1967 mg./lOOg, 
for dry matter. The authors believe that these varia- 
tions were due mainly to sampling difficulties which 
made it impossible to detect with certainty the 
conversion of urea to protein in the rumen after a 
urea meal unless the amount of conversion were 
much greater than could be expected. 

It was originally intended that extensive in vivo 
experiments should be done. The N distribution in 
the rumen on a diet containing no added urea was 
to have been determined. Urea was then to be 
included and its conversion into protein closely 
observed. After preliminary experiments, however, 
it appeared that sampling difficulties made precise 
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iiiforniatioit as to N distribution throughout the 
wlioie of the .nuneu iugesta at any given time un- 
obtainabie. Wii fmut such information any attempt 
to follow tlie con\-ersioii of urea to protein in the 
intact rruTien vu,s of little value. 

AnoUier (lir'riculty also arises in interpreting the 
results olitained in in vwo experiments, because 
portions of the rumen contents are periodically 
passing from the rumen and reticulum into the 
other stomachs, and the material passing on at any 
time may not be representative of the rumen con- 
tents as a whole. It follows that if the small amount 
- of urea or ammonia N present in the rumen imme- 
diate! 3" after a urea meal decreased within the next 
few hours, the decrease might be partly due to the 
passing of water-soluble urea or NH3 into the other 
stomachs and intestines, and not necessarily to their 
conversion to protein. Even a simultaneous increase 
in the amount of total N in the dry matter of the 
rmnen contents might be due to a selective passing- 
on of water-soluble carbohydrates and other con- 
stituents of the diet. These difficulties are illustrated 
by t he results of an experiment in the in vivo section 
of the general investigations. 

For 6 months the steer had received daily a mixture 
consisting of 2|lb. oats, 21b. bran, lib. starch, fib. 
molasses, 40 g. urea, 14 lb. hay and water ad Ub» During 
this particular experiment the concentrate mixture was 
given in two portions, one at 9.45 a.m., the other at 

4.30 p.m. Samples of rumen contents were removed at 

9.30 a.m., 10.30 <a.m., 12.30 p.m. and 3.30 p.m. The 9.30 
samples should therefore have been representative of the 
rumen ingesta after a fast of 17 hr., the others of the 
material at varying periods immediately after the .meal. 
At each sampling period semi-solid samples of approxi- 
mately 600 g. were collected from near the top at each of 
the four ‘corners’ of the rumen and a fifth more liquid 
sample from deep dov-n in the centre of the rumen. Without 


further treatment these five samples were analysed imme- 
diately in duplicate for water, total N and n.p.n. contents. 
Three days and also 6 days later this procedure was re- 
peated. Thus, while the steerbvas receiving the basic diet 
plus urea, 96 values were obtained for the content of both 
the total N and the x.p.x. in the semi-solid ingesta, and 
24 values for both these constituents in the liquid ingesta. 
Urea was then omitted from the basic diet and 9, 12 and 
15 days later, the sampling and analytical procedure were 
repeated. The detailed results are too numerous to publish 
in their entirety. It appeared, iiowevei’, that with both the 
semi-solid and the more liquid samples duplicate deter- 
minations for the same sample frequently differed by 20 % 
or more. A similar difference was often observed in the 
values obtained for samples taken at the same time but from 
different parts of the rumen. Such large divergencies in in- 
dividual values were too frequent to permit conclusions to be 
drawn as to the synthesis of protein from urea in the rumen. 

The average results (Table 7) gave 210 evidence 
either for or against the theory that urea is utilized 
in this way. A study of Table 7 shows the following 
points : 

(1) The concentrations of crude protein, true 
protein and n.p.n. were, higher in the dry matter 
of the liquid ingesta than in that of the semi-solid 
material. In any quantitative experiment therefore 
the proportion of solid to liquid ingesta, and in fact 
the total amounts of each in the r umen, would have 
to be Imown, 

(2) There was no significant difference between 
the protein contents of the rmnen ingesta when the 
diet was fed alone and when it included urea. 

(3) The only significant changes on the urea diet 
were in the n.p.n. fraction, e.g, 144 mg./ 100 g. in 
the dry matter of the liquid ingesta just before a 
meal had increased to 313 mg./iOO g. 30 min. after 
the meal and had fallen again to 110 mg./ 100 g. 
some 5|- hr. later ; the corresponding values for the 
semi-solid ingesta were 74, 118 and 59 mg. N/lOO g. 


Table 7. Tliree-day average values for the content of crude protein^ true protein and N.P.N. in the 
rumen ingesta on a diet containing urea and on the same diet without urea 

N.P.X. 

Crude protein True x^rotein mg. N/lOOg. 

%, dry matter % dry matter dry matter 

Time after previous meal r- — s r ^ . r- — - 


hr. 

Urea 

No urea 

Urea 

No urea 

Urea 

No urea 


Semi-solid ingesta 





17 , , 

11*6 

10*6 

IM 

10*2 

:,74 

62 

0*5 

10*1 

10*3 

9*4 

9*9 

11 s 

6S 

3 

10*2 

10*1 

9*7 

9*8 

83 

44 

6 

11*0 

10*7 

10*6 

10*3 

59 

58 


Liquid ingesta 





17 ■ 

15*1 

' 17*2 

14*2 

16*7 

144 

S3 

0*5 

17*3 

15*6 

15*3 

14*8 

313 

130 

3 

16*3 

14*9 

14*6 

14*1 

276 

128 

6 

15*3 

15*8 

14*6 

14*9 

119 

139 

A^'erage of 96 duplicate determinations 
involving 48 samples of semi-solid ingesta 

10*7 

10*4 

10-2 

^’io’*o 

84 

58 

Average of 24 determinations involving 

12 samples of liquid ingesta 

16*0 

15*9 

14-7 

15*1 

213 

120 



Crude protein = 6*25 X total N; true protein =6*25 x (total N - 
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To show that iirea was converted to protein in 
the rumen such an experiment should yield results 
such that the decrease in ist.p.n. followmg the urea 
meal could be correlated with an increase in the 
‘true protein’. But here, if the fall in n.p.h. were 
entirely due to protein synthesis, a decrease in 
N.p.N. from 118 to 59 iilg. N/lOOg. and from 313 
to 119 would mean an increase in true protein of 
only 0*4 and 1*2 % respectively. The value of 9*3 % 
for the true protein of the semi -solid ingesta 30 min. 
after the meal (Table 7 ) would therefore have to 
increase by 0 - 4 - 9 * 7 %, some hours later, an increase 
which would not be significant owing to sampling 
errors. Similarly, the value of 15*3 % for the liquid 
ingesta would have to increase to 16-7 % . Actually 
in the solid material the value i-ose to 9-7 % after 
3 hr. and 10 - 6 % after 6 hr,, but in the liquid 
ingesta it decreased to 14 * 5 %. These results there- 
fore supply no proof of protein synthesis from urea. 
They are, however, not at variance with the sug- 
gestion that protein synthesis from urea did take 
place, because throughout the day the animal con- 
tinued to drink at intervals and to secrete the usual 
large quantities of saliva. Moreover, part of the 
ingesta, particularly in the more liquid form, would 
be continually passing from the rumen. These pro- 
cesses would all tend to induce a diminution in 
protein and in n.p.n. content of the liquid ingesta 
as the interval after the meal increased. Simul- 
taneously the semi-solid rumen ingesta might be- 
come slightly richer in protein because the more 
soluble carbohydrate material was washed out of 
the animal’s food. By increasing the urea in the 
diet during the urea period the problem would not 
be solved but made more difficult, as the greater 
urea consumption would increase the water ingested 
and this would enhance the protein content of the 
solid ingesta and decrease that of the liquid. 

DISCUSSION 

The detection of urea conversion to protein by an 
in experiment of this type is extremely difficult 
and seems never likely to yield results completely 
beyond dispute. Thus it seemed wise, at least in the 
early stages of the work, to concentrate on incuba- 
tion experiments carried out in vitro when these 
difficulties would not arise, and to postpone the 
in vivo section of the general investigations for the 
time being. The main portion of the work completed 
therefore consists almost entirely of the in vitro 
experiments to be discussed in the next two papers 
of this series. 

Since the original in vivo programme was tem- 
porarily abandoned, Wegner, Booth, Bohstedt <fe 
Hart [1941] have published a description of in vivo 
experiments using a heifer with a rumen fistula. 
The values for it.p.n-. and total N of the rumen 
contents at intervals after the ingestion of a basal 


diet were compared with the corresponding values 
■ obtained when the diet included urea. Wegner et aL 
fomid that in general the crude protein content of 
the rumen ingesta was higher with added urea than 
it was on the basal diet alone, and that the 
of the ingesta fell to the basal level during the first 
few hours after a meal. They therefore suggested 
that urea utilization takes place in the rumen and 
that it occurs within 4-6 hr, after ingestion. An 
examination of the results, however, shows that 
such an interpretation is not necessarily correct, 
and that these workers have evidently encomitered 
those very difficulties which the present authors 
anticipated. Thus from their 1st experiment it can 
be calculated that on the basal diet alone the true 
protein of the rumen ingesta appeared to increase 
from 8*4% at 1 hr. after a meal to 11*3% 4 hr. 
later, a difference of 2*9%. This was accompanied 
by a decrease in n.p.n. equivalent to only 1*0% 
true protein. When, however, the diet included 
urea, the corresponding increase in true protein 
was only 0*9% (9*9-10*8%), and this was accom- 
panied by a decrease in n.p.n-. equivalent to 1*5% 
protein. There therefore appears to have been less 
synthesis of protein with urea than with the basal 
diet alone during the 5 hr. following the meal. 
Again, the value of 1 1*3 % for the true protein 5 iir. 
after the basal diet was fed, was actually slightly 
higher thaJn 10*8%, the corresponding va,lue when 
urea was included in the diet, a condition reversed 
4 hr. later without any significant change in Jsr.p.isr. 

In their 2nd experiment Wegner et ah [1941] fed 
a very abnormal basal diet consisting of 15 lb. corn 
silage and 31b. starch, following this by a period 
on the same basal diet with the addition of urea 
amoimting to 5 % of the di’y matter of the ration. 
They found that of several diets which they tested, 
this most unusual one, which must have contained 
only about 5 lb. dry matter, gave the most marked 
results. Their valuers show that on two of the days 
when the basal ration was fed alone, the crude 
protein content of the rumen ingesta increased by 
0*45 and 0*85% between either 1 or 2 and 8 hr. 
after the meal, but that on the only other day for 
which the corresponding values are available it de- 
cteased by 1*7%. No conclusion can be reached 
therefore as to whether the crude protein content 
of the rumen ingesta should be expected to rise or 
fall during the first 8 hr. after the ingestion of the 
basal diet. On the 2 days for which the corre- 
sponding valuep are given for the basal diet + urea, 
the crude protein decreased by 0*7 % between 2 
and 8 hr,, after feeding on the first day, and re- 
mained unchanged on the second. Even correcting 
the crude protein for NHj where possible (n.p.n'. 
values are not given), the maximum increase in 
protein following the ingestion of urea was only 
0*6 %. In relation to the changes occurring on the 
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basal ci,iet alone, the results do not support the view 
that urea is con\^'erted to protein in the rumen 
•during, the fii’st 8 hr. following a meal. 

The evidence upon which Wegner et al. [1941] 
■appear to place most confidence is that on the basal 
diet alone the crude protein content of the rumen 
ingesta varied from 8-9 to 10-6 %, whereas with the 
addition of urea to the diet this value became much 
higher and varied between 12*0 and 12*7 %. In all 
probability, however, these values might be due to 
tlie fact that when 100 g. urea w^ere added to the 
diet which supplied only 5 or 6 lb. dry matter per 
day, of which 3 lb. was starch, w^ater consumption 
and also salivation would be much increased. This 
would cause the starch and the more soluble matter 
in the corn silage to be washed from the rumen 
much more rapidly than in the absence of urea. 
The proportion, in the dry matter of the rumen 
ingesta, of fibre and of the less soluble protein 
enmeshed in it would thus be increased. 

These experiments of Wegner ciJ aZ. [1941] there- 
fore confirm the views held by the present authors 
tliat in vivo experiments of this cannot be 

expected to yield any certam evidence of pro- 


tein synthesis from urea imtil truly representative 
■samples of the total ingesta can be obtained and 
analysed, and until more is known of the effect of 
urea on the passage of the various dietary con- 
stituents through the rumen. 

^SUMMARY 

1. The relative merits of trichloroacetic acid, 
sodium timgstate with H 2 SO 4 , and alcohol have 
been compared as precipitants in the estimation 
of N.p.N. in rumen ingesta. 

2. A description is given of the methods finally 
adopted for the estimation of k.p.n., urea and ISTHa . 

3. The heterogeneous nature of the rumen con- 
tents is described and illustrated by analyses. 

4. The difficulties involved in the interpretation 
of the results obtained by in vivo experiments are 
discussed. 

5. Owing to these difficulties, the results of m 
vivo experiments of this type cannot be regarded 
as supplying evidence either for or against the 
theory that urea is converted to protein in the 
rumen. 
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In the previous paper of this series [Pearson & fistula, no urea could be detected in the rmnen 

Smitli, 1943] evidence was advanced to show that ingesta. In preliminary incubation experiments it 

the interpretation of experiments carried out in vivo was also found that 100 g. rumen contents were able 

on the utilization of n.p.k. by ruminants was so to convert some 100 mg. urea to NHg in 1 hr. It is 

difficult as to render the work of little value and probable therefore that any utilization of urea bv 

that more reliable results could probably be ob- ruminants involves the conversion of urea to NHg 

tained by in vitro methods. A plan of investigation as the first stage of the process. A detailed study 

was tlierefore prepared in which samples of rumen of this conversion has therefore been made, with 

ingesta v'ere to be incubated in the laboratory with particular reference to the effect upon it of various 

and without urea, and the N partition studied at factors such as temperature, pH, concentration of 

intervals througliout the incubation period. At the urea, nature of the gases present during incubation 

outset of tl ie woi*k it appeared that even when 40 g. and certain inhibitory substances. The present paper 

urea were fed per day to a steer with a rumen consists of a brief description of these experiments. 
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METHODS 

Samples of rumen contents were obtained as 
follows. 2“3 1 . semi-solid rumen contents were 
transferred with, an aiuminiiim cup by way of the 
fistula to a large flask contained in a bucket of 
sawdust to minimize heat losses. The sample was 
strained through muslin and the residue pressed by 
hand. The ‘filtrate ’ so obtained was rich in Protozoa 
and bacteria and was very similar to the rumen 
contents as a whole exceiDt that the small amount 
of solid vegetable matter which it contained was in 
a more finely divided form. The greater part of the 
solid ingesta of the rumen and reticulum is impreg- 
nated with this liquid which, in converting urea to 
bMHg and NHij to protein, probably behaves very 
similarly to the more solid ingesta. Since no 
sampling difficulties arise with this lic|uid it -was 
used throughout the present experiments and is 
referred to as the ‘rumen liquor’. 

Incubation of the rumen liquor was carried out 
in a water -bath thermostatically controlled at 39 '% 
the body temperature of the bovine. Throughout 
the greater part of the experimental period the diet 
of the steer from which the samples were obtained 
consisted of 14 lb, hay, 2f ,1b. oats, 2 lb. bran, 1 lb. 
starch, 0*7 lb. molasses and 40 g. urea per day with 
water ad lib. The methods of analysis have already 
been described [Pearson & Smith, 1943]. 

RESULTS 

- Influence of and incubation. One of 

the objects of the present experiments was to 
imitate as far as possible in the laboratory the 
conditions in the intact rumen. In the rumen there 
are large amounts of carbohydrates such as cellu- 
lose, starch, and their breakdown products, and 
the gas formed in the decomposition of some of 
these substances usually contains about 62 % CO 2 • 

A few experiments were therefore made to discover 
whether the nature of the gas and the presence or 
absence of starch affected the urea-splittiiig power 
of the rumen contents. Three 60O ml. aliquots from 
the same sample were incubated with 100 ml. of a 
solution containing 1 g. urea, 4 g. K 2 HPO 4 and 10 g. 
glucose. A constant stream of COg was passed 
^through the 1 st flask, air tlirough the 2 nd and Ng 
through the 3rd- Urea was estimated every 10 min. 
for 2 lu. The results illustrated in Fig. 1 show that 
the rate of urea conversion was much the same with 
all three gases. It appeared, however, in the final 
stages to be slightly more efficient with COg than 
with air or • 

In a 2nd experiment of this type with a much less 
acti\x^ rumen liquor, aliquots of the same sample 
were incubated with air and CO 2 , botli with and 
without starch. KH 2 PO 4 was present as a buffer ; 
but glucose was not included. The results shown in i 


Fig. 2 suggest that COg in the presence of starch 
accelerates the rate of conversion of urea slightly; 
otherwise no very significant differences wwe ob- 
served. 


Fig. 1, The conversion of urea in the presence 
of different gases. 


G- Air + sliirch 

^ Air, no starch 

■© CO;), no starch 

.» — «. CO2 + starch 


Fig. 2. The effect of CO 2 and starch on the 
rate of urea conversion. 

The effect of starch and phosphate was also 
tested by incubating them with two different 
samples of rumen contents in air under strictly 
comparable conditions. The results are recorded in 
Table 1. 

Table 1. Ammmiia-N produced from urea 
in 1 hr. at 39"^ 

(mg./lOOg.) 

Substances added Sample 1 Sample 2 

Urea alone 27-1 36*7 

Starch + urea 31-2 36*5 

Starch + urea -h phosphate 21*5 30*1 

Phosphate -f- urea — 30*1 


Starch appeared to have a slight accelerating 
action on the rate of urea conversion with the 1 st 
sample but no effect whate\ur witli the 2 nd, which 
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was the more a'Ctive of the two. Phosphate ob- 
viously had a retarding effect with both samples.,. 

Influence of tcnipemlurc. 5 nil. of a solution con- 
taining 3% KH2PO4 and 3% starch 'were placed 
in each of ten 200 ml. flasks which w'ere kept in 
•water !)aths at temperatures ranging from 4 to 89°. 
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Fig. 3. The effect of temperature on the rate of conversion 
of urea to ammonia by the rumen Hquor. 


Fig, 4. The effect of on the urease activity 
of the rumen contents. 

A 50 ml. aliquot from one sample of rumen contents 
was added to each flask aiid the contents of the 
flask were allowed 10 min. in which to reach the 
temperature of the surrounding bath. Exactly 5 ml. 
of a solution containing 1 g. urea-1^/ 100 ml. were 
then added to each flask, and the mixture was 
incubated for 2 hr. At 10-min. intervals a slow 
stream of CO2 was passed through the contents in 
each flask. At the end of the incubation, urea and 
NH3 were estimated. KH2PO4 was added in this 
instance to minimize any loss of ISTHg which might 
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it steadily decreases till at 79° there is almost com- 
plete inactivity. In two other incubations lasting 
1|- and 2 hr. respectively with entirely different 
samples of rumen liquor, in which no starch was 
present and through which no CO2 was passed, the 
' optimum temperature was again 49°. 

Injiumce of pH. The technique was sinliiar to 
that used in the above experiments but the tem- 
perature remained constant at 39° while the pH in 
the various flasks ranged from 3 to 11. Three series 
of incubations were carried out, one for 30 min., 
another for 1 hr. and a third for 1-| hr. It is probable 
that during the longer incubations, the salts in the 
buffer used to obtain a certain pH had a more 
marked effect in retarding urea conversion than the 
pH itself. This may be the cause of anomalous 
results (see Fig. 4), particularly on the acid side of 
neutrality. The urease activity of the rumen liquor 
appears to be very marked over quit© a large pH 
range. The optimum probably lies between 7 and 9 
and there is little activity below 3 or above 9*5. 

The pH of the material in the rumen probably 
varies slightly with a number of factors, but it is • 
rarely below 6*5, and only after a long fast does 
it approach 7*4. Acid products formed in the 
rumen are partially neutralized by the incoming 
saliva, but the buffering capacity of the rumen 
liquor itself is very high, particularly in view 
of the fact that its total content of solids is only 
2“3 % . This is illustrated by the fact that when 
5 ml. of approximately N HCl were added to 
50 ml. rumen liquor the pH was 4*7, whereas 
when 50 ml. of water were used instead of rimien 
liquor the corresponding value was 1*6. 

Influence of urea concentration. In some en- 
zymic reactions the concentration of the sub- 
strate has a marked effect on the enzyme 
activity. To ascertain whether the concentration 
of urea influenced the urea -converting activity 
of rumen liquor, various aliquots of the same 
sample of ingesta were incubated for 1 hr. with 
different amounts of urea and the liberated HITg 
was estimated. The NHg in the tungstate filtrate 
was not determined by distillation in steam, for with 
higher concentrations of urea small but significant 
amounts were converted to NHg during the actual 

Table 2. The amount of urea converted to ammonia 
in varying concentrations of urea 

(mg. N/lOOg.) 

30*8 50*0 116 216 414 


Urea-N in the 
rumen liquor 

NH 3 -N produced 
in 1 hr. 


17-9 19*2 20-1 20*6 22-2 


occw at the higher temperatures, pe results 808 1302 1646 3830 

(Fig. 3) show that urea conversion is insignificant rumen liquor 

at 4% but that it increases with increase in tern- nHj-N produced 24-8 25 1 25-4 25-1 

perature and reaches a maximum at 49°. Thereafter in 1 hr. 


Vo1.37 
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clistillation, ■ however accurately the filtrate was 
neutralized. Prolonged aeration at room tempera- 
ture in the presence of KgCOg was therefore adopted. 
The results recorded in Table 2 show that there 
was a slight increase in the conversion of urea with 
increased substrate concentration. The effect, how- 
ever, was not great. 

Tim influence of time of sampling. When urea- 
feeding is adopted the question arises whether it 
should be given twice a day with the other concen- 
trates or ingested at more frequent intervals. The 
following experiments were therefore made to see 
whether the urea -converting activity of the rxunen 
liquor varied throughout the day. 

A sample of rumen liquor removed 1 hr. after a 
meal was found to convert urea to ISTHg at the rate 
of 13 -4 mg. IST/lOO g. rumen liquor in 20 min. After 
a 16 hr. fast the corresponding value was 14*8 mg. 
There was therefore no significant difference. In a 
2nd test a sample taken 17 hr. after the previous 
meal converted 27*6 mg. urea-lST to ISTHg in 1 hr. A 
meal was then given and samples taken at 2-hourly 
intervals for 8 hr. During this time the conversion 
rate remained unchanged at 23*4-23*8 mg. N/lOO g. 
In a 3rd test the value 17 hr. after a meal was 
46*3 mg. urea-N/100 g,/hr. Samples taken during 
the next meal and subsequently at hourly intervals 
gave conversion rates which varied irregularly be- 
tween 35*4 and 52*3. If the weight of the rumen 
contents be estimated at 75 kg. these results mean 
that 40-80 g. of urea could be converted to NHg 
in the rumen in 1 hr. It therefore follows that 
during urea -feeding, when as much as 100 or 120 g. 
urea may be ingested in one day, it matters little 
so far as the irrea conversion to ISTHg is concerned 
whether this be given twice a day in two equal 
amoimts with other concentrates or at more fre- 
quent intervals. 

Rumen urease 


■ by Sumner, Gralen &; Eriksson -Quensel [1938] to be 
483,000 it is not surprising that in the present work 
no filter has been foinid which will allow the enz;yune 
to pass without the bacteria. 

An attempt was made to concentrate the luease 
activity, and to effect at least a partial separation 
of the enzyme from the bacteria, by centrifuging. 
2 1. of rumen contents were centrifuged for 5 min. 
at 1000 r.p.m. and 200 ml. of the top portions of 
the supernatant liquid collected. 200 ml. of the 
sludge at the bottom of the centrifuge cups, w^hich 
was extremely rich in Protozoa and bacteria, were 
also collected. The top layers, the sludge and also 
some of the original rumen contents which had been 
centrifuged and then remixed, were each incubated 
with about 260 mg. urea, and samples 'were analysed 
every 30 min. for 2| hr. The results shown in Fig. 5 


^ 120 


Pig. 5. The. rate of urea conversion in the rumen liquor 
compared with that in the top and bottom layers of the 
centrifuged rumen liquor. 


Since the constituents of the diet of the steer 
diuing these experiments showed only insignificant 
amounts of urease activity, and since there is no 
active enzyme sepretion into the rumen except the 
saliva, the rumen urease must be generated by some 
of the micro-organisms present in the paunch. From 
the amounts of urea which can be converted by the 
rumen liquor in 1 hr. or even in a few minutes at any 
time throughout the day, it may be assumed that 
the enzyme is generated in large amomits compared 
with the rate of gro'vvd}h of the bacteria producing it. 
Preliminary attempts were made to prepare a sterile 
but active filtrate of rumen liquor. The filtrate from 
Berkfeld filters was sterile but without urease ac- 
tivity. With urease extract from jack bean meal 
also Berkfeld filtration removed the greater part of 
the urease activity. Since the molecular weight of 
crystalline urease from soya beans has been found 


suggest that for the first hr. or, until some 40 mg. 
urea-hT had been converted to NHg , the rate of 
conversion in the lower layers was slightly less than 
in the rumen liquor, while in the top layers it was 
slightly greater. iVt the end of 1 and ll- hr. the 
increased rate in the top layers was still more 
apparent compared with that in the other tw^o. In 
other experiments in which very much less luea-N 
was present, and in which conversion was complete 
in 30-60 min., this difference was by no means clear. 
The less rapid rate in the rumen liquor and lower 
layers in the first experiment may have been due 
less to a smaller content of urease than to a greater 
concentration of inhibitory substances capable of 
reducing their urease activity, particularly after the 
first i hr. The results sho’wn in Fig. 5 therefore need 
not indicate a concentration of urease in tlie upper 
layers on centrifuging. 
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Toluene, wliicli is known , sometimes 'to destroy 
bacteria but to permit enzyme action, was foimd to 
be without effect on tlie urease activity of the rumen 
liquor, but here it is not certain whether the urea- 
con verting bacteria were completely destroyed by 
that treatment. Reference will be made to this in 
a subsequent paper. SO % alcohol extracts of the 
urease were inactive. 

Urease activity was also inhibited by small 
quantities of substances such as quinone and NaF. 
Quastel [1933] has shown that the activity of 
ordinary ui’ease preparations is readily inhibited by 
quinone, and that the inhibition can be prevented 
by thiol compounds such as HgS and cysteine. 
Samples of rumen liquor containing urea were 
therefore incubated for 1 hr, with varying amounts 
of quinone and with qmnone in the presence of HgS 
and cysteine (Tables 3 and 4). With one sample of 

Table 3. The inhibitory effect of quinone on rimien 
urease and its neutralization by H 2 S 

Urea-N converted to RH3 (mg.) 

Sample 1 Sample 2 


Quinone 

0/ 

/o 

Quinone 

Quinone 
+ H2S 

Quinone 

Quinone 

0*0 

7M 

71*4 

61*2 

58*6 

0-005 

26*8 

69*3 

13*1 

50-9 

0-0076 

14*2 

69*7 

2*4 

49*9 

0-01 

13*2 

68*2 

1*0 

33*5 

0-03 

5-0 

10*4 

— 



0-05 

3*0 

4*3 

— 

— 


Table 4. The influence of cysteine on the urease- 
inhibiting action of quinone 

O-Ol % quinone + 0*0 0-005 0-01 0*03 

cysteine (%) 

Urea-N converted to 1-6 25*2 64*4 67*5 

NH3 in 1 hr. (mg.) 

0-01 % quinone + 0*05 0*07 0*10 

cysteine (%) 

Urea-N converted to 64*4 66*1 62*6 

NH3 in 1 hr. (mg.) 

0*06 % cysteine in the absence of quinone gave a value 
63*5. 


■ Thus 0*05 % cysteine in rumen liquor reduced the 
rate of urea conversion from 47 to 43 m.g. N/lOO g. 
rumen liquor/lir. These results for urease activity of 
rumen licpior are similar to those of Quastel [1933] 
for urease from jack bean meal, and show that the 
enzymes from these two very different sources have 
much in common and may be identical. 


Fig. 6. The inhibition of urease activity in the 
rumen liquor bj^ sodium fluoride. 

* 

Mystkowski [1928] has shown that NaF is a 
powerful inhibitor of ordinary urease. This was 
found to be true also for the urease of the rumen. 
Aliquots of a sample of rumen liquor containing 
urea were incubated for 2 hr. with various concen- 
trations of NaF. At a concentration of 0*01 % the 
activity was reduced by about 50% and at 0*3% 
inhibition was complete (Fig. 6). This effect is due 
entirely to the fluoride radical, for in a control 
experiment with 0*5 % NaCl there was no inhibi- 
tion. A similar experiment was carried out with 
boric acid and borax (Table 5), 0*05% borax had 

Table 5. The inhibitioyi of urease activity by boric 
acid and borax. Urea conversion to NH^ 

(mg. N/lOOg.) 


rumen liquor concentrations of c^uinone as low as 
5 in 100,000 substantially reduced the urease ac- 
. At higher concentrations the degree of in- 
hibition increased and ultimately approached eom- 
pietion at 3 parts in 10,000. With sample 1 HgS 
neutralized the inhibitory action of quinone up to 
concentrations of 0*01 %. With sample 2 the neu- 
tralization of inhibition was marked but not quite 
complete. Cysteine at concentrations of 0*01 % or 
above also completely neutralized the inhibitory 
action of 0*01 % quinone (Table 4). Cysteine itself 
was found to have a very sligrht inhibitorv effect. 


Boric acid 

Boric acid 

Bon 

IX 

or borax 

r 

A ^ 

A„. 


0/ 

/o 

30 rain. 

60 min. 

' 30 min. 

60 min. 

None 

28*5 

46-8 

28-5 

46-8 , 

0*05 

21*7 

40-6 

28-3 

48-2 

0*10 

19*5 

36-5 

24-3 

43*3 

0*50 

11*7 

22-3 

13-0 

25-0 


With further samples of rumen liquor 1 and 2% boric 
acid and borax completely inhibited the urease activity. 


no inhibitory effect and may even have stimulated 
the urease action slightly. Above this concentration, 
however, the amount of urea conversion was dimin- 
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islied significantly. the lower concentrations 
inhibition with boric acid was greater than with 
borax. 

SUMMARY 

1. In the utilization of urea by dairy cattle the 
■first stage is probably the conversion of urea to 
NH3 in the rumen. Moreover, the urease activity 
of the rumen iiigesta is so great at all times of the 
day, whatever the, time of feeding, and remains so 
little affected by relatively large amounts of urea, 
that all the urea ever likely to be fed, even to a high 
yielding cow in full lactation, wmuld readily be 


■converted to. NHg within 1 hr. This fact has bee,ii 
confirmed by Wegner, Booth, Bohstedt & Hart 
[1941], who found a marked increase in n.p.ist. and 
NH3 in the rumen after a urea meal but were unable 
to detect urea itself. 

2. The urease of the rumen resembles, in ac- 
tivity, that from soya and jack beans. Changes in 
its activity with changes in temperature and 
and its behaviour in the presence of such inhibitors 
as quinone and NaF, are typical of enzymes of the 
urease type. Preliminary attempts to obtain en- 
zyrne preparations free from bacteria have, how- 
ever, proved misuccessful. 
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The Utilization of Urea in the Bovine Rumen. 3. The Synthesis and 
Breakdown of Protein in Rumen Ingesta 


By R. M. PEARSON and J. A. B. SMITH, Prom the Hannah Dairy Research Institute^ KirkhUlf Ayr 

{Received 14 October 1942) 


The urease activity of bovine rumen ingesta has 
been studied in detail by Pearson & Smith [19436] 
who show^ed that the urease activity of the rumen 
is sufficient to convert rapidly to NHg all the urea 
ever likely to be included in the diet as a partial 
substitute for protein. The utilization of urea by 
the ruminant probably takes place in two stages, 
first the conversion of urea to NH3 and second the 
conversion of NH3 to protein. The present section 
of the work was undertaken to investigate this 2nd 
stage. Incubations of rumen contents were to be 
carried out in vitro under a variety of different con- 
ditions with and without ui’ea, to obtain as much 
evidence as possible by chemical analysis either for 
or against the theory of protein synthesis in the 
rumen from non -protein N. Samples were to be 
taken for direct microbiological examination by 
Air Frank Baker [Baker, 1942 a, 6; 1943] and for 
plate counts by Dr C. Higginbottom to discover 
whether the j>rotein synthesis, if it occurred, were 
accompanied by an increase in the numbers of 
micro-organisms present. 

First, it had to be established by chemical means 
whether any protein synthesis could be detected, 
and if so, to wdiat extent it was affected by the 
presence of ordinary dietary constituents such as 


carbohydrates, proteins and amino -acids, as well as 
by substances which might be of a toxic nature. 
The present paper is confined to a description of 
this particular aspect of the work. 

METHODS 

The method of obtaining samples of rumen liquor 
and the incubation and analytical procedures have 
already been described [Pearson & Smith, 1943 a, 6]. 

Long -period incubations. It seemed possible that 
if any measurable change in N partition took place 
on incubating rumen contents w the changes 
would be more readily detected in fairly long incu- 
bations. Hence preliminary incubati ons with rumen 
contents were carried out, each lasting several days 
(Fig. 1). 900 ml. rumen liquor were incubated with 
2*5 g. urea, 12 g. K2HPO4, 10 g. glucose and 0-1 g. 
FeS04 for 8 days. Note that while the total N 
remained constant throughout, the n.p.n. varied 
considerably. For the first 3-4 days it changed very 
slightly, but between the 3rd and 7th days it greatly 
decreased. Assuming that the difference between 
total N and n.p.n. is protein N, an assumption 
which is discussed later, Fig. 1 shows that the 
amoimt of protein in the medium changed little at 
first, but that during the last 5 days it increased 
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they formed an appreciable part of the diet of the steer 
used. 100 g. faeces, 100 g. soil and finally 50 g. bran mixed 
with 50 g. oats were each 'suspended in 11. water containing 
urea, phosphate, glucose and FeS 04 in amounts similar to 
those added to the rumen contents (Fig. 1). With the faeces 
the apparent increase in protein was much greater than 
with the rumen contents, and the increase was rapid from 


substantially. The explanation may be that many 
micro-organisms in the rumen ingesta ceased to 
multiply on removal from the rumen and incuba- 
tion, but that after 3~~4 days the strains which had 
survived and for which the sta^gnant rumen con- 
tents were a suitable medium passed from a sta- 


Rumen contents 


Total nitrogen 


Total nitrogen 


Initial protein nitrogen 


Total nitrogen 


Total nitrogen 


Initial protein nitrogen 


Protein 


Initial protein nitrogen 


Days 

Fig. 1. The results obtained from, prolonged incubations of rumen contents and also from prolonged incubations of 
suspensions of faeces, feeding-stufi's and soil. The amount of protein synthesis with rumen contents and faeces can 
be found by comparing the initial protein nitrogen with the protein nitrogen observed at different times throughout 
the incubation period. (In order to make the diagrams as simple as possible NH^-N is not shown for rumen contents, 
feediiig-stulfs and faeces. In aU three instances after urea was converted to ammonia, the ISTHg-lST followed a course 
parallel to that of the n.p.x.) 

tionary phase to a phase of active growth in which 
rapid multiplication occurred. Several experiments 
of this type were performed with and without urea, 
and although the results varied in detail, the general 
trend of the curves obtained was always the same. 

To ascertain whether these changes in n.p.n. were asso- 
•ciated with the presence of micro-organisms in the rumen 
contents or were fortuitous changes inherent in the experi- 
mental procedure, Mr Frank Baker suggested that parallel 
experiments be done with bovine faeces, with soil sus- 
pensions and also with suspensions of bran and oats in 
which the bacterial content would be widely diffei'ent from 
that of rumen liquor. Bran and oats were chosen because 


the beginning of the incubation, whereas with the rumen 
contents there was an initial lag of 2-3 days. Tlie explana- 
tion may be that the bacteria present in the faeces in such 
large numbers consist of tyfies for which the stagnant faecal 
suspension is an ideal medium and that the faeces contain 
few, if any, of those types present in the rumen which die 
so readily when removed thence and which are very difficult 
to grow on the usual types of media. It is therefore not 
surprising that in these prolonged incubations there is an 
initial lag period with the rumen liquor but not with the 
faeces. . 

The soil suspensions were by no means sterile, for they 
brought about a marked conversion of urea to NHg and of 
NHs to nitrate (Fig. 1). jSTo change in N.P.H. could, however, 


UTILIZATION OF UREA BY RUMINANTS 


155 


be detected. Tlie reason is probably that the number of 
bacteria found in soil suspensions of this kind is so small 
compared with the numbers present in the faeces and rumen 
contents that they could multiply very greatly and utilize 
s'.p.N. without causing any measurable decrease in the 
F.p.iT. of the medium. These three types of experiment 
suggest therefore that the chemical changes denoting in- 
crease in protein when faeces and rumen ingesta are incu- 
bated may be associated with the micro-organisms they 
each contain. 

With bran and oats the results were more complex. 
Fermentation set in early and was accompanied by much 
frothing and a very foul smell. During the first 6 days 
fermentation resulted in a considerable decrease in the 
protein content (Fig. 1). After that, however, the protein 
increased again but never attained the original value. This 
increase at the later stages was possibly due to some strains , 
of bacteria passing from a stationary phase to a phase of 
more active growth. 

Short-'period incuhat/ions. Samples from the long- 
period incubations described above were examined 
microbiologically by Baker [1942 a, 6; 1943] who 
stated that even after 1 day’s incubation great 
changes had taken place in the microflora and 
fauna, so that the ‘microbiological picture’ at the 
end of 1 day bore little resemblance to that in the 
initial sample. Experiments were therefore carried 
out to determine how long samples of rumen con- 
tents could he incubated without detectable micro- 
biological change. Samples of rmnen ingesta from 
these experiments were examined by Mr Baker who 


to resemble closely those of the rumen, synthesis of 
protein appeared to occur to the extent of about 



Fig. 2. The results obtaiued in a typical short period 
incubation of rumen liquor. 

9 mg. IST/lOO g. rumen liquor. (5) There was a de- 
crease in isr.p.isr. accompanied by a parallel decrease 
in ammonia N, which suggests that the synthesized 


Table 1. Comparison between sodium tungstate and trichloroacetic acid methods of estimating N,P.N. 

mg. W/100 g. rumen contents 

Initial n.p.n. Final n.p.n. Synthesis 


Incuba- 

tion 

no. 

1 

2 

3 

4 


Tungstate 


Trichloro- 

acetic 

acid 

128-7 

119-4 

124-6 

119-8 


Difference 


Tungstate 

111-3 

107*8 

111-7 

106-6 


Final n.p.n. 

Trichloro- 

acetic 

acid 

119- 8 
116-4 

120- 3 
115-2 


Difference 


Tungstate 

8*8 
4*2 , 
3*3 
. 6-8 


Trichloro- 

acetic 

acid 

8-9 

3- 0 

4- 3 
4-6 


found no significant change during the first 2-4 hr. 
of iiicubation. In all subsequent work therefore 
incubation periods of 2-4 hr, were adopted, since 
it w§;S essential, if the work were' to have any 
practical bearing, that any protein synthesis de- 
tected should occur under conditions as similar as 
possible to those in the intact rumen (Fig. 2). 

Approximately 1500 ml, nmien liquor were incu- 
bated with 0*65 g. urea, 4*5 g. K 2 H^^ 4 > 

FeS 04 and 7*5 g. starch. The pH was controlled 
when necessary by the addition of a few drops of 
concentrated ISTagCOa solution. From Fig. 2 the^ 
following facts appear. (1) The total N" remained 
unchanged. (2) Urea was rapidly converted to 
NHg . (3) Relatively little n.p.n, was present except 
as urea or NHg . (4) During the first 3 hr. when the 
microbiological conditions in the medium appeared 


protein was produced from the ammonia N and not 
from the it.p.n. present in other forms. 

Table 2. Protein synthesis estimated by the 
tungstate and trichloroacetic acid methods 

Total N = 143-5 mg./iOO g, rumen liquor 

Tungstate method Trichloroacetic acid 


Time 

' " \ N.P.K. 


, N.P.N. 


min. 

(initial) 

Synthesis 

(initial) 

Syntlif 



(mg. N/lOO g. 

._A 

rumen liquor) 

Initial 

k-9 


107-8 

■ __ 

20 

93-7 

1-2 

105-9 

1-9 

80 

88-8 

61 

103-5 

4-3 

90 

88-1 

6-8 

100-6 

6-2 

100 

87-6 

7-3 

99-7 

8-1 

180 

87-4 

7-5 

98-0 

9-8 

290 

86-9 

8-0 

99-6 

8-2 
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This ainoimt of protein synthesis appears at first 
siglit to be very small. If, however, the contents of 
tlie riiineii be estimated conservatively at 75 kg., . 
this value of 9 mg. IST/lOO g. rumen contents in 3 hr. 
is equivalent to the. conversion of 54g. 'N to 337 g. 
protein ill 1 day. 54 g. N would be equivalent to 
some 25 % of the total protein requirements of a 
cow yielding 2-3 gallons of milk per day. 

Control experiments were carried out with bran 
and oats, faeces and soil but no change in n.p.n. 
was ever found during the first 3 hr. of incubation. 


rumen liquor with certain toxic substances such as 
NaF. In a typical experiment 2-4 1. rumen liquor 
were divided into 4 equal parts. One part was used 
as a control while to the other 3 parts NaF was so 
added that one contained 0*01%, another 0*1% 
and a third 1 %. To all 4 parts, 100 ml. solution 
containing 1 g. urea and 3 g. starch were added. 
These mixtures were then incubated for 4 hr. with 
a slow stream of CO 2 passing through them. 
Samples were removed for analysis initially and at 
the end of each hour (Fig. 3, A). In two other similar 




Time of incubation in hours 


' 0*2 0«4 0'6 0*8 I'O 

Concentration of NaF (%) 


Fig. 3. A, the amount of synthesis or hydrolysis observed with different concentrations of NaF compared with controls 
incubated in the absence of NaF (first NaF experiment). B, the amount of synthesis or hydrolysis observed after 
incubation for 4 hr. with different cohcentratious of NaF (second NaF experiment). 


The appa,rent synthesis observed with rumen con- 
tents seems therefore to be peculiar to the rumen 
ingesta. 

Synthesis of some protein has always been ob- 
served in normal incubations of this type, both with 
tungstate and the CCig.COOH procedme outlined 
in a previous paper [Pearson & Smith, 1943 a]. 
From Tables 1 and 2 it will be observed that 
CCI3.COOH gave values for ist.p.n". which were 
6-13 mg. higher than those obtained by acid sodium 
tungstate, but nevertheless the amount of protein 
synthesis estimated by the two methods w^as of the 
same order. 

Wlien the oeeurrence of a decrease in iNr,P.K. in 
such incubations had been repeatedly confirmed, 
the question arose whether this was due to protein 
synthesis or to some other cause. If synthesis were 
the explanation, questions arose as to whether it 
was indeed due to micro-organisms, and whether its 
magnitude was affected by the presence of carbo- 
hydrates, proteins and amino -acids. 

The microbiological nature of the synthesis 

Proof that the changes in N partition observed 
on incubation were biological in origin was first 
obtained. 

Influence of sodimn fluoride. The first method of 
approach was to study the effect of incubating 


experiments the concentrations of NaF were 0*003, 
0*006, 0*05, 0*3, 0*5 and 0*7 %. The data in Fig. 3 
show that protein S 3 mthesis was strongly inhibited 
by as little as 0*01 % NaF", and that with a concen- 
tration of 0*1%, protein sjmthesis was replaced by 
hydrolysis. With 1*0% hydrolysis was almost in- 
hibited in the fii*st instance and completely inhibited 
in the second. 

When two 500 ml. portions of the same rumen, 
liquor were incubated for 3 hr. with 1*8 g. starch 
and 0*3 g. urea, one containing 0*5% NaCI, the 
other 0*5% NaF, the results showed that 0*5% 
NaCl had no effect on the synthesis occurring in tlie 
3 hr., whereas with 0*5 % NaF (Fig. 3) hydrolysis 

Table 3. Protein synthesis in presence of NaPl 


Control 
mg. N/iOO g. 


0-5% NaCi 
mg. N/ 100 g. 



Total N 

N.P.N. 

Total N 

X.P.X 

Initially 

103-5 

33-0 

103-7 

33-4 

After 3 hr. 

103-3 

27-3 

103-4 

27-4 

Synthesis 

: 

5-7 


6-0 


■'predominated over synthesis. The action of the NaF 
was therefore a specific one associated with its 
recognized inhibitory action on enzymes and micro- 
organisms. 
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It appears therefore that the cha,nge during incu> 
batioii in the .difference between total N and n.p.n. 
is the resultant of two different processes, one syn- 
thetic, the other hydrolytic, and "that both are of 
microbiological origin. As the concentration of YaF 
increases, synthesis diminishes and becomes com- 
pletely masked by hydrolysis. When, how’-ever, the 
concentration of YaF increases above 0*2 or 0*3 % 
hydrolysis also wanes; ultimately, at a concentra- 
tion of 1-2% NaF, the rumen liquor becomes 
‘fixed’. 

Table 4. The effect of qiiinone on protein synthesis 



Synthesis ( + ) or 

Quinone 

hydrolysis ( - ) 

/o 

mg. NVIOO g. 

None 

+ 12*2 

0*001 

+ 8*5 

0*005 

-h 5*4 

0-01 

-h 5*r 

Oho 

- 6-4 

0-01 +H,S 

■f 10*5 

HgS -f water alone 

+ 10*9 


Table 5. The effect of boric acid and borax 
on protein synthesis 

Synthesis 

mg. N/IGO g. rumen liquor 


Cone, of 
boric acid 
or borax 

Sample 1 

A. 

r ^ 

Boric 

Sample 2 

Boric 

Sample 3 

0 / 

/o 

acid 

Borax 

acid 

Borax 

Control 

9*1 

9*1 

5*9 

14*0 

0*01 

— 


5*8 

10*2 

0*03 

— ■■ 

— , 

3*0 

■ ^ 

0*05 

3*6 

2*2 


_ 

0*06 

— 

— 

4*2 

— . 

0*10 

1*4 

1*6 

3*2 

4*7 

0*30 



-0*2**' 

0*9 

0*50 

0*5 

0*2 

— 

— 

1*00 



— 

0*0 

-.30* 

2-00 


Hydrolysis. 

— 

-4*4* 


Influence of quinone. A similar experiment was 
made with quinone alone and with quinone in the 
presence of HgS (Table 4). Synthesis was markedly 
diminished in the presence of even 0* 005 % quinone, 
and at a concentration of 0*05 % hydrolysis pre- 
dominated. In the presence of HgS the quinone 
appeared to lose its toxic properties. This agrees 
wdth the behaviour of quinone in the presence of 
thiol compounds previously recorded for soya bean 
urease by Quastel [1933], and also observed with 
rumen-urease activity by Pearson & Smith [19436]. 

Influence of boric acid. Two experiments similar 
to those with NaF and quinone were performed, 
one with boric acid and the other wdth borax. 
Table 5 shows that synthesis was again greatly 
diminished and that with the two highest concen- 
trations of borax hydrolysis predominated. 


Influence of tempefat/ure. Ail the txbove experi- 
ments suggested that tl'ie observed protein synthesis 
w^as the result of biological processes. If so, changes 
in temperatme might also be expected to affect the 
magnitude of the synthesis. Different portions of 
the same sample of rumen liquor were tlierefore 
incubated with urea and starch for 1 1 hr. at tem- 
peratures varying betwneii 0 and 90°. Fig. 4 show^s 



0 20 40 60 80 


Temperature of incubation C.) 

Fig. 4. The amount of synthesis or hydrolysis obtained 
by incubating rumen liquor for 1-|- hours at different 
temperatures. 

that at temperatures below 16° little change oc- 
curred, but that at 30 and 40° the usual amount 
of protein s;^mthesis took place. When, however, 
the incubation temperature was 50° hydrolysis 
predominated. Hydrolysis attained a maximum at 
about 60° and was almost entirely inhibited at 90°. 
From 40 to 90° the curve is very similar indeed to 
that obtained with increasing concentrations of NaF 
(Fig. 3), except that hydrolysis in the absence of 
NaF attained a greater magnitude at 60° than was 
observed with any concentration of NaF at 39°. 
This difference may be due to the use of different 
samples of rumen contents in the two instances. 
However, the higher temperatures (up to 50 or 60°) 
may greatly inhibit synthesis but may actually 
increase the hydrolytic processes, whereas NaF 
tends to inhibit both, the more sensitive synthetic 
process disappearing first. 

Influence of toluene, Pearson & Smith [19436] 
have shown that toluene has no effect on the^urease 
activity of the rumen liquor. A test was therefore 
carried out to see whether synthesis is affected by 
this substance. Two 500 ml. portions of the same 
sample of rumen liquor were incubated with starch 
and urea for 3 hr. To one sample were added 50 ml. 
toluene. The control gave a synthesis of 7*4 mg. 
N/lOO g. rumen liquor, whereas with toluene hydro- 
lysis occurred amounting to 13*7 mg. N/lOO g. This 
again showshow readily synthesis can be diminished, 
allowing hydrolysis to predominate. The mease 
activity in this instance remained unaffected. 

Effect of filtration. Rumen liquor was filtered 
through a Chamberland filter type ‘F’. The clear 
filtrate was then incubated in the presence of 0*4 % 
starch and approximately 0*5% NH 4 HCO 3 . Since 
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■ Pearson- & Smith [19436] liarl already shown that 
.a.filtmte.of this type possessed no iirease activity, 

■ the N was, adder! in the form of HH^HCOs and not 
.as urea. ' In the absence o,f urease activity noted in 

,.:previons work .it w,as not surprising that neither 
: synthesis' nor hydrolysis was detected in this ex- 
periment, w,hich again suggests that the synthetic 
and hydrolytic processes consistently observed in 
these incubations are to be associated with the 


micro-organisms of the rumen. 

The' effect of fractionation by centrifuge. On al- 
lowing the rumen liquor to stand for even a very 
short time, the Protozoa and the larger bacteria 
tend to sediment. On centrifuging for 5 min. at 
1000r.p.m, this tendency is very marked indeed. 
The bottom layer consists of a sludge rich in Pro- 
tozoa and large bacteria which stain blue with 
iodme [Baker, 1942 a, 6; 1943]. An experiment was 
therefore carried out to see whether the amount of 
j synthesis was greater or less in the top and bottom 

" fractions of the rumen liquor than in the sample of 
rumen liquor as a whole. At the same time the 
) effect of keeping the rumen liquor and its fractions 

I at approximately 0° for 24 hr. before incubation, 

was studied. A 31. sample of rumen liquor was 
centrifuged in 250 ml. cups for 5 min. at 1000 r.p.m. 

1 I “ The contents of two of the cups were then 

thoroughly remixed by shaking. One portioh of the 
remixed ingesta was incubated with I g. starch and 
0*5 g. urea as the control. The other was first kept 
in the refrigerator for 24 hr. and then treated in the 
same way. 50 ml. of the liquor at the top and 
50 mi. of the sludge at the bottom were then re- 
moved from each of the ten remaining centrifuge 
cups. The top fractions were mixed together and 
half of the sample incubated immediately with 
starch and urea, the other half being placed in the 
refrigerator for 24 hr. before incubation. The bottom 
I fractions were similarly treated. From the results 

I in Table 6 two main facts emerge. First, that 


Table 6. Protein synthesis with two fractions of 
rmnen liquor separated by centrifuging 



Synthesis ( + ) or 
hydrolj^sis ( -) 
mg. N/iOO g. 

- K.. 

r \ 

Imme- After 24 hr, 
diately at 0° 

Rumen liquor 

-^IM 

+ 2*8 

Top fraction 

+ 14*7 

+5*0 

Bottom fraction 

+ 7*2 

-2*5 

Arithmetical mean of top 
and bottom fractions 

+ 10*9 

+ 1*3 


holding the rumen contents at 0° for 24 hr. greatly 
reduces the amount of synthesis not only in the 
total rumen liquor but also in the top and bottom 
fractions — a fact which again suggests that this 
synthesis is associated with certain of the micro- 


organisms present in t,he rumen which are readily 
inactivated. Secondly, that on dividing the rumen 
liquor into 2 fractions by centrifuging, the top 
portions show very much greater amounts of syn- 
thesis than the bottom portions, whether the various 
liquors are incubated immediately or after 24 hr. 
at 0°. The possible significance of this finding is 
discussed later. 

From all these experiments it appears that when 
rumen liquor is incubated with starch and urea at 
39° the N metabolism of the system involves both 
synthetic and hydrolytic processes which probably 
proceed simultaneously. These processes are micro- 
biological in origin and the equilibrium between 
them is very readily changed, so that either syn- 
thesis or hydrolysis predominates according to the 
conditions during the incubation. This last point is 
of great importance in connexion with urea utiliza- 
tion, for if the processes in the rumen at any time 
are predominantly hydrolytic with ISTHg as the end- 
product, the utilization, if any, must be due to 
processes other than the conversion of these sub- 
stances to protein in the paunch. Factors which 
might be expected to infiuence the magnitude of 
the synthesis and its predominance over hydrolysis 
were therefore investigated next. 

Influence of pH. The pH of the rumen ingesta 
varies slightly from time to time but it is rarely 
below 6- 3 or above 7*4. In many of the incubations 
carried out dming this work pH determinations 
have been made, and the values have usually been 
between 6*3 and 7*4, even after incubation for 
3-4 hr. at 39°. No correlation was found between 
the pH during incubation and the amount of pro- 
tein synthesis, provided the pH lies roughly between 
the above limits. Thus three samples of the same 
rumen liquor were incubated for SJ hr. with 4 g. 
RgHPO^ij 0-1 g. FeSO^, 5 g. glucose, 5 g. starch 
and approximately 1 g. urea/L, COg being passed 
through each flask throughout the incubation 
period. In the case of the 1st sample (M) the pH 
was measured at frequent intervals and adjusted 
by adding the correct amount of a saturated solu- 
tion of Nag^Og. To the 2nd sample (N) the same 
amount of NagCOg was added at the same times as 
to M, without previously removing samples to 
measure the pH. To the 3rd sample (P) 10 g. 
powdered CaCOg, /I. were added initially. Fig. 5 
shows that the pH in the first two samples was fairly 
close to the figizre of 7*2 throughout, whereas in the 
3rd sample the initial value of 7*2 decreased during 
the incubation to 6*3. Solid CaCOg is therefore of 
little value in maintaining the initial pH. The 
amount of sjmthesis in M could not be measured 
accurately since so many samples were removed to 
measure the pPI before and after adjustment, but 
the results for N and P show that the amount of 
synthesis when the pH remained constant did not 
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differ significantly from the amount observed when 
the fell .from 7*2 to 6*3. 

Ill the previous papers of this series the great 
buffering power of the rumen liquor is discussed. 
In view of this it seemed umiecessary to study the 
effect on synthesis of hydi*ogen-ioii concentrations 
outside the normal range of 7-4 to 6*3, particularly 



Fig. 5. The amount of synthesis obtained when the is 
kept constant at 7*2 compared with that obtained when 
the pH is allowed to decrease from 7*2 to 6 - 3 . 

as it was found that synthesis may be affected as 
much by the type of buffer employed to obtain the 
pH as by the pH itself. That synthesis can be 
markedly affected, however, by an abnormally high 
pH is shown in the experiments which follow, in 
which incubations were carried out in the presence 
of different gases. 

Influence o} The composition of the gas 

in the rumen varies slightly from time to time, but 
typical analytical figures such as those found by 


Olson [1940] are; GOa 62%, CH^ 15%, N^ 
and Og 1 % . In view of the great preponderance 
of CO 2 and the low concentration of U 2 ' in these 
gases, experiments were carried out to find whether 
the nature of the gas passing through the medium 
had any influence on the amount of synthesis. One 
sample of rumen liquor was divided into 6 portions. 
Three of these were incubated for 3 hr. with 3 g, of 
starch and 800 mg. urea-N/l. while the other 3 were 
incubated with starch only. There were thus 3 pairs 
of samples, one in each pair containing added urea 
and the other containing no ui’ea. A slow stream 
of CO 2 was passed through the 1st pair, Ng through 
the 2nd and air through the 3rd. From the results 
in Table 7 the followmg points emerge. ( 1 ) AVithout 
added urea, protein synthesis in the presence of CO 2 
was so little greater than that with N 2 and air that 
it is doubtful if it w-as significant, (2) When ap- 
proximately 800 rng. urea-N/l. w^ere present, protein 
synthesis in the presence of COg was substantial, 
but with Ng and air hydrolysis predominated. 
(3) Hydrolysis occurred with Ng and air perhaps 
because wfith these twm gases the pH increased 
during the incubations to 8*7, whereas with COg 
it remained between 6*8 and 6*6. To see whether 
this predominance of hydrolysis was due to the 
natm’e of the gases or to the change in pH, a 
second experiment was carried out in which the 
amoxmt of urea-N added to 3 of the 6 flasks was 
only 150 mg./i. In this instance the pH of the Ng 
and air samples did not exceed the initial value of 
6*9. From Exp. 2 (Table 7) the following conclu- 
sions may be drawn. (1) In the absence of added 
N.P.N. synthesis in air and inNg was not significantly 
less than that obtained with COg. (2) With an 
amount of urea insufficient to cause an appreciable 
change in pH when the urea was converted to NHg, 
CO 2 and Ng gave very sirnilar amounts of synthesis. 
But with air there was significantly less. It is clear 
ff'om these two experiments that the hydrolysis in 
air and in Ng in Exp. 1 was due to the rise of pH 
and not primarily to the gases themselves. From 
many simfiar experiments the authors concluded 


Table 7. Effect of different gases on protein synthesis 


Exp. 1 Exp. 2 





Synthesis ( + ) or 

t ■ ; 

K. ,, 




hydrolysis ( “• ) 


Synthesis ( + ) 



pH 

mg. JST/lOO g. 

pH 

mg. N/lOO g. 

Without added urea 

COg 

6*8-5 A 

-f 3*9 

6*9-5’9 

j. 4.9 


Ng 

6*8-6*3 

4- 2*1 

6*9-6*3 

-f4*6 


Air 

6 * 8 - 6*6 

- + 2*1 

6*9-6*2 

4-4*7' 

80 mg. urea N/lOO g. rumen 

COg' 

6 * 8 - 6*6 

+ 14*0 

6-9-6-1 

4-7*9 

liquor in Exp. 1 and 15 mg. 

N, 

6*8~8*7* 

- 9*2 

6*9-6*6 

4- 8*2 

in Exp. 2 

. Air 

6*8-8*7* 

- 4*2 

, 6*9-6*8 

4-5*4 

i^o urea; 0-1 g. KgHP 04/100 g. 

COg 

— . ■ 


7-1-6-1 

+ 5*0 


* At pH 8-7 ISiHg escapes from the medium during the incubation. In estimating the amount of hydrolysis the loss 
in total nitrogen is therefore allowed for. / 
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that the greatest synthesis was always obtained 
wlien CO 2 wa.s passed slowly through the medium, 
CTjg I'saving the advantage over Ng that in the 
presence of reasonably small amoxmts of urea or 
XH'jHROjj it prevented an imfavourable increase 
in pH. 

Ill Exp. 2 (Table 7) the pH of the sample incu- 
bated with GO 2 with no added urea decreased from 
6*9 to 5-9. Hence protein synthesis might have 
been significantly greater than 4*9 mg. N/lOO g. had 
the pH not diminished so far. A 7th incubation 
was therefore carried out simultaneously in which 
tM g. K 2 HPO 4 /IOO g. rumen contents wus present. 
The pH in this instance diminished only to 6 * 1 but 
protein synthesis remained imchanged. 

Ififiueme of dietary factors on the tdilization 
of no7i-protein nitrogen 

NH^HCO^ and {NHf} 2 S 0 ^ as urea substitutes. 
Because urea is now indispensable to many indus-^ 
tries it is less readily available as an animal feeding- 


about 25 mg. N/lOO g. of rumen contents, even 
immediately after feeding. It is doubtful, therefore, 
if thex'e would be any detectable difference in the 
efficiency of the utilization of these three different 
forms of N. On the basis of the present results, 
how^ever, preference should be given to urea or 
NH4HCO3. 

Influence of urea concentration. In order to see 
whether urea concentration had. much effect on the 
amomit of protein synthesis a series of incubations 
w^as carried o ut in w^hich T large sample of rumen 
liquor was divided into 7 equal portions and 
different amounts of urea added to each. Incuba- 
tion lasted 3 hr. in a slow current of CO 2 ; 3 g. 
starch were added, per 1. rumen liquor. Table 9 
shows that imder these conditions the maximum 
amormt of synthesis is obtained when the added 
urea-N amounts to 75 or lOOmg./lOO g. Below^ 
and above these concentrations the amount of 
synthesis was significantly less. Since urea is so 
rapidly converted to NH 3 in the rumen liquor^ 
these results should be equally true for NH4HCO3 . 


Table 8 . Protein synthesis with urea^ NH^HCO^ and {NH^) 2 S 04 ^'^ 




Exp. 1 

A 



Exp. 2, 

, A 



c 

N.P.N. 

Protein 


f 

X.P.X. 

Protein 



added 

synthesized 


added 

synthesized 


Supplement 

(mg.N/lOOg.) 

i (mg. N/lOO g.) 

pH 

(mg.N/lOOg.) 

(mg.H/lOOg.) 

pH 



— f 

4-0 

6-7-5-7 

— t 

1-3 

6-5-5-6 

Urea 

100 

11*5 

6-7-6-8 

16 

5-1 

6-5-5-9 

NH4HCO3 

80 

11-3 

7*2--6-7 

15 

■ ■ 5-4 

6-5-5*6 

(:nh4)2S04 

85 

6*3 

6*5-5-8 

15 

4-5 

6*5~-5-9 

* Analar. 

t N.p.N. of rumen contents 

with no addition 

was initially 11-4 

in Exp. 1 and 6-9 

in Exp. 2. 


stuff. NH4HCO3 and (NH4)2S04 are more plentiful 
and more readily prepared on a large scale. Incu- 
bations w^ere therefore carried out to see whether 
with these substances protein sjmthesis equalled 
that obtained with urea. 3 g. starch were present 
per 1 . rumen liquor in every instance, and a slow 
strealn of 00 2 was passed through all the flasks. 
Incubation lasted 2 hr. IVo series of experiments 
were made. In one the amount of n.p.n. added in , 
the different forms was 90-100mg./100g., in another 
it was about 15 mg./lOO g. It can be seen from the 
results (Table 8 ), first, that the amount of synthesis 
with these particular samples of rumen liquor was 
increased by the addition of k.p.k. and secondly, 
with NH4HCO3 it was equal to that with urea and 
greater than that with (|SFH 4 ) 3 S 04 . It is not clear 
why sulphate should be less efficient than bicar- 
bonate in promoting protein synthesis. This differ- 
ence was, hoAvever, only significant in the first , 
instance when a relatively large amount of sul- 
phate was added, but in practice the qua-ntity of 
(NH 4 ) 2 S 04 fed to a lactating cow to replace a 
portion of the dietary protein would be equivalent, 
if given in two equal portions per day, to only 


It early became clear that the utilization of 
N.p.N'. by the ruminant may depend on the nature 
of the diet as a w'hole, and particularly on whetl ier 
the entire ration is correctly balanced. If adding 


Table 9. Influence of concentration of urea 
on protein synthesis 


Urea added 
(mg. K/lOOg.) 

Synthesis 
mg. H/lOO g. 

Final p H* 

— 

' 5-2 ■ 

5-7 

50 

7-8 

6*2 

75 

lh3 

6-4 

100 

11-2 

6-6 

150 

6-4 

7-1 , 

400 

6*7 

7-6 ' . 

650 

2-0 

. 7*8 ■ 


* The initial pH in this instance was 6-2 throughout. 


urea upsets the proper proportions of protein and 
potential protein to carbohydrate, the urea itself 
may not be efficiently utilized. This may explain 
some of the conflicting results cited in Krebs’s [1937] 
review and. which have been obtained from time to 
time during the past 40 years in experiments in 
which N.p.N. has been added to the diet of rumi- 
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B,ants. Presumably the greatest efficiency of urea 
as a partial protein substitute would be shown when 
the dietary" protein ecj[uivalent wa^ Ioav compared 
with "the starch equivalent. In' such a diet starch 
itself would probably be present in relatively large 
amounts. The effect of different concentrations of 
starch and also of different carbohydrates on the 
amount of protein synthesis observed in the in vitro 
incubations was therefore studied. The results were 
of such interest that a further series of experiments 
was made in which the effect of different proteins 
and amino -acids was studied. 



Time of incubation (hr.) 

Fig. 6. The synthesis obtained by incubating rumen liquor 
in the presence of 0*3% starch compared with the 
hydrolysis obtained when starch is replaced by glycerol 
of the same concentration. 

Influence of concentration and nature of carbo- 
hydrates. . Preliminary tests showed that when 3 g. 
starch/l. were added to the rumen liquor the amount 
of synthesis was always greater than when rumen 
liquor was incubated alone. Moreover, when starch 


was replaced by glycerol synthesis was very re- 
stricted in amount and was sometimes replaced by 
"hydrolysis. Typical results for an experiment in 
wdiich two samples of the same rumen liquor were 
incubated, one with starch and one with glycerol 
(both 3*6 g./l.) are shown in Fig. 6. 2*4 g./L' urea 
were present and GO 2 was passed through the 
samples during incubation. Whereas with starch 
protein synthesis was equivalent to 7*4 mg. N/lOO g., 
glycerol was responsible for hydrolysis amounting 
to 3*5 mg. N/lOO g. Four separate portions of 
the same rumen liquor were therefore incubated 
at one time with different carbohydrates (Exp. 1, 
Table 10). One contained 3 g. starch/l. , the 2nd 
3 g’/L galactose, the 3rd sucrose and the 4th mal- 
tose. Similar comparisons of the Influence of starch 
with that of other carbohydrates were also made. 
Thus the protein synthesis obtained in, every in- 
stance could be related to that obtained with starch. 
Only the average amounts of synthesis in this first 
experiment are shown in Table 10, as the average 
values are so typical of ail the results that there is 
no necessity to quote the individual values. But 
for Exps. 2-4 (Table 10) in which 7 incubations 
were carried out at one time, the individual results 
are quoted. In all these experiments no urea was 
included in the diet of the steer, and since in Exp. 1 
(Table 10) none was added to the rumen liquor, 
the initial n.p.n. was very low, 4-10 mg. N/lOOg. 
In Exps. 2-4, however, the.N.P.N. was much higher, 
due to the addition of about 100. mg. urea-iST/lOO g. 
rumen liquor in each incubation. Presumably the 
greater amount of synthesis in the three latter 
experiments was due to this. The results, which 
confirm the fact that synthesis and hydrolysis are 
progressing simultaneously, but that synthesis pre- 
dominates under certain conditions, lead to the 
following conclusions. (1) That the amount of 
■synthesis depends to some extent on the starch. 


Table 10. Protein synthesis in presence of carhohydrates 
Exp." 1 



Wt. 

Average 
synthesis ( -f 

) or No. of 


Synthesis, 
(mg. N/lOOg.) 



Carl:>ohydrate 

added 

hydrolysis/ 

- ) deter- 

^ 


■■■ 

Final 

g./L 

mg. K/lOO 

g.' ", minations. 

, Exp,. 2 

Exp. 3 

Exp. 4 : 

pm 

Starch 

10 

■ ' +3*7 . 




. . 13*7'' ' . 

7*0 


■■■7 :■ 

+ 3*5 

. ' 2 ' '■ 


. 

13*3 ■ ■ 

6*9 


3 

. pm 


' 13*7 

,14*1 

10*9 ", 

6*9 

" ■ ' 

1 

+ 1*9 

■ '2".: ■: 

„ ■ 

. — 

5*7 

6*9 


0*5 

-1*9 

2 ' ■ 




4*5 

6*6 

No addition 

. ■_ ■; 

'■"'-3*3 ■■ 

6 . 


' 0*2 


6*4 

Galactose 

3 

+ 3*5 

5 

10*5 

10*5 


Sucrose 

,3 

~rL3 

■ 5 " '■■■ 

9-6 


_ 


Maltose 

3 

■■f 3*7 

■^■4 

9*4 

9*3 



Lactose 

3 

+2*7' 

3 

3*2 




Glucose 

3 

r 1 -6 

■ ■■■■ 4 

3*5 

3*4 

0*1 



Dextrin . 

3 


. 5 




Glycerol 

3 

- 0-4 

(5 






Lactic acid 

3 

- 2-0 3 

The initial pH was 7 

— 1*6 
•0 in all incubations. 

■ — ■ ' ■ 

— 



T-9Ai 
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concoiitration, e.g. in the absence of starch ah 
hydrolysis of 2-0 mg. N/lOOg. was observed, but 
in its presence sjmthesis predominated. In. Exp. 4 
protein s 3 mtliesis attained a maximum at a starch 
concentration of 7 or 10,g./L On the average, 
however, the synthesis with 7 and 10 g. starch/l. 
rarely exceeded that obtained with 3 g./L Below 
3 g./l. synthesis decreased significantly. (2) That 
the amount of synthesis depends on the nature of 
the carbohydrate added, being always greatest with 
starch, galactose and maltose; dextrin, glucose, 
glycerol and lactic acid being all relatively poor 
stimulants. (3) That with all these substances 
protein syntliesis was much greater with, than 
without, mea. 

Influence of amino-acids and proteins. In this 
section only preliminary experiments have been 
completed. The results are therefore presented 
tentatively. Rumen liquor was incubated with 
various amino-acids and proteins. In all instances 
3 g. stareh/1. were present and OOg was passed 
fchrough the medium. The period of incubation was 
3 hr. The data for Exp. 1 (Tahie 11) show that 
arginine was particularly active in promoting syn- 
thesis, whereas tyrosine had little, if any, effect. 

Table 11. Protein synthesis or hydrolysis 
in presence of amino -acids 

Synthesis 

mg. N/lOO g. rumen liquor 

^ ,K 

No. of exp. ... I 2 3 

No addition 4*2 3*8 2-3 

Glycine 6-0 — — 

Alanine — 4*3 — 

Valine — 3-5 5-G 

Leucine 8-9 — — 

Lysine — 1-0 4*6 

Histidine 7-9 1*8 ■ — 

Arginine 13*2 ' — 

Tyrosine 5*5 — __ 

Table 12. Protein synthesis or hydrolysis 
in presence of leucine and asparagine 


Asparagine 


0-47 +0-5 urea 
0-5 urea alone 


Syn- 


Syn- 

thesis ( -f ) 


thesis ( -1- ) 

or hydro- 


or hydro- 

lysis ( - ) 

Added 

lysis (-) 

mg. N/lOO g. 

% 

mg. N/lOO g. 

4-2-7 

None 

-f4-8 

-0-7 

0-62 


-20 

1-25 

-4-5 

-0-7 

-1-6-6 

2-5 

-1-2 

H-3-0 




far this is due to arginase activity in the rumen 
will be investigated in future work. Histidine and 
leucine were effective but much less so than arginine. 


These results, however, we,re not confirmed in the 
two subsequent experiments. Thus histidine ap- 
peared to cause a decrease in protein synthesis 
(Table 11) and leucine actually brought- about 
hydrolysis unless urea was present with the amino - 
acid (Table 12). The explanation is not at present 
clear. Perhaps some amino-acids only promote 
synthesis in certain samples of rumen liquor or 
when certain other non -protein nitrogenous con- 
stituents are present. Fiutlier work may clear this 
up. Table 12 shows that asparagine causes hydro- 
lysis rather than synthesis. 

Table 13. Protein synthesis or hydrolysis in 
presence of protein or substances rich in protein 


Protein added 


Synthesis ( + ) or ■ 
hydrolysis ( - ) 
mg. N/lOO g. rumen liquor 


0/ 

/o 


Sample 1 

Sample 2 

None 

: — 

-f5-0 

-f,4-0 

Blood meal 

0-1 

+ 5-2 


Egg white 

Si< 

4- 1-0 


Casein 

O-I 

-6-4 

. ■ — ■ 

Gelatine 

0-2 

— 

-12-5 

Gelatine 

0-5 

— , 

- 27-2 

Gelatine 

1-0 

— 

-47-0 


Equivalent to about 0-1 % albumen. 

Ill two other experiments with casein in which different 
samples of rumen contents were used, hydrolysis was 3-5 
and 31-3 mg. N/lOO g. compared with synthesis of 7-7 and 
10-4 mg. N/lOO g. respectively in the controls. 

The results of preliminary experiments with four 
proteins are recorded in Table 13. With blood meal 
the amount of synthesis was the same as that in ’ 
the absence of added protein i Fresh uncoaguiated 
egg white gave a much reduced synthesis, whereas 
with soluble casein, prepared freshly from milk, 
hydrolysis predominated. Hydrolysis also pre- 
vailed when gelatine was present and increased 
with increasing amounts of this protein. 


DISCUSSION 

The object of this work has been to find whether 
there is any evidence for the conversion of n.:p.n\ 
to protein in the rumen ingesta of the ox. It has 
been shown that when the rumen ingesta are incu- 
bated in vitro the total n.p.n. usually diminishes 
during the first 3 hr. and that the decrease is caused 
entirely by a fall in the ammonia -N fraction of the 
'N.P.K. It has not yet been proved that this decrease 
in ammonia-N actually denotes a synthesis of pro- 
tein, but a decrease in n,p. 2 st. with no change in the 
total N is usually regarded as evidence of protein 
synthesis. It has been shown that this supposed 
synthesis is characteristic of rumen contents but 
not of incubations with faeces, soil or feeding-stuffs, 
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and that it occurs in vitro during the first few hours 
of incubation when, .as shoxwi by Baker [1942 a, 6; 
1943], the microbiology of the medium closely 
rese,mbles that of fresh rumen contents. 

That this synthesis is microbiological in origin 
lias been shown by incubations with various toxic 
substances such as NaF, quinone and boric acid in 
minute amounts which caused a decrease in synthesis 
which changed to hydrolysis as the concentration 
of the inhibitor increased ; with the highest concen- 
trations both synthesis and hydrolysis were inhibited. 
This indicates that in the rumen synthesis and 
hydrolysis of protein' prpceed simultaneously, and 
that either one or the other may predominate ac- 
cording to the conditions. Abundance of starch, for 
example, favours synthesis, whereas its equivalent 
of glucose, glycerol or lactic acid does not. Some 
substances, e.g. lactic acid and gelatine, may even 
promote conditions in which hydrolysis predomi- 
nates. In such instances, however, hydrolysis is 
not accompanied by destruction of the urease 
activity of the rumen iiigesta. This occurs only 
when h37(irolysis predominates o wing to the presence 
of small concentrations of toxic substances such as 
NaF, quuione or boric acid. 

While the present work was in the early stages 
Wegner et al, [1940] demonstrated the conversion 
of inorganic IST to protein by inoculating appro- 
priate media with micro-organisms from the cow’s 
rumen. But we have studied this problem not by 
the inoculation of media in which conditions may 
differ markedly from those in the rumen but by 
incubating the rumen liquor itself under conditions 
as similar as possible to those in the rumen. This 
lyas done originally because many of the micro- 
organisms most characteristic of the rumen do not 
survive in other media, and it seemed possible that 
these less viable organisms might be concerned in 
the utilization of n.f.n. Thus it was observed that 
on incubating rumen ingesta synthesis of protein 
appears to be accompanied by protein breakdown. 
Hence, it is clear that the problem of n.p.n. utiliza- 
tion by ruminants can ultimately be solved only 
when the different factors influencing these two 
processes have been studied. The centrifuging ex- 
periments (p. 158) strongly suggest that protein 
decomposition is associated particularly with the 
hea\der micro-organisms which sediment rapidly, 

i.e. synthesis greatly predominates in the top layers 
of the centrifuged rumen liquor. 

That either protein synthesis or protein break- 
down may predominate, according to the conditions 
in the rumen ingesta, gives rise to at least two 
important considerations. (1) That may be 

of value to the animal only if it is fed in a correctly 
balanced diet in which the starch equivalent is 
sufficiently high to balance almost all the IST present. 
(2) That for ruminants the biological value of a 


protein ...may dej)end not only on its amino-acid 
content but also on wdi ether its presence in the 
paunch promotes protein synthesis or hydrolysis. 
Thus with blood meal, wdiich is very insoluble in 
the rumen liquor and can be seen apparently intact 
in the rumen ingesta some hours after feeding, syn- 
thesis occurred in the vitro incubations, but with 
other water-soluble proteins less protein synthesis, 
and even marked production of ISTHg , took place. 
Possibly therefore blood meal, due to its insoluble 
nature, passes through the rumen practically un- 
affected and is digested in the small intestine as 
with non -ruminant animals, wdiereas other more 
soluble forms of protein may be broken down 
slightly but significantly to NHg as they' " pass 
through the rumen. To wliat extent a protein is 
broken down to may partly depend on the 

nature and amount of the non -protein nitrogenous 
substances present at the time. Thus in the presence 
of leucine only (Table 11) slight hydrolysis to NHg 
took place, but when urea was also present synthesis 
predominated. Note that these suggestions are « 
based on only one experiment and that they there- 
fore require confirmation. Nevertheless such indi- 
cations did appear from time to time. The value of 
N.p.K. to the ruminant may therefore be, that 
though it can be utilized for protein synthesis, 
imder certain conditions it also diminishes protein 
breakdown. 

SUMMARY ■■ 

1. Many experiments have been carried out in 
which liquid rumen contents have been incubated 
under different conditions and wdth different sub- 
stances.' 

2. During a 2-4 hr. incubation, when the micro- 
biology appeared to be |>ractically unaltered, the 
N.p.N. of the medium diminished while the total N 
remained unchanged, which suggests that synthesis 
of protein took place. 

3. The amount of synthesis occurring in 2 hr. in 
the presence of 0*3 g. staroli/100 g. rumen liquor 
was usually equivalent to about 8 mg. N/lOOg. 
rupien liquor. If this rate w^'ere maintained for 
24 hr. in the inact nmien there should be protein 
synthesis equivalent to 72 g. N or 450 g. protein. 

4. That the synthesis is microbiological in nature 

has been shown by experiments wdth NaF, quinone 
and boric acid, and by incubations at different 
temperatures. ’ 

5. Relative amoimts of synthesis in the presence 
of various carbohydrates have been studied. Starch 
appears to have the most stimulating effect. 

6. Similar but preliminary experiments have 
been carried out with proteins and amino -acids. 

7. Protein synthesis occurring during the incu- 
bation of rumen liquor is accompanied by protein 
breakdown. Either process may predominate ac- 
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cording to the general Go.n.ditioiis ' or to the " sub- 
stances present. The possible bearing of this' on the " 
■utilization of and on the biological value of 

proteins for riiixiinants is briefly, discussed. 
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The Committee ham resolmd .that the following extract from the programme of the 224th meeting of 
the Society should‘ he placed on permanent record in the Journal 

THE BESIGISrATIOK OF FROFESSOH HARHSTGTOK FROM THE POST OF SENIOR EDITOR 


At the meeting of . the Society at Oxford on 
26 September 1942, .the' Chairman of the Meeting, 
Prof. R. A. Peters, spoke of Prof. Harington’s im- 
pending resignation from the post of Senior Editor 
of the Biochemical Journal and reviewed the 'ex- 
cellent service that Prof. Harington had given to 
the Society over a .period . of 1 5 years. 

The Chairman then calied upon Prof. F. G. Young, 
who moved the following formal resolution of thanks 
to Prof. Harington: • 

‘The Members of the Biochemical Society have 
learned with regret of the impending resignation of 
Prof, C. R. Harington, F.R.S., from the post of 
Senior Editor of the Biochemical Journal on his 
appointment as Director of the National Institute 
for Medical Research (Medical Research Council). 
They recall with gratitude that Prof. Harington 
has served continuously on the Committee of the 
Society for the past 15 years, j&rst as an Ordinary 
Member of the Committee (1927-:9), then as Joint 
Honorary Secretary (1929-30), and since 1930 as an 
Editor of the Biochemical Journah From January 
1938, until the present time, Prof. Harington has 
filled the onerous position of Senior Editor, with 
chief responsibility for the production and editing 
of the Journal, The Members of the Society appre- 
ciate that such continuous and responsible service on 


their behalf has absorbed a substantial proportion of 
Prof. Harington’s time and 'energjT- during the past 
many years, and they wish to express their sincere 
gratitude and thanks for this unselfish devotion to 
the interests of the Society over so long a period. 

‘Although the Members of the Biochemical 
Society greatly regret the necessity of Prof. 
Harington’s resignation from the Editorship of the 
Journal, they nevertheless wish to express their 
sincere congratulations on the appointment which 
has deprived the Society and the Journal, for a 
time at least, of his more active services. They are 
sensible that his appointment denotes not only the 
eminence of Prof. Harington in his many fields of 
interest, but also the ever-growing importance of 
the subject of Biochemistry. 

‘The Members of the Biochemical Society wish 
therefore to record their deep sense of gratitude for 
Prof. Harington’s sustained devotion to the interests 
of the Society during the past years, to express 
their heartfelt congratulations on his appointment 
to a position of eminenee in the field of Medical 
Research, and to convey their sincere good wishes 
for the years to come in the position of great 
responsibility which he now assumes.’ 

The resolution was adopted by the Meeting 
imanimously and with acclamation. 


Obituary Notice 

WILLIAM JOHN YOUNG (1878-1943) 


Prof. W. J. Young, an original member of the 
Biochemical Society, died in Melbourne on 14 May 
1942 after an operation for perforated gastric uicer. 

William John Young was born in Manchester on 
26 January 1878 and was educated at the Hulme 
Grammar School and at Owens College where he 
specialized in chemistry and was awarded the M.Se. 
degree of the Victoria University. 

In 1901 he was appointed as assistant to Dr 
Arthur Harden at the Jenner Institute and thus 
began the long and fruitful association with Harden 
which was to add so much to our knowledge hf the 
biochemistry of carbohydrates. 

> At that time Buchner’s recent discovery of cell- / 
free fermentation by yeast juice had focused atten- 
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tion on the behaviour of this organism, and Harden 
and Rowlands were engaged in studying, its auto- 
fef mentation. Young joined them and continued 
to work with Harden on the carbohydrates of yeast 
until he left the Lister Institute for Australia in 
1912 . : 

The six papers published in the Transactions of 
between 1906 and 1911 contain 
the story of the fundamental contribution of these 
authors to our imowledge of carbohydrate meta- 
bolism. Their outstanding discovery was the part i 

played by phosphorylation in carbohydrate break- 
down and the necessity for the intervention of both ' 

phosphate and co-enzyme in the process. It was | 

Young who in, 1907 isolated the barium salt of a I 
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iiexose-dipliosplioric acid, and to Harden and 
Young we owe the conception of the co -ferment as 
a substance comprising both, the phosphate radical 
and an organic residue of unlmown structure 
capable of passmg on the phosphate radical to the 
sugar molecule. 

In temperament the two colleagues differed 
greatly, Young’s enthusiastic nature contrasting 
with the reserve and caution which were character- 
istic of Harden. Young was an active partner in 
the work and certainly played no inconsiderable 
part in its development. 

In 1912, a new Institute of Tropical Medicine had 
been established at Townsville, Australia, and a 
selection Committee was appointed ih London 
under the Chairmanship of Dr C. J. M. Martin to 
appoint certain members of the Staff of the new 
Institute. Yoimg was chosen as the Biochemist, 
and in 1912 Dr and IVIrs Young with their daughter 
Sylvia left London to make a new home in Australia. 
Whilst at Townsville, Young took up the question 
of the alteration in metabolism produced by resi- 
dence in the tropics, and some new observations 
were recorded in a series of papers published be- 
tween 1915 and 1920, chiefly in the Annals of 
Tropical Medicine and Parasitology, Li 1919, in 
collaboration with Dr Breuil, pathologist at the 
Institute, an interesting paper on Tropical Australia 
and its Settlement was written and appeared in the 
Medical Journal of Australia, 

Chiefly owiug to the exertions of Prof. W. A. 
Osborne, who had just left Townsville to take up 


The Vitamin A Content and Toxicity of Bear and Seal Liver 
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It has long been Imown among Eskimos and arctic sick after eating bear liver, but in other instances 
travellers that the ingestion of polar-bear liver by there were no ill effects. According to Koettlitz 
men and dogs causes severe illness. It has also been [1897], several members of an English expedition 
reported that the liver of a certain (Phoca to Franz Josef Land, 1894-7, ate polar-bear liver 
barhata) is poisonous, although opinion on this point and all suffered in consequence, Lindhard [1913] 
is less unanimous. has also reported poisoning among members of 

Richardson [1861] recounts that when members another expedition. A bear was shot wdiich, al- 
of an expedition led by Barentzoon to Hovaya though thin, appeared to be healthy, and on the 
Zembla in 1596 ate bear liver they all became ill. following day a stew was prepared from the liver, 
In three cases the illness was severe, with loss of heart and kidneys. Although the heart and kidneys 
skin from head to foot. Another early account of of bears had often been eaten without ill effects, the 
the phenomenon was given by Kane [1856], who 19 men who partook of the stew all became sick, 
experimented with bear liver and foimd the inci- The first signs of distress occurred in two victims 
deuce of the poisoning to be inconsistent. On two 2-4 hr. after the meal, and most of the others be- 
occasions the whole company on a journey became came ill dm*ing the night. The symptoms described 


the Chair of Physiology at Melbourne University, 
a Lectureship in Biochemistry was established at 
that University and offered to Young:, somewhat 
later a Chair in Biochemistry was founded to which 
Young succeeded. 

In Melbourne, Yoimg’s time was chiefly devoted 
to teaching; he was responsible for the instruction 
in this subject of students in the faculties of agri- 
culture, dentistry, medicine, science and veterinary 
science; he built up a fine department, and in it 
were also carried out various investigations for 
the Government, two of especial interest dealmg 
with the storage of fruit and the ripening of 
bananas. 

Young was a man interested in many aspects of 
life. He was widely read in English literature, with 
a good knowledge of the drama of the Elizabethan 
age; he was also an expert but entirely self-taught 
cabinet maker. Wliilst at the Lister Institute, he 
took up golf with his usual zeal and was to be found 
on summer evenings assiduously practising at 
Wimbledon Park. His colleagues at the Lister 
Institute remember him as an excellent friend, 
always good-tempered, interested in everything, 
and generally ready to argue on either side of the 
topic under discussion. 

Within a period of two years the Biochemical 
Society has to mourn the loss of Harden, Robison 
and Yoimg, the three men who did so much to 
unravel the mysteries of carbohydrate chemistry 
and to throw open this fruitful field to later 
investigations. I. S.-M. 
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were drowsiness, sluggishness, irritability or irre-' 
sistible desire to sleep, and sever© headache and 
vomiting. During the second 24 hr. the skin of 10 
out of 19 of the patients began to peel around the 
mouth, beginning in spots and gradually spreading 
over larger areas. In some cases the peeling was 
confined to the face, but in several it w^as general. 
Lindhard also described three other cases in which 
the skin peeled from head to foot after eating bear 
liver. The Nor^vegian explorer Nansen [1924] has 
mentioned that on two occasions he ate small 
amounts of bear liver without ill effects. It seems 
probable therefore that the poisonous effects only 
occur when large quantities are consumed. The 
most recent cases of poisoning have been described 
by Doutt [1940]. 

During a recent expedition made by one of us to 
north-east Greenland, 1939-40, specimens of polar- 
bear liver were collected with a view to identifying 
the toxic substance. On chemical and biological 
examination these specimens were fomid to be very 
rich in vitamin A, as also was a specimen of liver 
from P. harhata. It seems probable that this high 
concentration of vitamin A is the cause of toxicity, 
and that the ingestion of more than small amounts 
of liver leads to hyper vitaminosis A. 

METHODS 

Vitamin A estimatio7i8. Specimens were brought 
from Greenland preserved in brine. Small portions 
were digested with alkali, and vitamin A was ex- 
tracted according to the technique described by 
Davies [1933]. Vitamin A was then estimated by 
the SbClg method, using a factor of 0*6 for the 
conversion of blue imits into international units 
[Moore, 1937]. The first bear liver to be examined 
was taken from a 2-year-old female and contained 
18,000 i.u./g. of wet material, A second specimen 
was taken from a 4 -year -old male, and also con- 
tained 18,000 i.u./g. From a third specimen a value 
of 13,000 i.u./g. was obtained. A single specimen 
of seal liver contained 13,000 i.u./g. In biological 
tests groups of rats were given the liver oils in doses 
calculated to be equivalent to either 2*6 or 10*3 i.u. 
daily; other animals were given the international 
standard carotene at the same level. The weight 
increases observed were as follows : 



Calcu- 

Mean wt. 

Approx. 


lated 

increase in 

i.u./g. 


daily dose 

28 days 

liver by 


lu. 

(g.) 

biol. test 

Seal-liver oil 

2*6 

25 . 

14,000 

(Phoca barhata) 

10-3 

48 

12,000 

Bear-liver oil (no. 1) 

2-6 

29 

26,000 

( XJrsus maritimus) 

10-3 

56 

•24,000 

Carotene 

2-6 

23 

„ 


10-3 

47 



Since only a few rats were used (usually 3 males 
per group) these results do not allow accurate inde- 
pendent estimates to be made of the vitamin A 
contents of the livers. It is obvious, however, that 
they agree with the high contents found by the 
SbClg method. 

Tests for toxicity. According to Jackson [1899], 
V. Harley, of University College, London, examined 
bear liver in order to find the reason of its toxicity. 
Intraperitoneal and subcutaneous injections of alco- 
holic, ethereal and aqueous extracts had no toxic 
action on dogs and guinea-pigs, and a dog given an 
aqueous extract by mouth was also imaffected. Two 
mice died 3 days after subcutaneous inoculation 
with an ethereal extract, but the result was possibly 
accidental. Mice were unaffected by injections of 
alcoholic and aqueous extracts. 

The very high content of vitamin A in the liver 
suggested that it might give rise to hypervita- 
minosis A if eaten in more than small amounts. 
This condition was first described by Takahashi, 
Nakamiya, Kawakimi & Eutasato [1925], and has 
since been investigated by many workers. Although 
it is not quite certain that vitamin A itself is 
poisonous, the toxicity is at least closely associated 
with the vitamin in its concentrates. In our labo- 
ratory the lesions produced have varied remarkably 
according to the size of the rat and the magnitude 
and duration of the overdosage. Skin lesions, 
ranging from a slight roughening of the hair to 
seborrhoea and alopecia, are common at all ages. 
When the vitamin is given in the form of drops of 
concentrate into the mouth, peeling of the skin at 
the corners is frequently observed. There may be 
enteritis, emaciation and pneumonia. More specific 
lesions, however, are softening and fracturing of the 
bones, seen most frequently in growing rats, and 
profuse and sudden mternal haemorrhage, often 
seen in adult animals. In one series of experiments 
a dose of 30,000 i.u. vitamin A daily in the form of 
halibut-liver oil was found to be definitely excessive 
for rats of about 200 g. body weight, invariably 
causing roughening of the skin, and occasionally 
death through haemorrhage. 

The liver tested for toxicity in the present experi- 
ments was from the 2-year-old female bear. Al- 
though a value of 18,000 i.u. of vitamin A/g. had 
originally been obtained the portions now tested 
contained only 10,000 i.u./g. Carefully planned tests 
were difficult because of the reluctance of the rats 
to eat the liver. We have observed the same dis- 
inclination in rats when given the livers of other 
rats which had been allowed to accumulate very 
high reserves of vitamin A. One rat ate a total of 
33* 1 g. of the bear liver during a period of 22 days, 
an amount containing an average of 15,000 i.u. of 
vitamih A/day. It became anaemic and the hind 
legs were paralysed. When moribund it was killed, . 
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At autopsy, the profuse internal haemorrhage 
typical of hypervitaminosis A 'was found, particu- 
larly under the skin, but also in the pericardimn. 
Another rat ate 5-3 g. of liver during a period of 
9 days. It then accidentally cut a paw on the side 
of the cage and bled to death. On superficial 
examination the woiuid appeared too slight to have 
caused death in a normal animal. Another rat at© 
24 g. of liver in 22 days without any ill effects. Two 
other rats which received smaller doses were also 
unaffected. 

Attempts to fractionate the liver into toxic 
and non-toxic constituents were unsuccessful. An 
aqueous extract of the liver, and also the residue 
obtained after the removal of most of the vitamin A 
from the liver by extraction with alcohol, were 
readily consumed without ill effects, in amounts 
corresponding to 1-2 g. of fresh liver daily. Two 
rats given the residue after aqueous extraction of the 
liver, ho'wever, also sustained no injmy, although 
almost all the vitamin A was contained in this 
fraction. It is probable that the absence of ill effects 
was due to the refusal of the animals to accept the 
liver in amounts sufficient to poison them. 

DISCUSSION 

It is questionable what factor should be taken to 
convert doses used for rats to the corresponding 
doses for man, but the ratio of 75 taken from the 
relative food intakes of the 100 g. rat and 70 kg. 
man would seem reasonable. If we take 100,000 i.u. 
of vitamin A as sufficient to cause immediate illness 
in the rat, then about 7,500,000 units should cause 
illness in man. This amoxmt would be present in 
375 g. of bear liver containing 20,000 i.u. of vita- 
min A/g., not an excessive portion to be eaten at a 
single meal. 

Some years ago Mr J. F. Ward of the Crookes 
Laboratories mentioned to one of us a case of pre- 
sumed poisoning through excessive halibut-liver oil 
consumption, which may be of interest in the pre- 
sent connexion. One of the men engaged in the 
manufacture of the oil took, -without instruction, 
4-5 oz. daily. After 5 days he became severely ill,. 


the main sym,ptom being giddiness. The ingestion 
of oil was then discontinued, and he rapidly re- 
covered, returning to normal in 8-10 days. The 
daily dose must have been about 6,000,000 i.u. 

In our tests with rats one animal succumbed with 
lesions specific for h 3 rpervitaminosis A. Other rats 
which ate almost as much of the liver showed no 
obvious sign of injury. If bear liver is toxic to the 
rat for any reason other than its high content of 
vitamin A, therefore, the amounts which must be 
eaten to cause poisoning must be so large as to 
render the animal liable to concuiTent hypervita- 
minosis A. As far as can be concluded from experi- 
ments with rats, which may of course differ widely 
from man in their toleration of toxic substances, 
there seems no reason to look beyond vitamin A 
for the cause of toxicity in man although there is 
good evidence for the presence of other toxic sub- 
stances in the tissues of arctic animals which would 
be unlikely to be rich in vitamin A. There would 
seem to be no objection to the use of preparations 
made from bear-liver oil as sources of vitamin A in 
therapeutic doses. ' 

' SUMMARY 

1. Specimens of the livers of the polar bear aiid 
the seal, Fhoca harbata, were found to be very rich 
in vitamin A. Three specimens of bear liver con- 
tained 18,000, 18,000 and 13,000 i.u./g. respectively 
of wet material. A specimen of the seal liver con- 
tained 13,000 i.u./g. 

2. The ingestion of excessive amounts of bear 
liver by rats led in one instance to fatal hyper- 
vitaminosis A. Other rats which ate slightly smaller 
amounts of liver showed no obvious sign of injury. 
The well-known poisonous action of bear liver in 
man is probably due to its high content of vita- 
min A. 

Our thanks are due to Dr Vernon Booth and Mr Alan 
Davies for help in parts of the work, to Dr L. J. Harris for 
liis valuable criticism, and to the Scott Polar Research 
Institute for library facilities. One of us (K. R.) is indebted 
to the DsTansenfondet, Oslo, Freiafondet, Oslo, and Varekrigs 
Forskningsfond, Oslo. 
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Chain & Duthie [1940], who first described the 
association between diffusion in the tissues and the 
mucolytic activity of testicular extracts, reported 
good agreement in quantitative comparisons of the 
diffusing and viscosity -reducing activities of en- 
zymes from many sources; they, as well as other 
workers, isolated a substance closely resembling 
hyaluronic acid from rabbit skin, which substance 
was acted on by these enzymes. On the other hand, 
Madina veitia, Todd, Bacharach & Chance [1940] 
failed to obtain satisfactory correlation between 
diffusing and viscosity-reducing activities and sug- 
gested that it was not justifiable to assay diffusing 
factors in terms of their viscosity-reducing power. 
Hobby, Dawson, Meyer & Chaffee [1941] and Meyer, 
Chaffee, Hobby & Dawson [1941] studied the 
relationship between diffusing factors and hyaluro- 
nidase, and the character of these enzymes which 
were of bacterial and animal origin. The evidence 
these authors present indicates, that whereas hyalu- 
ronidase plays a part in the diffusion in tissues, the 
phenomenon is a complex one and cannot be 
explained on the basis of a simple chemical reaction. 
McCiean & Hale [1941] pointed out that the en- 
vironmental conditions of the test in the skin and 
those in the viscosimeter differ profoimdly, and 
that such variable factors as salt concentration and 
pH markedly affect the apparent viscosimetric titre 
of these enzymes. They concluded that although at 
present it is certainly unjustifiable to assay skin- 
diffusing activity in terms of viscosity -reducing 
activity, it does not follow that the two activities 
are due to separate agents. Moreover, they reported 
that the inclusion of purified hyaluronic acid in the 
culture medium of Cl, welchii caused a marked 
increase, not only in the viscosimetric titre of the 
culture filtrate, but also in its diffusing activity. 
The same result was obtained with streptococcal 
^cultures [McCiean, 1941]. In view of the recognized 
specificity of such ‘adaptive enzyme’ effects, the 
fact that the presence of hyalxironic acid in the- 
culture medium increases the production of diffusing 
factors is evidence for the view that this pheno- 
menon is due to the activity of hyaluronidase. 

Hyaluronic acid, when mixed with serum protein, 
gives a typical mucin clot in the presence of acetic 
acid [Seastone, 1939]; after treatment of the mucin 


with mucinase, however, this reaction no longer 
takes place. This phenomenon was used by E,obert- 
son. Ropes & Bauer [1940] to estimate the activity 
of the Cl. welchii mucinase, by observing the rate 
at which this primary degradation took place. It 
appeared that a comparative study of the activity 
of enzyme preparations from various sources with 
regard to three factors — ^inhibition of the precipita- 
bility of a hyaluronic acid -protein complex; reduc- 
tion in viscosity of hyaliuonic acid; and diffusing 
power in the skin — ^would be useful in elucidating 
the relationship between the successive stages in the 
degradation of the substrate. This paper includes 
a study of the mucin-clot prevention (m.c.p.) test, 
and the correlation between three methods of assay 
based on the above factors. 

METHODS 

Preparation of substrate. In the earlier experiments 
hyaluronic acid was obtained from umbilical cords by the 
method described by McCiean & Hale [1941], which depends 
upon precipitation of an aqueous extract with 3 vol. of 
ice-cold ethanol containing a trace of Na acetate. The final 
product contains about 7 % total N. It was found, however, 
that if the alcohol is saturated with K acetate and brought 
to pH 9-10 with HOH, the hyaluronic acid can be precipi- 
tated by the addition of only 1*25 vol. This precipitate, 
which forms a characteristic stringy clot, is broken up and 
thoroughly washed with alcohol to remove the residual 
K acetate and KOH. It is then washed with ether and 
dried over PaOg in vacuo. This product contains considerably 
less protein than that derived by the original method and 
contains 4*8% total N, 2% P and 12% glucosamine. Its 
aqueous solution does not form a clot on the addition of 
acetic acid. 

A 1% solution of twice-crystallized serum albumen in 
physiological saline was used for the preparation of the 
mucin-protein complex, since serum may contain variable 
amounts of an inhibitor or even traces of hyaluronidase 
[McCiean, 1942]. The albumen was kindly supplied by 
Dr R. A. Kekwick and prepared by his method [Kekwick, 
1938]. 

The substrate-protein mixture for use in the test is pre- 
pared as follows : 1 vol. hyaluronic acid solution is mixed 
with 1 vol. albumen solution; 2 vol. of distilled water are 
then added. The required strength of the hyaluronic acid 
solution for each batch of hyaluronic acid is determined by 
titrating representative enzymes with substrate-protein 
mixtures, prepared with both the original and the 
substrate. The concentration of hyaluronic acid, which 
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gives tiie same end-point as that obtained with the original 
preparations, is used for all subsequent tests. It is found 
that the required conceiitratioii varies from 0*15 to 0*25% 
in distilled water. Solution of the hyaluronic acid is facili- 
tated if the bottle is placed at 37° for 2-3 hr. and shaken 
occasionally. Stock solutions of hyaluronic acid and of 
albumen are kept in the refrigerator under toluene. The 
viscosity of hyaluronic acid solutions falls slowly on storage; 
solutions in which this fall has exceeded 5 % of the original 
viscosity should not be used for the test, since it is known 
that the partially depoiymerized substrate inhibits the 
activity of the enzyme. 

Technique of the test. The test is performed at 100, 
50 or 20% differences in dilution of the enzyme, 
but it is usual to do a preliminary test at a tenfold 
dilution to ascertain the approximate end-point of 
activity. The appropriate dilutions of the enzyme 
sample to be tested are made in a final vol. of 0*5 ml. 
distilled water. In order to obtain reproducible 
results if a final test at 20 % differences is made, it 
is necessary to make these dilutions in bulk, say 
10 ml., and to transfer 0*5 ml. amounts of the 


present in considerable excess are clear. The highest 
dilution of the enzyme showing no clot or threads 
is taken as the end-point of activity. 

Influence of concentration of substrate 
on apparent titre of enzyme 

A preliminary test with an impurified culture 
filtrate of Cl. welchii indicated that the apparent 
potency of the enzyme varies inversely with the 
concentration of the substrate mixture. This varia- 
tion depends upon the concentration of the poly- 
saccharide and, within wide limits, is independent 
of the concentration of protein. Observations were 
then repeated with purified enzyme derived from 
testis and from Cl. welchii. Substrate mixtures were 
prepared containing (1) double the usual concentra- 
tion of polysaccharide and albumen, (2) the usual 
concentration, and (3) half the usual concentration. 
The salt content of the mixture was kept constant. 
The results are shown in Table 1. 


Table 1. The influence of concentration of substrate on apparent potency of purified hyaluronidase 


{a) Purified testis^Jenzyme 


Double cone, substrate 
Usual cone, substrate 
Half cone, substrate 

(b) Purified Cl. welchii enzyme 


Double cone, substrate 
Usual cone, substrate 
Hali' cone, substrate 


Dilution of enzyme 

A." ^ 

)0 1 : 4000 I : 8000 1 : 16,000 1 : 32,000 


Dilution of enzyme 


1 : 1600 

0 

0 

+ 


1 : 3200 

0 

0 

0 


Complete reaction; no clot or threads. ± Partial reaction; threads only. 0 No reaction; unmodified clot. 


dilutions to the tubes for test. 1 ml. of the substrate 
protein mixture is added to each tube, including 
the control, starting from that tube containing the 
highest dilution of enzyme. The test mixtures are 
incubated for 20 min., at 37°. It is important that 
the period of incubation should be accurately con- 
trolled. Immediately after incubation the tubes are 
cooled in ice-cold water, to arrest enzynaic activity 
and to assist clot production on the subsequent 
addition of acetic acid. After 5 min., 0*2 ml. 2N 
acetic acid is added to each tube. The tubes are 
held up to the light and gently shaken. The control 
and those tubes containing little enzyme, show the 
development of a characteristic stringy clot which 
contracts on standing. One or two tubes with con- 
centrations near the end-point may show a few 
threads, or some precipitate. Those tubes in which 
the enzyme has attacked the substrate show no clot 
or precipitate, and those in which the enzyme is 


It will be seen that, within the limits of accuracy 
of this particular test, which was done at only two- 
fold dilutions of the enzyme, the apparent potency 
of both enzymes is inversely proportional to the 
concentration of the substrate mixture. This con- 
firms the observation of Robertson et al. [1940] as 
to the influence of substrate concentration upon 
this manifestation of enzymic activity, and con- 
trasts with the results obtained by Madina veitia & 
Quibell [1940] and McClean & Hale [1941], using a 
viscosimetric technique ; the latter workers reported 
that the reaction constant and the half-life time of 
the viscous substrate are constant for a fixed amount 
of enzyme, and independent of the concentration 
of the substrate, which indicates that, although 
the time taken to reach half- viscosity level remains 
constant, the time taken to carry the reaction to 
completion increases proportionally to the concen- 
tration of the substrate. 
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Rate of the reaction 

Table 2 sliows the result of a preliminary experi- 
ment in which two streptococcal and two testicular 
enzyme preparations were titrated after incubation 
periods varying from 5 to 80 min. The diluted 
enzjnne solutions were warmed for 5 min. in the 

Table 2. The influence of the period of incubation 
on the apparent litre of testicular and streptococcal 
hyaluronidase 

The figures indicate the highest dilution of enzyme which 
prevented the clotting of the substrate. 

Source of enzyme (dilution) 

Period Streptococcus 


of incu- 
bation 
min. 

C21 

whole 

filtrate 

Testis 

Streptococcus 

01 

purified 

Testis 

5 

1 : 320 

1 : 10 

1 : 200 

1 : 1,000 

10 

1 : 320 

1 :20 

1 : 400 

1 : 2,000 

20 

1 : 640 

1 : 20 

1 : 400 

1: 4,000 

30 

1 : 1280 

1 :40 

— 

40 

1 : 1280 

1 :40 

1 : 800 

1 : 16,000 

60 

1 : 2560 

1:80 

— 

— 

80 


— 

1 : 1600 

1 : 64,000 


bath at 37° before the addition of previously warmed 
substrate mixture. At the end of the period fixed 
for incubation the racks were transferred to ice-cold 
water. These tests showed that the reaction was still 
proceeding rapidly at 20 min. and, in fact, that 
there was no noticeable lag even after 80 min. It 
seemed, therefore, that the empirically selected 
incubation time of 20 min. satisfies the demand 
that results should be read at a time when the 
reaction is still proceeding at the initial velocity. 
This period has the further advantage that it is the 
same as that used when assaying enzymes viscosi- 
metrically and by diffusion in the skin. 

A series of observations were made in which, after 
preliminary titration, 5 ml. of the appropriate en- 
zyme dilution were mixed with 10 ml. of substrate 
mixtiue, both warmed before mixing, and samples 
of this mixture examined for clotting power at 
regular intervals. Four dilutions of each enzyme 
were tested in this way. In addition to the strepto- 
coccal and testicular enzyme preparations pre- 
viously tested, a crude 01. culture filtrate and 

a purified Oh welcMi enzyme were thus examined 
(see Table 3). 

It will be seen that the time taken to destroy the 
clotting power of the substrate is approximately 
proportional to the dilution of the enzyme, and this 
was true for ail the enzymes examined. This method 
of titrating the enzymes did not appear to be as 
convenient, or as accurate, as that depending upon 
the determination of the highest effective dilution 
after a fixed period of incubation; the taking of 
samples is very time-consuming and, moreover, 
there is a variable period in which clotting power 


is partially destroyed, as evidenced by the appear- 
ance of threads in the mixture. It is sometimes 
difficult to determine exactly when there are no 
threads present. For these reasons the fixed period 
of 20 min. incubation is preferred to the method of 
determining the time taken by one dilution of 
enzjnne, which was used by Robertson et al. [1940]. 

Table 3. The relation between the dilution of the 
enzyme and the time taken to destroy the clotting 
power of the substrate mixture at S7° 

The times shown in this table are those from the time of 
mixing enzyme and substrate to that at w.hich the failure 
to form a typical mucin clot was noticed. Complete de- 
struction of clotting power was preceded by a variable 
period in which threads appeared in the substrate mixture. 


Purified testicular Streptococcus C 7 

enzyme culture-filtrate 




■i 

No clot 



No clot 


Threads 

or 


Threads 

or 

Diiu- 

only 

threads 

Dilu- 

only 

threads 

tion of 

(time 

(time 

tionbf 

(time 

(time 

enzyme 

min.) 

min.) 

enzyme 

min.) 

min.) 

1: 2,000 

5 

7 

1: 200 

4 

6 or 10 

1 : 4,000 

— 

11 

1: 400 

12 

16 

1 : 8,000 

20 

22 

1 : 800 

30 

32 

1 : 16,000 

35 

45 

1 : 1600 

55-60 

60-55 


Influence of temperature on the reaction 

Robertson et al. [1940] observed the influence of 
temperature on the rate at which a fixed weight of 



M.C.P. titre 

Fig. 1. Influence of temperature on the activity of purified 
testicular hyaluronidase. 

purified mucin was broken down by the enzyme 
obtained from 01. welchii. They concluded that the 
rate of the reaction increased in proportion to the 
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increase of temper atui’e from 0 to 40°, and that 
above 50° destruction of thfe enzyme took place 
rapidly. The figure obtained by them for Kj^ was 
1*75. 

A sample of purified testicular hyaluronidase was 
titrated by the routine m.c.p. test at various tem- 
peratures, the period of incubation for all these tests 
being 20 min. The results are shown in Fig. 1. In 
addition to these results, a test lasting 40 min. was 
carried out at 22° and one lasting 1 hr. 50 min. 
at 4°. It v'ili be seen that there was no activity 
detectable during 1 hr. 50 min. at 4°, but that the 
apparent titre of the enzym^e increased rapidly as 
the temperature was raised. The rate of this increase 
was greater at the higher teinperature than would 
have been necessary to give a figure of about 2 
for Kjo* There was no evidence of destruction of 
the substrate-protein mixture alone at the higher 
temperatures. 

Influence of concentration of salt on the reaction 

In the M.c.p. test already described the solvent 
is distilled water, except for the albumen portion 
of the substrate-protein mixture. Thus the final 
concentration of NaCl in the system is only 0-024 Jkf. 
It was desirable to determine the effect of increasing 
the salt concentration on the activity of the enzyme 
and the kinetics of the reaction. A prelhninary 
experiment showed that, in the absence of enzyme, 
the substrate -protein mixture would not form a 
t 3 ^ical mucin clot if the concentration of salt was 
raised above 0*11 M, A series of titrations of a 
purified testicular enzyme were then carried out, 
in which the NaCl concentration was raised from 
0*0024 to 0-lM, with the result shown in Table 4. 
The trace of NaCl present iti the lowest concentra- 
tion was due to the salt present in the 10% stock 
albumen solution from which test solutions were 
made. ' 


Table 4. The influence of Nad concentration on 
the iif.C.P. titre of testicular hyaluronidase , 


Cone, of NaCl 

Bfighest effective ( 

■ M 

of enzyme 

0-0024 

' <1 ; 500 

0-017 

1: 1,000 

0-033 

1: 4,000 

0-07 

?1 : 16,000 

0-11 

?1 : 32,000 


The activity of the enzyme increases with salt 
concentration up to at least 0*likf, but the deter- 
mination of the end-point is obscured above 0-033 M 
by the development of a flocculent precipitate, on 
the addition of acetic acid, in those tubes containing 
the higher dilutions of enzyme. It appears, there- 
fore, that the salt concentration used in the routine 
test (0*024il4') is very near that at which maximum 


activity of the enzjun© combined with a clearly 
defined end-point is obtained. Robertson al. 
[1940] have already reported that the enzyme from 
Cl» welchii is inactive in the absence of salt, and 
that the activity increases as the concentration of 
various salts in the system is raised to 0-0 8 iff . It 
appears from the work of MeClean & Hale [ 1941 ] 
and Madinaveitia & Quibell [ 1941 ], using a viscosi- 
metric technique, that the activity of the enzyme 
increases up to an optimum concentration of salt, 
which varies for the different enzymes examined 
from OT to 0*3 Jf. A fui‘ther increase of salt causes 
a rapid fall in activity. Madinaveitia & Quibell 
further pointed out, that if the concentration of 
NaCl is reduced below 0-1 ilf the reaction time is 
no longer inversely proportional to the concentra- 
tion of enzyme. 

Influence of pH on the reaction 

In the routine m.c.p. test, as described, no buffer 
is added and the reaction is carried out at approxi- 
mately pH 7*0. Preliminary tests showed that 
Mcllvaine’s citric acid-phosphate buffer solutions 
could not be used in a concentration stronger than 
0*5 ilf without themselves inhibiting the clotting 
powe/ of the substrate mixture. When diluted 
enzyme solutions are added to the system con- 
taining 0*51f buffer, over a rang© from pH 4*4 to 
8-0, it was found that the end-point of activity was 
obscured by the development of a fiocculent pre- 
cipitate. Attempts to overcome this difficulty by 
the us© of other buffer systems have been unsuc- 
cessful for the same reason and, in addition, the 
apparent titre of the enzyme at the same pH may 
vary owing to the inhibiting action of the ions in 
some of the systems employed. Control of the pH 
by the use of 0- 1 N HCl and NaOH was unsuccessful, 
since the substrate mixture clotted spontaneously 
if the pH was reduced below 5-8. 

Limits of accuracy of the M.c.p, test 
at various dilution levels 

Observations were made to determine the stan- 
dard error of this test at different dilution levels. 
Repeated tests were made on the same purified and 
dried testicular enzyme in twofold dilutions, and at 
50 and 20 % dilution differences. The test in twofold 
dilutions was repeated 19 times and gave a“constant 
end-point of 1/8000 with no detectable variation. 
When it was repeated 15 times at 50% differences 
in dilution, an end-pomt of 1/9000 was obtained 
in 11 tests, of 1/6000 in 2 tests and of 1/13,500 in 
2 tests. The standard error at this level is therefore 
approximately 25 % . The actual reading of the tests 
at this level is slightly more difficult than at twofold 
dilutions, since one or more tubes containing dilu- 
tions near the end-point have to be very carefully 
inspected to exclude the presence of a thread of 


173 


Vol. 37 


ASSAY OF HYALUEONIDASE 


precipitate.' The tests at 20 % differences present 
the same difficulty in the determination of the end- 
poiiitj and moreover, occasionally a tube containing 
a dilution of enzyme below the apparent end-point 
may show a trace of precipitate. The tests at this 
level, were, however, repeated 18 times with the 
following result : 

Difference 

No. of End-point from mean 

tests (dilution) (%) 


11 1/8400 — 

4 1/6910 20 

2 1 / 10,000 20 

1 1/4800 40 


Seven out of 18 tests had a doubtful tube below the 
apparent end-point. The standard error of this test 

If the results obtained at the 50 and 20 % dilu- 
tion levels are combined we may conclude that the 
standard error of the test as done here is approxi- 
mately 22 % , and therefore about two-thirds of the 
results will be within 22% of the true value, and 
20 out of 21 will be within 44 % of this. 

When a probit/log-dose curve w^as fitted to the' 
results from the 18 tests at 20 % dilution differences, 
by taking the 18 tubes at any one dilution as a 
group with a percentage response, it was found that 
the departure from linearity was significant in that 
higher dilutions gave a much steeper slop© than 
lower ones. From this, it is clear that if^for example, 
the test were repeated 6 times on small groups of 
tubes, and the correct end-point taken as that of 
50 % of the tests with readings restricted to below 
60 %, the method of assay would be very delicate 
indeed. 

Substrate solutions showing any evidence of loss 
of viscosity (as described under ‘Methods’, p. 170), 
were not used for this test, and standard prepara- 
tions of the substrate and of the albumen were kept 
in the dry state for comparative tests. Under these 
conditions there was no evidence of variation in the 
sensitivity of the substrate mixture. Systematic 
observations have not been mad© to determine 
whether any change in the apparent titre of en- 
zymes is found, when these are retested after 
varying intervals of thne, but chance observations 
on some of the dried purified enzymes tested at 
intervals up to 3 months do not indicate any signi- 
ficant variation. I am indebted to Dr C. W. Emmens 
of the ISTationai Institute for Medical Research, 
Hampstead, for the statistical examination of these 
results and for much valuable advice. 

The neutralization of the M.O.P. reaction hy anti-sera 

The spread of bacterial diffusing factors in the 
skin can be inhibited by sera from rabbits im- 
munized with purified diffusing factors, which are 
free from detectable bacterial toxin [McClean, 1936]. 


The anti-sera used contained no detectable anti- 
toxin. The serum prepared against the diffusing, 
factor obtained from GL welchii inhibited the spread 
of the homologous factor, but not that of the factor 
obtained from Vihrion septique {01. septicum), and 
vice versa. More recently [McClean & Hale, 1941] 
it was confirmed that these sera also inhibit the 
viscosity -reducing, and hydrolytic, activity of the 
hyaluronidase obtained from tlae homologous or- 
ganisms. It was of interest to investigate the in- 
fluence of these sera on the m.c.p. activity of these 
enzymes, and to study the activity of sera prepared 
against enz^-unes from other sources. 

Technique. A fixed dilution of the anti-serum was 
tested against increasing dilutions of the enzyme. 
This was found to give a clearer end-point than the 
reverse method of titrating increasing dilutions of 
sermn against a fixed dose of enzyme. 

Since the serum dilutions (1 : 10) were made wdth 
physiological saline the substrate -protein mixture 
was made up entirely with distilled water, in order 
to keep the salt content of the system the same as 
that of the routine m.o.p. test. Enzyme solutions 
were mad© at twice the concentration to be tested 
and then mixed with an equal volume of the diluted 
serum. Thus in the final mixture there was a con- 
stant 1 : 20 dilution of serum, mixed with increasing 
dilution of enzyme. The enzyme-serum mixtures 
were left at room temperature for 30 min. before 
the addition of the substrate -protein mixture and 
subsequently incubated at 37°. 

In each test controls were set up in which the 
enzyme was titrated in the absence of any serum, 
and also in the presence of correspondingly dilute 
normal serum. The activity of the sera was ex- 
pressed as the number of minimal clot-preventing 
doses of enzyme which would be neutralized by the 
undiluted serum. 

Gas gangrene anti-hyaluronidase sera. The sera 
prepared against the diffusing factor, which had 
been shown [McClean, 1936; McClean & Hale, 1941] 
to neutralize the diffusing, viscosity -reducing and 
hydrolytic activity of the extracts of Gl. welchii and 
Vihrion septique, were tested by the m,o.p. method. 
Of the two Gl. welchii anti-sera, on© neutralized 
from 80 to 160 minimal m.o.p. doses of the homo- 
logotis enzyme, and the other 160 to 200 doses. Of 
the two Vihrion septique rniti-BOvs^, one neutralized 
more than 100 doses of enzyme, and the other 
between 40 and 100 doses. It was not possible to 
test these Vihrion septique sera more accurately as 
no sufficiently potent ©nzybae from this source was 
available. 

There was no cross -neutralization of the CL 
welchii enzyme by Vihrion anti-serum or 

vice versa. 

Streptococcal anti-hyaluronidase sera. Groups of 
six rabbits were immunized with purified enzyme 
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obtained from group A 4 and group C type 7 
streptococci. Tiie ciiltine filtrates were purified by 
adsorption on to aluiiiiiia Cy and elution with 
ISrasHPO,! solution according to the method de- 
scribed by Madinaveitia [1939]. One of these crude 
filtrates, and the corresponding purified prepara- 
tion, was kindly examined by Dr E. W. Todd, of 
the L.C.C. Antitoxin Laboratories for streptolysin O, 
He reported that, whereas the crude filtrate con- 
tained considerable quantities of this haemolysin, 
none was detectable in the purified preparation. 
The group A and group C anti-sera were also tested 
by Dr Todd for antitoxin both before and after 
immunization. Unfortunately, the tests on the 
group C anti -sera did not give completely clear-cut 
results owing to deterioration of the sera during an 
interval elapsing before they were tested. There 
was, however, evidence of a slight increase in anti- 
haemoiysin titre after the second course of injections 
over the figure to be expected for a similar group 
of normal rabbits. This result suggests that there 
may have been a small amount of haemolysin 
toxoid in the purified enzyme preparation. The 
sera from the group A rabbits all showed less than 
1 -unit of anti-streptolysin 0 both before and after 
immunization. These results indicate that the 
group A purified enzyme preparations did not con-* 
tain significant amounts of streptolysin O or the 
corresponding toxoid, and that their anti-hyaluron- 
idase activity could not be ascribed to any increase 
in anfi-haemoiysin. 

Tests for anti-hyaluronidase activity with the 
sera from the six rabbits immunized with the 
group C enzyme showed that after the first course 
of 7 injections they neutralized from 160 to 500 
minimal m.c.p. doses of the homologous enzyme; 
after the second course of 4 injections the sera 
from all these rabbits neutralized 750 or more doses 
of enzyme.^ The sera obtained from the animals 
immunized with the group A enzyme neutralized 
from 40 to 160 doses of enzyme after the first course 
of injection. Cross-neutralization tests showed that 
there is no neutralization of group A enzymes by 
group C sera or vice versa. On the other hand, 
neutralization tests carried out with enzymes from 
group C types 20 and 21 strains and the serum 
prepared against the enzyme derived from group C 
type' 7 strain showed that this serum was equally 
potent against these enzymes. It appears, therefore, 
that in their present state of purification,^ these 
streptococcal enzymes are group- but not type- 
specific. 

Testicular anti-hyaluronidase sera. Through the 
courtesy of Dr Ungar of the Glaxo Laboratories a 
sample of rabbit serum, prepared against partially' 
purified enzyme from bulFs testis, was obtained. 
This serum had been shown by Dr Ungar and his 
colleagues to inhibit the spreading activity in the 
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skin of the homologous testicular enz 3 nne (private 
communication). Neutralization tests by the M.c.n. 
method were set up with this, against a purified 
enzyme derived from bull’s testis, a crude mouse 
testis enzyme, and bacterial enzymes derived from 
Cl. welchii, Vibrion septique, group A and group C 
streptococci. This serum neutralized 200 minimal 
M.c.p. doses of the homologous bull’s testicular 
. enzyme, but showed no neutralizing actiyity against 
the enzyme from mouse testis nor any of the bac- 
terial enzymes. This anti-testicular serum was also 
tested viscosimetricaily with the homologous en- 
zyme. A 1 : 10 dilution of the serum neutralized 
the activity of at least 7 viscosity -reducing units 
of this enzyme. 

It should be borne in mind that the apparent 
specificity of these anti-hyaluronidase sera, pre- 
pared from various bacterial enzymes and from 
testis, may be due to the partial purification of the 
enzymes used as antigens, and to the fact that these 
enzymes were still linked to some other bacterial or 
tissue component, which determined the specificity 
of the anti-sera. 

The relation between the M.G.P. reaction and 
viscosity reduction by the enzyme 

It was known that the highest dilution of a puri- 
fied testicular enzyme which would destroy the 
clotting power of a substrate protein mixture in 
20 min. would reduce the relative viscosity of the 
substrate only from 153 to 148 in that time. The 
dilution of this sample was 1 : 100. When this 
sample of enzyme was tested viscosimetricaily in 
a system containing the same amount of NaCl as 
the M.c.p. system, it was found to contain 16 
viscosity -reducing imits (v.b.xj.); by definition 
[McClean & Hale, 1941], 1 v.b.xj. is that concen- 
tration of enzyme which will reduce the viscosity 
of a standard substrate preparation to a level half- 
way between its original figure and that of the 
solvent employed in 20 min. Thus the clotting 
power of the substrate mixture was destroyed in 
20 min. by a dilution of enzyme containing only 
0*16 V.B.XJ. It was of interest to determine how 
rapidly a solution containing 1 v.b.u. would prevent 
the formation of the clot. 

When the substrate mixture and a dilution of 
enzyme containing 1 v.b.xj. were warmed separately 
to 37'^, the capacity to form a typical mucin clot 
was destroyed in less than 1 min., threads only 
developing in a sample tested after 1 min. A 2 min. 
sample remained clear after the addition of acetic 
acid. These observations indicate that mucin-clot 
prevention is the first stage in the degradation of 
the substrate, and that this change can be detected 
before any appreciable fall in viscosity occurs. The 
fact that diffusion in the tissues can also be de- 
tected immediately, and occurs in high dilution 



suggests that this phenomenon may be closely were done in M/60 buffer the. enzymes would be 
related to this primary stage in the degradation much more active at pH 7*0 than at pH 4-6. The 
of the substrate. crude Cl. welchii enzjnne shows a similar response 


The combined influence of salt concentration and of 
-pH on the viscosity -reducing activity of the enzyme 
It has been shown [McClean & Hale, 1941; 
Madinaveitia & Quibell, 1941] that the concen- 
tration of salt profoundly affects the viscosity- 
reducing activity of these enzymes and that this 
effect varies with enzymes from different sources 
and with the nature of the ions present. The com- 
bined effect of salt concentration and pH was 
studied. Madinaveitia et al, [1940] reported their 
failure to obtain correlation between skin -diffusing 
and viscosity -reducing activities of several enzymes 
from different sources. Their viscosity estimations 
were, hovrever, carried out at pH 4-6 in a final 
concentration of M/6 buffer solution, whereas the 
diffusion in the skin presumably took place at about 
pH 7*0 in isotonic salt concentration. 

Two samples of testicular enzymes pm’ified by 
different methods, one purified Cl, welchii enzyme 
and one crude Gl. welchii culture filtrate, were 
titrated viscosimetrically in Mcllvaine’s citric acid- 
phosphate buffer at pH 4*6 and 7*0. The titrations 
were carried out in duplicate with final concentra- 
tions of M/6 and M/60 buffer in the system. It had 
already been established that ,the apparent titre of 
the enzyme was not materially affected by substi- 
tuting Mcllvaine’s buffer at pH 4*6 for the Ha 
citrate usually employed. The results obtained in 
these titrations are shown in Table 5. 

Table 5. The combined influence of salt concentration 
and of pH on the viscosity rr educing activity of the 
enzyme 


Note. Mcllvaine’s citric acid-phosphate buffer used 
throughout. 

v.B.u. viscosity reducing units. 

It will be seen that, with all three purified 
enzymes, there is a marked decrease in the apparent 
activity at pH 7*0 if the concentration of buffer is 
increased from M/60 to M/6. On the other hand, 
at pH 4-6 there is a substantial increase in activity 
as the concentration of buffer is increased. Thus, if 
titrations of any of these enzymes were carried out 
at different pH’s in the presence of M/6 buffer it 
would appear that their activity would be greater 


Tig. 2. Combined influence of pH and salt concentration. 
Purified testicular hyaluronidase. • — • titration in 
Jf/60 buffer. o---o titration in ilf/6 buffer, v.k.tj. vis- 
cosity-reducing unit. 



Buffer 

Buffer 

Buffer 

Buffer 


Source of 

M/60 

M/6 

M/60 

M/6 


enzyme 

V.B.U. 

V.E.IT. 

V.E.IT. 

V.E.U. 

P 

Testis Gl. 3 

1,280 

670 

205 

830 

P3 

Testis P.M. 1 

125 

37 

17-6 

47 

> 

Cl. welchii 74 
(purified) 

15,150 

4000 

4000 

6100 


Cl. welchii 
(filtrate) 

50 

15*5 

27 

27 



Tig. 3. Combined influence of pH and salt concentration, 
Crude Cl. welchii enzyme. • — • titration in ikf/fiO buffer, 
o- - -o titration in if /6 buffer, v.e.it. viscosity-reducing unit. 

to increased concentration of buffer at 
no 
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Giirves showing variation of activity with change 
of were obtained for one of the purified testi- 
cular enzymes and for the crude 01. welchii enzyme 
ill both M/6 and M/60 buffer solutions. The pH of 
the systems in which the observations were made 
were checked electronietrically. Fig. 2 shows that, 
in a buffer concentration of M/60 the pH optimum 
of the testicular enzjnne is about 6*8, whereas in 
M/6 buffer the optimum shifts to about pH 5*0. 
Moreover, aromid the pH optimum the activity of 


The correlation between different methods 
of assaying enzymic activity 
Nine representative enzyme preparations ob- 
tained from different sources and showing a wide 
range of activity were selected for assay, by their 
diffusion in the skin, their viscosity -reducing ac- 
tivity and by the mucin- clot prevention test. A 
complete description of the test for diffusing activity 
is given by J. H. Humphrey [1943]. 


Tests of enzymic activity by different methods 


Table 6. 


Source of enzyme 

Hireptococcus C 7 (purified) 

Glaxo standard prep. (1 mg./ml.) 
OL -irek/wf (purified) 

Cl. welchii (filtrate) 

Testis (P.M. 1) 

/Streptococcus (A 4 filtrate) 
Streptococcus (G 7 filtrate) 

Testis (G 3) 

CL loelcMi ( W 74 purified) 


Diffusing activity. Tested in twofold 
contains 1 diffusing unit. 

V iscosity -reducing activity. 
accurate to ±10%. 

Mucin-clot prevention. 


Diffusing 

Viscosity 

Mucin- clot 
prevention. 

activity 

(Glaxo 

reducing 

activity 

Highest 

effective 

units/ml, ) 

units 

dilution 

750 

12 

208 

2,000 

29 

100 

4,000 

57 

860 

8,000 

57 . 

750 

8,000 

125 

1,040 

10,000 

93 

■ 1,040 

10,000 

225 . 

10,000 

200,000 

1,280 

8,000 

800,000 

15,150 

125,000 


Coefficient of correlation 


Ratios 

r 



Diffusion 

Diffusion 

M.c.p. 

V.B.U. 

'M.c.p, 

V.R.U. 

63 

3-6 

17-3 

69 

20 

■ 3-5' 

70 

4-75, 

15-1 

140 

10-6 

13-2 

64 

7.7 ' 

8-3 

107 

9-6 

11-2 ■: 

44-5 

1-0 

44-5 

156 

25 

6-2 

52 

6-4 

8-3 

0-980 

0-978 

0*998 


p <4 0-001 0-001 0-001 

of the Glaxo standard preparation 


dilutions; see Humphrey (1943). 
Estimated at pH 7-0 in if/60 Mellvaine’s 
Titrated at 20% differences in dilution. 


buffer solution. Unit defined in text. Hesuits 


the enzyme is very much greater in the more dilute 
buffer. Fig, 3 shows a similar picture for the crude 
CL welchii enzyme though the shift of pH optimum 
as the buffer concentration is altered is not as 
marked as it is for the testicular enzyme; in M/60 
buffer the optimum activity is obtained at about ^ 
pH 6-0 and in M/6 buffer at about pH 4*5. This 
figure show^s why the activity of this enzyme at 
pH 4*6 appeared to be the same in both concentra- 
tions of buffer ; this is the point at which the two 
curves cross and the curve of activity in M/60 
buffer is exceedingly steep. 

These results cast doubt on the validity of the 
‘pH optima’ for this group of enzymes that have 
been previously reported by us and many other 
workers. It is obvious that the pH curves are pro - 
foimdly modified not only by the concentration of 
the salts that are present but also by the nature of 
the ions in the system [McClean <fe Hale, 1941; 
Madinaveitia & Quibell, 1941]. M. G. Macfarlane 
& H. J. Hogers state (private communication) that 
with different buffer systems the pH optimum of 
the lecithinase derived from’ Cl. welchii ib different. 
Similarly, Myrback [1926] and Shermain, Galdwell 
& Adams [1928] found that some ions increase the 
activity of amylases and change the pH optimum. 


In the light of the observations described in the 
foregoing section, it was decided to carry out 
viscosimetric titrations in M/60 buffer at pH 7*0. 
The error of this method has-been shown to be less 
than ±10%. The m.c.p. test was carried out at 
20 % differences in. dilution, 'and the standard error 
of this test is approximately 22 % (see Table 6). It 
will be seen that the coefficient of correlation be- 
tween any two of the three tests is very high, and 
that the ratio between the individual values for 
any sample obtained by the skin diffusion, and by 
the viscosimetric tests, are as good as could be 
expected, when the liuoit of accuracy of the former 
test is taken into consideration. When the ratios 
between the values obtained by the m.c.f. test, and 
by either of the other methods, are examined, the 
result is not so satisfactory. The variation is much 
larger than can be explained by the internal errors 
of the different types of test. This difference in the 
ratios does not show any constant trend as the 
potency of the enzymes increase, nor does it vary 
consistently with the source from which the enzyme 
was obtained. At thi^ stage it is not possible to give 
any satisfactory explanations for this discrepancy, 
but the fact that the coefficient of correlation for 
all three tests, on nine different enzymes from 
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diverse sources and of a wide range of activity, is 
so liigli, is very strong evidence that all three tests 
are, in fact, measuring the activity of the same 
agent. In view of the contradictory reports that 
have appeared in the literature it is interesting to 
note, that when the viscosimetric assay is carried 
out at pH 7*0, in approximately physiological salt 
concentration, very good agreement is obtained 
with the results of skin-diffusing activity. 

SUMMARY 

1. A method of assaying hyaluronidase is de- 
scribed, which depends upon the destruction by the 
enzyme of the power of a substrate-protein complex 
to form a typical ‘mucin clot’ on the addition of 
acetic acid. 

2. It appears that the destruction of the clotting 
power of the substrate is an early stage in its 
degradation, which can be detected before any 
appreciable fall in viscosity occurs. 


3. ■ Sera which inhibit the diffusing and viscosity- 
reducing activity of these enzymes also inhibit the 
mucin-clot prevention reaction. Sera prepared 
against enzymes obtained from €1. welcMi and 
Vibrion septique are species- but not type-specific. 
Those obtained against streptococcal enzymes are 
group- but not t^^pe -specific. A senun prepared 
against diffusing factor from bull’s testis inhibited 
this enzyme, but did not inhibit a testicular enzyme 
from the mouse, or any of the bacterial enzymes. 

4. Both the apparent pH optimum of viscosity- 
reducing activity, and the titre of the enzyme, are 
markedly affected by the concentration and nature 
of salts in the system. 

5. Nine enzymes from various sources have been 
examined for diffusing activity in the skin, by 
viscosimetry and by the mucin -clot prevention test. 
The conclusion is drarni that all three tests measure 
the activity of the same agent. 

I wish to express my appreciation of the keen coopera- 
tion and many constructive suggestions of Mr C. W. Hale, 
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Studies on Diffusing Factors 

3. A NEW BIOLOGICAL ASSAY OF DIFFUSING FACTOR IN GUINEA-PIGS 


By j. Hi HUMPHREY (Jenner Memorial Student), From the Lister Institute of Preventive Medicine, 

Elstree, Herts / 

(Received 13 November 1942) 


The most accurate biological method of assaying 
diffusing factor hitherto published is that of Bacha- 
rach, Chance & Middleton [1940]. This method 
compares the activities of pairs of preparations by 
measurement of the mean bleb size produced in 
suitable rabbits, using a ‘four -point’ assay. Since 
the log dose-response curve is sigmoid these authors 
found that the four doses must be carefully adjusted 
so as to lie upon the straight portion of the curve, 
but if such precautions are observed they claim to 
be able to distinguish satisfactorily between doses 


in the ratio of 2 to 1. In the comse of work mader- 
taken to establish the identity, or otherwise, of 
diffusing factor and hyaluronidase, it became de- 
sirable to be able to detect twofold differences in 
diffusing-factor activity. In view, however, of the 
difficulty caused by the non-linearity of the log 
dose-response curve [Evans & Madinaveitia, 1940], 
it was decided, at the suggestion of Mr C. W. Hale, 
to devise an accurate assay of the least dose which 
would produce a significant increase in bleb area 
in a given time, when injected intracutaneously 
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iato a group of guinea-pigs. The principle is the 
same as that underlying tests of minimal lethal 
dose, etc. The time chosen, which is the shortest 
convenient, is also such that active diffusion is still 
taking place when the bleb size is measured, and 
the measurement is made before the initial velocity 
of reaction has fallen significantly. The method to 
foe described has provided, in our experience, an 
absolute assay, inasmuch as the minimal diffusing 
dose is the same for repeated assays of the same 
preparation, using different batches of animals. 
With reasonable precautions in the choice of ani- 
mals, and within the limits of accuracy of the test, 
it should be possible for different workers to use 
comparable units without necessarily sharing a 
common standard preparation. 

METHODS 
Procedure for assay 

General. Two control and 6 test doses of diffusing factor 
(d.f.) are injected intracutaneously into each of 6 guinea- 
pigs, with haemoglobin as an indicator of the bleb size 
[Madinaveitia, 1938]. After exactly 20 min. each animal is 
killed and the skin of the back is rapidly flayed. The areas 
of the blebs are measured on the underside of the skin, and 
the minimal diffusing dose is taken as the least amount of 
D.F. which will produce a 20 % increase in mean area as 
compared with the mean of the controls. 

Animals. The guinea-pigs should weigh over 300 g. and 
their skins should be white. Tor each assay 7 are required, 
and their backs are clipped before use. 

Solutions. The dilutions of d.f. are made in physiological 
saline shortly before injection. To each dilution is added 
an equal volume of horse haemoglobin solution, made by 
washing horse red cells with physiological saline six or seven 
times on the centrifuge, laking by the addition of distilled 
water up to the original volume of the blood, and making 
up to 0'85’% (w/v) NaCl by the addition of solid NaCl, in 
quantity calculated from the chloride content of the solu- 
tion. The final dilution of d.f. is thus 1 : 2 of the original. 
It is important to wash the cells very' well, since horse 
serum inhibits the action of d.f. and it is best to add the 
haemoglobin solution after making the dilutions, since it is 
viscous and renders accurate pipetting difficult. 

Injectio7is. 0*2 ml. of each dilution, and two controls of 
0'2 ml. of equal parts haemoglobin solution and saline, are 
injected intracutaneously with Nimrod syringes into each 
guinea-pig. The position on the guinea-pig does not matter 
(see below), but the order should be kept constant to 
facilitate r^&ading later. A separate syringe should be used 
for each dilution. It is convenient to inject one guinea-pig 
every 3 min., since the first is then ready for killing and 
measurement soon after the last one has been injected. 
There is a small leak back from each bleb, but under 
standard conditions this is fairly constant in amount. 

Measurement of blebs. Exactly 20 min. after injection 
each animal is killed by a blow on the head, and the skin 
containing the blebs is removed from its back. The skin is 
then laid out flat with the inside uppermost and sponged 
with cold water to clean the skin and cause the muscular 
layer to relax. The blebs stand out sharply, and are ellip- 
tical, except for those in.' which very considerable diffusion 


has occurred. The area is obtained by measuring the shortest 
and the longest diameters with dividers and multiplying 
their product by -Itt. Since the time taken for measurements 
on each guinea-pig is 3 min. or less the time-table can be 
adhered? to fairly accurately. 

A preliminary orientating assay is made in a single 
guinea-pig using six tenfold dilutions of d.f. Having found 
roughly what dose gives a 20% increase in bleb area over 
the controls, the accurate assay is carried out using six 
twofold dilutions of d.f. adjusted to cover the end-point 
arrived at in the preliminary assay. Examples are given 
in Table 3. 

RESULTS 

The test described above was worked out as the 
result of an experiment in which each of 6 guinea- 
pigs was given 8 intraeutaneous doses of 0*2 ml, 
haemoglobin -saline in a constant order, and bleb 
area measured in mm.^ after 20 min. (Table 1). 


Table 1. Variation in area of blebs in control 
experiments without diffusing factor 

Animal no. 



f 

I 

II 

III 

IV 

V ' 

VI 


Size of individual blebs 

(mm.2) 


159 

165 

195 

163 

170 

206 


180 

164 

187 

200 

176 

214 


180 

143 

181 

204 

201 

212 


170 

162 

188 

159 

177 

214 


176 

177 

195 

189 

— 

187 


177 

174 

201 

176 

181 

176 


153 

194 

176 

179 

189 

201 


167 

194 

174' 

193 

195 

— 

Means 

Greatest deviation 

170 

172 

187 

183 

184 

201 

from mean as % 
of mean : Pius 

6 

13 

7-5 

11*5 

9 

6*5 

Minus 

10 

17 

7 

13 

7*5 

12*5 

Coefficient of 

5-5 

9-3 

4*5 

8*4 

4*6 

60 


variation 

From the results in Table 1 it can be seen that 
although most of the guinea-pigs have a similar 
mean bleb size, occasionally one differs from the 
others. The size of individual blebs on any one 
guinea-pig was fairly constant, and appeared to 
grow more constant as our skill improved in later 
tests. There is no constant variation with position 
on the animal. If a variation equal to twice the 
standard deviation is considered significant, it ap- 
pears that in each animal a 20 % increase in bleb 
size, compared with the mean for that animal, would 
be significant. In our test by taking 2 blebs on each 
of 6 guinea-pigs as a control we have 12 control 
blebs against which to compare 6 test blebs for 
each dose level. 

A similar experiment to the above was done with 
a known diffusing dose, to ascertain whether the 
same degree of constancy could be obtained when 
diffusion was occurring. One minimal diffusing dose 
of preparation G 3 was used throughout. This, in 
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Table 2. Variation in area of blebs with one minimal diffusing dose of diffusing factor 

Animal no. 


Combined totals 


Mean test bleb 
257 


Control blebs 


Mean control bleb 
201 


Mean percentage increase over controls 


Coefficient of variation for test blebs 


Table 3. Data for two separate assays on the same preparation of diffusing factor 

{a) Preliminary assay of diffusing factor on single guinea-pig 
Increase over 

Dilution Bleb area controls Dilution 

of D.p. mm.2 % of D.F. 


Increase over 
controls 


23* Control 

16 Control 

(b) Complete test on groups of guinea-pigs 
First test 


Second test 


Animal no. ... 1 2 3 4 5 6 7 8 9 

Dilution of o.f. Bleb areas (mm.^) 

1 : 5,000 227 297 314 329 304 348 277 269 294 i 

1 : 10,000 249 262 260 262 227* 284 255 283* 232 i 

1: 20,000 254* 255 262 255 189 — 213 176 255 i 

1 : 40,000 212 259* 258* 269* 187 299 245* 176 218* 1 

1: 80,000 182 171 176 170 213 299* 189 187 176 J 

1 : 160,000 224 188 201 201 205 227 165 201 149 ] 

Control 192 232 173 163 194 205 176 165 182 ] 

Control 176 212 200 154 ■— 214 160 156 143 1 

* Greatest dilution showing 20 % increase in area over controls. 

(c) Summary : Mean for six guinea-pigs 
First test Second test First test 

192 167 1:20,000 233 (plus 21%) 

208 (plus 8%) 174 (plus 4%) 1:10,000 258 (plus 35%) 

202 (plus 5%) 180 (plus 8 %) 1 ; 5,000 305 (plus 59%) 

230 (plus 20%) 209 (plus 25%) 

tion in sensitivity from animal to animal, but the 
average amount of diffusion for all pigs at this dose 
level (28 %) agrees well with previous assays of the 
same preparation (Table 2). ' 

In Table 3 is given an example of two separate 
complete assays of a testicular diffusing-faetor pre- 


Controls 
1 : 160,000 
1 : 80,000 
1: 40,000 


averaged response of each group of 6 animials. The 
results (Table 4) showed that 50 out of 60 animals 
gave an end-point within one twofold dilution 
on either " side of that dilution which was the 
end-point deduced from the mean response of the 
batch. • 


previous assays at this dose .level, had given mean 
percentage increases in area of 20 and 25 % . In this 
test the size of the control blebs showed fair constancy 
and there was fairly good agreement between test 
doses on any one guinea-pig — apart from one bleb 
in each of animals IV and V, which differ markedly 
from the others, and which increase considerably 
the coefficient of variation. There was definite varia- 


paration, which can be detected by our test at a 
dilution of 1 : 40,000. It will be seen that in the 
critical range the agreement of the mean values is 
quite good, despite considerable variation in indi- 
viduals. 

In the first 10 tests which we made, comprising 
a total of 60 guinea-pigs, an analysis was made 
of the individual responses as compared with ,the 
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Table 4. Scatter oj assay results with 60 animals 
No. of animals giving end-point at 

' .A - 

1 dilution 2 dilutions 3 dilutions 


1 dilution 

Assigned r-- — ^ 
dilution Less More 


2 dilutions 

' ^ \ 

Less More 


Less More 
1 1 


With the kind co-operation of Mr Bacharach and 
his co-workers a series of preparations was assayed 
by onr method, by the method of Bacharach aL 
[1940], and by a modification of the viscosity- 
reduetion test described by McClean & Hale [1941] 
which we believe to be accurate to within 10%. 
The results are listed in Table 5, in which we have 

Table 5. Comparative results with three 
methods of assay 

Diffusing activity in 



Glaxo units/ml.* 

Viscosity 

1 ' 

f ^ ^ 

'k 

reducing 

Enzyme 

Our 

Glaxo 

activity 

preparation 

assay 

assay 

units/ml. 

Streptococcus 07 (purified) 

750 

4,650 

12 

1 •• Glaxo standard testis 

2,000 

(2,000) 

29 

1 (1 mg./ml.) 




') 01. wdchii (purified) 

4,000 

4,050 

67 

! ' Cl. welcMi (filtrate) 

8,000 

4,800 

57 

1 Testis '(P.M, 1) 

8,000 

12,400 

125 

. 1 Streptococcus (A4 filtrate) 

10,000 

19,600 

93 

t Streptococcus (07 filtrate) 

10,000 

13,500 

225 

. 1 ' Testis (G. 3) 

200,000 

19.000 

1,280 

C7. tuek/iM (W. 74 purified) 

800,000 

60,300 

15,150 


* The conversion of our assay into Glaxo units is carried 
out as follows: for the Glaxo Standard testis powder, by 
their definition, one diff’usion unit (D.tr.J is contained in 
0-5 ftg. We found on repeated test that a solution of this 
powder containing 1 mg./nil, showed significant diffusion 
at a highest dilution of 1 : 400 of the solution. Our minimal 
diffusing dose (m.d.d.) therefore contains 0*25ft.g. and hence 
2 M.D.D. corresponds to 1 d.tt. 

calculated our minimal diffusing doses so as to give 
the potency of the preparations in terms of the 
Glaxo Standard, which we assayed by our method. 
A full discussion of these and other results is given 
elsewhere [McClean, 1943], from which it will be 
seen that, within the limits of the tests, there is fair 


agreement between our minimal diffusing dose assay 
and the viscosity -reducing activity, whereas with 
the Glaxo assays the agreement is less good. It is 
only necessary here to discuss the degree of agree- 
ment between the two biological methods of assay. 
Over the range 2000”10,000 uoits/ml. this is good, 
but with the weaker and the stronger preparations 
the differences are far outside the experimental 
errors of the two tests. 

DISCUSSION 

The method of Bacharach et al. [1940] is based upon 
the measurement, in the skins of rabbits, of the 
total area through which a preparation spreads in 
a given time, compared with the area of spread of 
a standard preparation. The areas of diffusion are 
proportional to the logarithms of the doses, only 
over a limited range of dilutions, which these 
workers select for fheir test. Their method depends 
upon the evaluation of the slope of the log dose- 
response curve (6) at that part of the curve at which 
it is linear, and they state that the values of 6, for 
the standard and for the test blebs, are, in any one 
experiment, always sufficiently close to permit of 
acciuate calculation. The method described above 
measures the smallest dose of d.f. which produces 
significant increase in diffusion, and measures there- 
fore a quantal response. It has in its favour that 
it is relatively easy to carry out in practice. Statis- 
tically,, however, it is less satisfactory than the 
analysis of a, continuous variate, as carried out by 
Bacharach et al. [1940]. Yet the results of our assay 
are in closer agreement than theirs with the deter- 
minations of viscosity-reducing activity, when the 
latter is measured under physiological conditions of 
salt concentration and pH [McClean, 1943]. Re- 
examination of ail the assays, with a 50% increase 
in bleb area over the mean controls instead of a 
20 % increase as the critical response, yielded a 
similar picture (Table 6). Unlike the method of the 
Glaxo workers, no standard preparation is included 
in each test, and therefore analysis requires the 
construction of a standard log dose-response curve 


Table 6 . Comparison of results of assays based on measurements of 20 % 
and of 50% increases in area of bleb 



Viscosity- 

D.TJ.* (20% mcrease)/ml. 

D.TJ.* (50% mcrease)/ml. 

Enzyme preparation 

, - 

units/mi. 


D.XJ./V.it.U.* 


D.TJ./V.B.U.’^' 

Streptococcus C 7 (purified) 

12 

750 

63 

500 

42 

Standard testis 


2,000 

69 

2,000 

69 

01. welchii (eluate) 

■ ■■ ■5 7 , 

4,000 

70 

2,000 

35 

01. welchii (crude) 

57. 

8,000 

140 

2,000 

35 

Testis P.M. 

125 

8,000 

64 

4,000 

33 

Streptococcus A 4 

93 

10,000 

107 

5,000 

53 

Streptococcus C 7 (crude) 

■ 225 

10,000 

■44 

10,000 

44 

Testis G 3 

1,280 

200,000 

156 

100,000 

77 


Two assays 


50,000 

38 

01. welchii 74 

15,150 

800,000 

52 

200,000 

13 

* D.U. 

Giaxo-diffusing unit. 

v.E.u. viscosity-reducing unit. 
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for guinea-pigs under the conditions described. This 
was attempted, using the figures obtained in ali the 
various assays performed, but the resulting' values 
for the slope of the best straight line (b) were so 
divergent as to render further calculation useless. 
It iS' perhaps surprising, in these circumstances, 
that the method should give results which are 
apparently more consistent with other properties 
of the preparations used. We have been imable to 
arrive at any satisfactory explanation of the differ- 
ence between the tests, and can only offer a ten- 
tative suggestion that, for the biological assay of 
D.F., the guinea-pig is a more satisfactory animal 
than the rabbit. 


SUMMARY 

A method is described for assaying the activity of 
diffusing -factor preparations in the skin of guinea- 
pigs, whereby twofold differences in activity can be 
distinguished. This method, which is based on the 
determination of the least amount required to pro- 
duce a 20 % increase in bleb area, gives reasonable 
agreement with assays of the hyaluronidase content 
of the same preparations, when this is estimated by 
the reduction of the viscosity of hyaluronic acid. 

I wish to acknowledge the assistance of Mr C. W. Hale 
who suggested the investigation of this method of test and 
collaborated throughout. 
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A Method for the Estimation of Glucose -1 -phosphate 
and Galactose -1 -phosphate in the Liver 

By H. W. KOSTERLITZ and CAROLINE M. RITCHIE (Carnegie Research Scholar), 

From the Physiology Department^ Marischal Gollege^ University of Aberdeen. 

{Received 14 November 1942) 

The estimation of glucose- 1 -phosphate and galac- the removal of the interfering substances, viz, inor- 
tose-1 -phosphate in solutions containing only small ganic P, reducing substances, and glycogen, 
quantities of inorganic phosphate and reducing A description of the method as it has been used 
substances does not offer any particular difficulties, for the determination of the hexose-1 -phosphates 
Both esters are readily hydrolysed by acid and the present in the livers of rats fed with glucose or 
liberated inorganic P and hexose can easily be galactose will be followed by a critical examination 

determined [Cori & Cori, 1937; Kosterlitz, 1938]. of the various steps involved in the determination. 

In the liver, however, relatively large quantities of 

inorganic P (about 30 mg. P/100 g. liver) and eon- METHODS 

siderable quantities of reducing substances (corre- The excised liver is rapidly washed free from ad- 

sponding to 300 mg. glucose/100 g. liver) make it herent blood, dried between filter paper, and cut 

difficult to determine such small quantities of into 4r-5 pieces which are immediately immersed in 
hex6se-l -phosphates as may be expected to be pre- liquid oxygen. When frozen, 5 g. or more are 
sent. The acid-soluble organic P fraction obtained weighed and transferred to an ice-cold mortar eon- 
from rabbits’ livers during galactose assimilation taining 20 ml. 5 % ice-cold CCI3.COOH and some 
contained only 5-'12 mg. galactose or 0*9-2 mg. P/ acid-washed sand. Throughout the procedure, when- 
100 g. liver as galactose- 1-phosphate and less than ever the reaction is acid, all glass vessels and 
1 mg. glucose or fi*17 mg. P/100 g. liver as glucose- reagents are kept as near 0° as possible. After the 
1 -phosphate [Kosterlitz, 19396], Furthermore, the liver has been thoroughly ground, additional 5% 
glycogen present in the liver yields glucose on acid CCla-COOH is added in quantity such that each 
hydrolysis and also interferes with the fractionation 10 ml. of the final extract represent 1 g. of wet liver, 
of the soluble and insoluble Ba salts. For these In these experiments the water content of the liver 
reasons, a preliminary step in the estimation of the has been assumed to be 80 % of the liver weight. 
Testers in trichloroacetic acid extracts of liver is Therefore, a total of 9*2 ml. 5% CCI3.COOH/I g. 
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liver, has been added. The liver and the acid are 
once more well mixed and allowed to stand for 
3--5 min. Then, the pulped tissue and sand are 
centrifuged down at 3000 r.p.m. for 3 nun. To as 
large a measured sample of the clear supernatant fluid 
as possible are added one drop of 0*5% alcoholic 
thymolphthalein solution, a measmed quantity of 
40% NaOH, and finaUy of iV/2 NaOH, drop by 
drop, until the solution just turns blue. Then for 
each mi. of the original CCI3.COOH extract, 0-1 ml. 
of freshly prepared and filtered 10% mercuric 
acetate solution is added. After 20 min. standing 
at 0°, the Hg precipitate is centrifuged off. If the 
supernatant fluid is not absolutely clear, it is filtered 
through an acid-washed paper (Whatman no. 541). 
The excess of mercmic acetate is removed from a 
measured sample by means of HgS. The HgS, which " 
has adsorbed the glycogen, is filtered off and washed 
4 times with 2 ml. H2O. The combined filtrate and 
washings are aerated for 20 min. One drop of 0-5 % 
thjunoiphthalein solution is added and then finely 
powdered Ba(OH)2 until the solution just turns blue 
(about 0*32 g,). The pH is adjusted, if necessary, 
with a drop of 5% CCI3.COOH or JV/2 NaOH. 

3 vol. redistilled ethanol are added, and the flask 
stoppered and allowed to stand at 0*^ for 2 hr. The 
precipitate is then quantitatively collected in a 
50 ml. cup by repeated centrifuging and the flask 
finally washed out 4 times with S—lOml. of 75% 
ethanol. The precipitate in the centrifuge tube is 
dried for 15 min. in vctcuo oyer CaCl2, and after 
addition of 2-5 ml. H2O is well broken up with a 
fine glass rod; the rod is washed with 0*5 ml. HgO, 
and the tube centrifuged for 3 min. at 3000 r.p.m. 
The supernatant fluid is transferred to another 
50 ml. centrifuge tube. This extraction is repeated 
twice, the supernatant fluids being added to the fluid 
from the first extraction. 3 vol. ethanol (27 ml.) 
are then added to the combined extracts, and the 
centrifuge tube is stoppered and allowed to stand 
overnight at 0°. After centrifuging, the precipitate 
is dried in vacuo over CaClg for 40 min. The pre- 
cipitate is then dissolved in 5-0 ml. 0*1 W HCl; 
5*0 mi. 0*4iV' H2SO4 are added and the BaS04 centri- 
fuged off. The supernatant fluid is transferred to a 
Pyrex test tube. Inorganic P is estimated in 1 ml. 
and the reducing power before hydrolysis in 2 ml. 
3*75 ml. are transferred to another Pyrex tube, 
which is stoppered, and hydrolysed at 50® for 
30 min. The remainder nf the fluid in the original 
tube, which is fitted with an aic condenser, is hydro- 
lysed at 100° for 3 min. Of the hydrolysed solutions 
2 ml. were used to estimate increase in reducing 
power, as previously described [Kosterlitz, 1939 a], 
and 1 ml.^to estimate increase in inorganic P by a 
modified Fiske <fc Subbarow [1925] procMure. The 
volume of the reaction mixture was 1*17 ml. with 
P contents from 1 to 12p,g. 


Examples: 

(1) Liver from a rat fasted for 24 hr. 


Liver weight: 7-36 g. 

Sample of CCI3.COOH extract 63-0 ml 
NadH 1*52 ml. 

10% mercuric acetate '' 6*3 ml. 

Total volume 70*82 ml. 


Sample used after centrifuging =65*0 ml. =5*79 g. hver. 
The final precipitate of the organic P was dissolved in 
10 ml. 0*25 iV acid. 


1 ml. (=0*579 g. liver) contained: 


Before hydrol. 

After 3 min. hydrol. at 100° 

After 30 min. hydrol. at 50° 


2*01 pg. inorg. P 
2*70 pg. inorg. P, i.e. an in- 
crease of 0*69 pg. 
2*22 pg. inorg. P, i.e. an in- 
crease of 0*21 pg. 


The increases in P. calcu- 
lated/100 g. liver were 0-119 mg, 

and (?*<?3dmg. (=30*3%) 
respectively 

The reducing power, calculated as glucose, of 2 ml. 

( = 1*158 g. liver) was: 

Before hydrol. 41*5pg. 

After 3 min. hydrol. at 100° 58*0pg., i.e. an increase 

ofl6*5pg. 

After 30 min. hydrol. at 50° 47*5pg., i.e. an increase 

ofOpg. 

The increases in reducing power calculated as glucose/ 
100 g. Hver were 1-4:3 and 0-52 mg. ( =36*4%) respectively. 
The reducing power before hydrolysis (‘initial reduction’)/ 
100 g. hver was equivalent to 3-59 mg. ‘glucose’. 


(2) Liver from a rat fed 1*5 ml. 60% galactose 
solution/100 g. body weight after a 24 hr. fast, and 
killed 2 hr. afterwards. 


Liver weight : 5*40 g. 

Sample of 0013. COOH extract 45*0 ml. 

NaOH 1*15 ml. 

10 % mercuric acetate 4*5 ml. 

Total volume 50*65 mi. 


Sample used after centrifuging =45 ml. =4*00 g. liver. 
The final precipitate of the organic phosphates was dis- 
solved in 10 ml. 0*25 A acid. 

1 ml. (=0*400 g. liver) contained: 


Before hydrol. 

After 3 min. hydro!, at 100° 

After 30 min. hydrol. at 50° 

The increases in P calcu- 
lated/100 g* hver were 

and 


2*70pg. morg. 

5*36pg. inorg. P, i.e. an in- 
crease of 2*66 pg. 
4*57pg. inorg. P, i.e. an in- 
crease of 1*87 pg. 

0-665 mg, 

0-468 mg. (=70*3%) 
respectively 


The reducing power, calculated as glucose, of 2 ml. 

(=0*800 g. liver) was: 

Before hydrol. 90*5 pg. 

After 3 min. hydrol. at 100° 125*5 pg, i.e. an increase of 

35pg. 

After 30 min. hydi*ol. at 50° 114*0pg., i.e. an increase of 

23*5pg. 

The increases in reducing power calculated as glucose/ 
100 g. hver were 4-38 and 2-94 mg. ( =67*2 %) respectively. 
The initial reduction was 11-3 mg. ‘ glucose ’/lOO g. hver. 



ESmiATION OF HEXOSE-l-PHOSPHATES ' IN LIVER 

for 


Certain corrections have to be introduced: 
these see the recovery .experiments. 

The significance of the various values obtained 
will be discussed later: here the following points 
may suffice. 

The ‘initial reduction ’ is an approximate measure 
of the quantity of equilibrium ester (hexose-6- 
phosphate) present. Both glucose- 1 -phosphate and 
galactose- 1 -phosphate are completely hydrolysed 
by a mixtm’e of 0*05N HCl and 0’2N HgSO^ at 100° 
in 3 min., while hydrolysis at 50° for 30 min. splits 
28*6% of the glucose -1 -phosphate present and 
77-5% of the galactose- 1 -phosphate present. 

EXAMINATION OF THE METHOD 

Acid hydrolysis of glucose- 1 -phosphate 
and of galactosc’l -phosphate 

1. At 100\ 

(1) Glucose- 1 -phosphate, prepared according to 
Hanes [1940] is hydrolysed: 

[a] in 0-1 iV H2SO4 at 100'^ to the following extents : after 
2 min. 81-8%, after 3 min. 94-7%, after 5 min. 99-3%; 

{h) in a mixture of 0*05 iV" HCl and 0*2iV'H2SO4 at 100°: 
after 2 min. 98*5 %, after 3 min. ,100 % . 

(2) Galactose- 1 -phosphate is completely hydro- 
lysed after 2 min. in 0-09N H2SO4 at 100° [Koster- 
iitz, 1939 a]. 

For the estimation of the sum of the two esters, 
hydrolysis in a mixture of 0*05 N HCl and 0*2 iV 
H2SO4 at 100° for 3 min. has been adopted. The 
HCl is necessary to ensure solution of the Ba salts 
before the Ba is precipitated with H2SO4. 

Table 1. Hydrolysis at 60^ 

(1) Hydrolysis of glucose- 1 -phosphoric acid. 

Concentration of ester 0*75 m.-molar 


Time 

min. 

Glucose 

formed 

0/ 

/o 

h X 10^ 

Inorg. P 
formed 
% 

h X 10^ 

15 

15*6 

4*91 

15*5 

4*88 

30 

29*0, 

5*01 

. 28*9 

5*00 

45 

40*1 

4*92 

40*6 

5*21 

60 

49*3 

4*83 

48*6 : 

4*19 


Average 

4*92 


4*82 


Percentage of hydrolysis after 30 min., calculated for 
k^4:47 28 - 65 %. 

(2) Hydrolysis of galactose- 1 -phosphoric acid. 
Concentration of ester 0*965 m.-molar 


11. At50\ 

The acid used consists of a mixture of 0*2N 
H2SO4 and 0*05xV HCl (Table 1). 

After 30 min. the ratio hydrolysed galactose- 1- 
phosphorie acid/hydrolysed glucose - 1 -phosphoric 
acid is 2*72/1. If the values for P and for reducing 
power for the total hydrolysis (3 min. at 100°) and 
for the partial hydrolysis (30 min. at 50°) are known, 
the quantities of tlie two esters can be calculated 
(Table 2). 

Table 2. Ratios of hydrolysis percentages at 50° and 

100° of mixture of glucose-1 -phosphate and galac- 


Time 

Galactose 

formed 


Inorg. P 
formed 


min. 

O'' 

/o 

k X 103 

% 

kx 103 

15 

51*2 

20*8 

49*8 

• 20*0 

30 

78*2 

23*3 

76*8 

22*3 

45 

89*4 

20*9 

89*2 

22*1 


Average 

21-7 


21*5 


Percentage of hydrolysis after 30 min,, calculated for 
ib = 21*6xl0-3: 77-5%. 


lose- 1 -phosphate 



50° value 





100° value 

Mixture of 


50° value 

calculated 


-A ^ 


100° value 

• from 

Glucose- 

Galactose- 

Ester hyd. 

calculated 

reducing 

1 -phos- 

1 -phos- 

at oO 

from im- 

power ex- 

phate 

phate 

Ester hyd. 

corrected 

pressed as 

% 

/o 

at 100° 

P values 

‘glucose’ 

100 

0 

0*286 

0*286 

0*286 

80 

20 

0*384 

0*378 

0*364 

60 

40 

0*482 

0*472 

0*451 

40 

60 

0*579 

0*568 

0*547 

20 

80 

0*677 

0*665 

0*654 

b 

100 

0*775 

0*765 

0*775 


Note. The values in column 4 are necessitated by the 
fact-Jihat 4*5% of the galactose- 1 -phosphate present is 
hydrolysed during the pmcess of analysis (see note to 
Table 3), and the values in column 5 by the fact that 
galactose has only 76*3% of the reducing power of glucose. 

Removal of glycogen. A small proportion of the 
glycogen comes down with the precipitate due to 
the addition of mercuric acetate but most is precipi- 
tated along with the HgS after passing H^S through 
the filtrate. Up to 2 % liver glycogen is removed 
in this way. HgS prepared from HgClg and HgS 
has been used by Flock, Bollman & Mann [1936] 
for the removal of glycogen. 

Effect of mercuric acetate. Mercuric acetate, when 
added to the neutralized CCI3.GOOH extract, pre- 
cipitates, amongst other compounds, phosphoric 
esters containing nitrogenous bases, and conse- 
quently the removal of the Hg-precipitate has the 
following effects: (1) It decreases the 'initial re- 
duction’ of purified phosphates by about 75%, 
e.g. from 61*3 mg./lOO g. liver to 14*7 mg. (2) It 
decreases the labile P (3 min. 100°) considerably, 
from 0*55 mg. % P (6 exps.) to 0*09 mg. % (10 
exps.). (3) It has no infiuence on the increase in 
reduction after 3 min. hydrolysis at 100°. 

Mercuric acetate also precipitates bile pigments 
so that a-eolourless filtrate is obtained. 

Removal of inorganic phosphate. This can be done 
either (1) by precipitating it at^H 9*5* as BaHPO^ 

* jpH 8*4 is firequeutly used for the separation as Ba salt 
of inorganie P from, organic phosphates ; we found this to 
be insufficiently alkaline, and therefore used thymol- 
phthalein as indicator which just turns blue at^H 9*5. 
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from tlie filtrate, after aerating to remove HgS; 
removing it by centrifuging and adding 3 vol, 
etliaiioi to precipitate the organic phosphates, or 
(2) as described above, by precipitating the organic 
and inorganic pliosphates together with 3 voL 
ethanol, drying the precipitate, and then extracting 
the organic phosphates. The initial reduction is 
lower with method (2) than (1), and the increase in 
reduction in preparations from livers of fasted rats 
after acid hydrolysis with method (2) is only one- 
third to one-half of that wdth method (1). Recovery 
of added galactose- 1 -phosphate is the same with the 
two methods, and since smaller blank values are 
obtained with method (2) than wdth method (1) 
the former has been adopted. 

Since BaHPO^ is sparingly soluble in water, small 
quantities of inorganic P are always found; the 
average of 13 exps. was 0*55 mg. P/ 1 00 g. liver, 
ranging from 0*35 to 1*03 mg. P. If more v^ater is 
used for the extraction or the precipitate extracted 
more than 3 times, the values for inorganic P in- 
crease considerably. Extraction with 3 ml. HgO, 
repeated twice, is sufficient. Actually the recovery 
of added galactose- 1 -phosphate (10*06 mg. P to 
30 ml.) from the filtrate after HgS precipitation was 
88*5 and 100% if the precipitate was extracted 
5 times with 5 ml. HgO, and 99 % when successively 
extracted with 3*5, 2*5 and 1*6 ml. HgO. 

Significance of Hnitial reduction \ Although it is 
likely that the ‘initial reduction' is a measure of 
the amount of equilibrium ester {hexose-6-phos- 
phates) present, there is so far no direct proof of 
this assumption. Relatively large amoimts of gly- 
cerol phosphates are present in liver which make it 


difficult to estimate the P corresponding to the 
‘initial reduction’. The findings of Cori & Cori 
[1931-2] suggest that, under' the conditions of our 
experiments, the recovery of hexose-O-phosphates 
may not be quantitative: the pti may be too 
alkaline and extraction may not dissolve all the 
6-phosphates present. 

Recovery of galactose -phosphate and glucose- 1- 

pjhosphate added to trichloroacetic acid extracts 

of liver 

Example 1. 2 ml. galactose- 1 -phosphate solution 
containing 0*114 mg. P were added to 40 ml. extract 
(test solution). 1 ml. NaOH was needed for neu- 
tralization and 4 ml. 10 % mercuric acetate solution 
were then added. After centrifuging, a sample of 
40 ml. was used. The final volume was 10 ml. ; 2 ml. 

( = 112 fig. galactose) were used for the estimation 
of reduction and 1 ml. ( = 9*7 jug. P) for that of P. 
Another 40 mi. were treated similarly with the 
exception that 2 ml. HgO were added instead of the 
galactose- 1 -phosphate solution (blank solutiozi) 
(Table 3). 

Example 2. 1 ml. galactose- 1 -phosphate solution 
containing 0*0527 mg. P and 1 mi. glucose- 1 -phos- 
phate solution containing 0*0524 mg. P were added 
to 40 ml. extract. This mixture was treated in the 
same way as the galactose- 1 -phosphate solution of 
example 1 (Table 4). 

The results of several recovery experiments are 
summarized in Tables 5 and 6. The standard errors 
of the means of the recoveries and of the ratios 
50° value/100° value were calculated according to 
the directions given by Burn [1937], 


Table 3. Recovery of galactose- 1 -phosphate 


Blank Test Increases in test 

solution solution after deduction 

‘ glucose ’ ‘ glucose ’ of blank ‘ glu cose ’ 

orP orP orP 50’^ value 

Jig. Jig. fig. 100° value 


(1) Reduction (in 2 ml.sll2/Ag. galactose =85* 5 /^g. ‘glucose’) 


Before hydro!. 28-5 28 

After 3 min. hydro!, at 100° 38*5 105 

Increase -flO 477 

After 30 min. hydrol. at 50° 33 83 

Increase +4-5 +55 


+ 67 
+ 50*5 


(calc, from Table 2: 0*775) 


Recovery 

% 




(2) Phosphorus (1 ml. =9*7 fig.) 


Before hydrol. 

2*86 

4*f7 

After 3 min. hydrdl. at 100° 

2*86 

11*81 

Increase 

0 

+ 7*04 

After 30 rain, hydrol. at 50° 

2*43 

10*08 

Increase 

-0*43t 

+ 5*31 


After correction**' 
with /= 1*05 

+ 7*04 76*2 

■ 0*766 

+ 5-31 (calc, from Table 2: 0*765) 


* This correction is necessitated by the great sensitivity of galactose- 1 -phosphate to acid. Under the conditions of 
these experiments, 4*5% of the ester present is hydrolysed by the analytical procedure alone, therefore the factor for 
correction is 1*00/0*955 = 1*05. The factor for the 50° value is 0*775/0*73 = 1*06. The amount of glucose- 1 -phosphate 
hydrolysed during the analysis is so small as to make a correction unnecessary in the present experiments, 
t Occasionally small negative values have been observed after 80 min. hydrolysis at 50° ; they have been neglected. 
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Before hydi’ol. 

x4fter 3 min. liydroL at 100° 

Increase 

After 30 min. hydro!, at 50° 
Increase 


Table 4. 


Blank 
solution 
‘glucose’ 
or P 

(1) Eeduction (in 2 mL = 
44*5 


Test Increases in test 
solution after deduction 
‘ glucose ’ of blank ‘ glucose ’ 
orP orP 

/xg. f^g- 


50° value 


55-5 
+ 11 
53-5 
+ 9 


100° value 

:51*7jLtg. glucose + 52- IjLtg. galactose=91*5/xg. ‘glucose’) 
37-5 
121 

+ 83-5 +72-5 

80 0'462 

+ 42*5 +33*5 (calc, from Table 2: 0*498) 

(2) Phosphorus (1 ml. =8*95 /xg.) 


Recovery 

0 / 

/o 


79'S 


Before hydrol. 

1*99 

2*26 


After 3 min. hydrol. at 100° 

2*30 

8;57 


Increase 

+ 0*31 

+ 6*31 

+ 6-0 

After 30 min. hydrol. at 50° 
Inorease 

1*91 

0 

5-23 
+ 2*97 

+ 2*97 


After correction 
with / = 1 *02 
6S-5 


0^495 

(calc, from Table 2: 0*520) 


Table 5. Recovery of glucose- 1 -phosphate 
2*65-3*1 mg. ester P/100 g. liver 


Amount of ester P 
added to extract 
mg./40 ml. 

( =4 g. liver) 

0*106 

0*111 

0*111 

0*124 

Mean 

Coefficient of variation (%) 


Glucose 
liberated in 
3 min. at 100° 
% of calc. 

85*4 

88*2 

91*5 

83*3 


87*1+1*78 

2*04 


Glucose 
liberated in 
30 min. at 50° 
calc. =28*6 

23*5 

26*6 

25*0 

22*6 

24*4+0*88 

3-61 


50° value 
100° value 
calc. = 0*286 

0*276 

0*302 

0*273 

0*272 

0*280+0*0116 

4*15 


P liberated in 
3 min , at 100° 
% of calc. 

85*2 
75*5 ^ 
87*2 
81*0 

82*2+2*59 

3*15 


P liberated in 
30 min. at 50° 
calc. =28*6 
27*5 
18*6 
26*9 
21*4 

23*6+2*16 

9*15 


50° value 
100° value 
calc. =0*286 

0*323 

0*246 

0*309 

0*265 

0*287 +0*0278 
9*68 


Table 6. Recovery of galactose- 1 -phosphate 
{a) 2*68-2*85 mg. ester P/100 g. liver 


Amount of ester P 
added to extract 
mg./ml. 

0* 12/40 (=4 g. liver) 

0*12/40 

0*114/40 

Mean 


. Galactose 
liberated in 
3 min. at 100° 
% of calc. 

76*5 

84*5 

78*5 

79*8 +2*40 


Coefficient of variation (%) 3*01 


0*06/40 (=4 g. liver) 

0*06/40 

0*057/40 

0*0306/50 (=5 g. liver) 
0*0301/50 

0*0422/50 containing 
0*2% glycogen ( = 

2% diver glycogen) 

Mean 

Coefficient of variation (%) 


72*5 

72*5 

86*0 

95*0 

70*5 

69*0 


77*6+4*28 

5*51 


Galactose 
liberated in 
30 min. at 50° 
calc. =77*5 

56*6 

60*4 

58*7 

58*6+1*10 

1*88 


50° value 
100° value 
calc. = 0*775 
0*74 
0*715 
0*75 

0*735 +0*0261 
3*55 


P liberated in 
3 min. at 100° 
corrected 
% of calc. 

73*8 

83*6 

76*2 

77*9 +2*95 
3*79 


[h) 0*60-1*5 mg. ester P/100 g. liver 


52*0 

40*6 

64*3 

65*5 

70*5 

58*3 


58*5 +4*43 
7*57 


0*715 

0*56 

0*75 

0*69 

1*00 

0*845 


0*754+0*0705 

9*36 


69*8 

91*6 

80*9 

68*7 

75*1 

72*9 


76*5+3*50 

4*58 


P liberated in 
30 min. at 50°, 
corrected 
calc. = 77*5 
56*9 
61*0 
58*3 

^ 58*7+1*20 
2*04 


60*0 

70*9 

54-4 

54*1 

58*8 

49*1 


57*9+3*05 

5*27 


50° value 
100° value 
corrected 
calc. =0*775 
0*77 
0*73 
0*765 

0*755+0*0325 

4*30 


0*86 

0*775 

0*675 

0*785 

0*785 

0*675 


0*757 +0*0528 
6*98 
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In the reeo\’ery experiments tlie esters were added 
to liver extracts in propoi’tions similar to those 
fomid in determinations of these esters in livers of 
animals assimilatiitc? glucose or galactose. Approxi- 
mately 80% of the added esters were recovered; 
there \ras no significant difference between the 
recoveries of liexose and phosphorus. The ratios 
oO"" value/ lOO'^ value were sufficiently close to the 
calculated values. As was to be expected, the 
standard errors of the means were relatively high 
in the experhnents in which only 0*6--l’5 mg. ester 
P/100 g. liver was added. These facts have to be 
taken into consideration when experiments are 
designed. The limiting factors obviously are the 
methods used for the estimation of reducing power 
and of phosphorus. These difficulties are best over- 
come by increasing- the quantities of liver used for 
the estimation but, unfortunately, in the rat at 
least, this cannot easily be done, particularly when 
other substances, as, for example, glycogen and 
hexose, have to be determined simultaneously. 

SUMMARY 

1. Glucose- 1 -phosphate and galactose-1 -phos- 
phate are determined in trichloroacetic acid ex- 
tracts of rats’ livers. After removal of interfering 
reducing substances, i.e, nitrogenous phosphoric 
esters, bile pigments, and glycogen, by means of 
mercuric acetate and HgS, the organic phosphates 
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are separated from inorganic P as water-soluble 
barium salts. 

2. The reducing power of the organic phosphate 

fraction gives an approximate measure of the 
amount of hexose -6 -phosphates present. The quan- 
tity of glucose- 1 -phosphate and galactose-1 -phos- 
phate taken together is determined by the increase 
in reducing power and the amount of inorganic P 
liberated after hydrolysis in a mixture of 0*05 A 
HCl and 0-2 Y at 100" for 3 min. Incubation 

with 0*25iV acid at 50° for 30 min. hydrolyses 
28-6% of glucose- 1 -phosphate and 77-5% of galac- 
tose- 1 -phosphate. In a mixture of the two esters, 
the ratio 50° value/100° value is determined by the 
relative concentrations of the esters. 

3. In experiments with addition of known quan- 
tities of ester to CCI3.COOH extracts of liver, 
84*5% of added glucose- 1 -phosphate (2*65~3*1 mg. 
P/100 g. liver), 79% of added galactose- 1 -phosphate 
(2‘68-~2'85 mg. P/100 g. liver), and 77% of added 
galaetose-l-phosphate (0-6-l-5mg. P/100 g. liver) 
were recovered. The ratios 50° value/100° value did 
not show any significant deviation from the ex- 
pected values. The significance of the standard 
errors of the means of the results for the recovery 
of added material is discussed. 

The exxifases of this research were partly defrayed by a 
grant (to 5 . W. K.) from the Medical Research Council 
and a grant from the Royal Society, to whom grateful 
acknowledgement is made. 
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An Improved Method for the Fractionation of 

Protein Mixtures by Electrophoresis 

By H. GUTFRBUND, “From the Department of Biochemistry, University of Liverpool 

{Eeceived 25 Nove7nber 1942) 


The application of the electrophoresis technique to 
the problem of analysing protein mixtures was 
greatly refined by Tiselius [1937 a, 6], who used the 
method particularly for the analysis of serum pro- 
teins. Since then it has been used by a variety of 
workers, Ivekwick & Record [1940], for instance, 
having applied it to the isolation of the biologically 
active globulins from immune horse serum. Al- 


though the method is of great value, only relatively 
small quantities of proteins can be separated by it 
and at a high cost. Moreover, attempts to increase 
the yields have met with considerable difficulties 
[Philpot, 1940]. 

In their purification of a variety of colloids by 
electrodialysis between two semi -permeable mem- 
branes, Pauli, Stamberger & Schmidt [1937] ob- 
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served tlie formation, in. the fluid .within the 
membrane cell, of superposed layers of different 
colloids [cf.- Blank & Valko, 1928]. This is caused 
by the colloid particles’ migrating to the membrane 
and concentrating at its surface. If the current 
density is not too great the colloidal particles are 
then more under the influence of gravity than of 
the electric field, and they move along the vertical 
face of the membrane, downwards if their specific 
gravity is greater than that of the dispersion me- 
dium, or upwards if it be less. These findings were 
applied to the concentration of rubber latices by 
Pauli et al, [1937]. 

It seemed that it might be possible to apply the 
method to the separation of protein mixtures. Thus, 
if the electrodialysis of a mixture were carried out in 
a buffer solution at the pH of the isoelectric point 
(i.E.p.) of one particular protein, imder suitable 
conditions of current density and of time, the other 
proteins would move to one or other of the mem- 
branes and there concentrate in the lower layers, 
thus leaving the required protein in solution in the 
upper layers. This could then be removed from the 
cell by appropriate means. By repeating the process 
at different pH’s it should then be possible, by 
successive treatments, to resolve the mixture into 
a series of electrically homogeneous constituents. 
This process we designate ‘electrodecantation’. 

METHODS 

Fig. 1 shows the elevation, through the middle of 
the glass parts, of the apparatus. It consists of 
two outer glass cells A, the circular open ends 
of which ai-e covered by cellophane membranes 
(7; the closed cells so formed are separated from 



Fig. 1. Longitudinal section of electrodecantation cell. 

each other by a short cylinder of glass, so that 
when clamped together, the middle ceil B is formed. 
The inner radius of the ends of the cells A, which 
carry the membranes, is 11 cm., and the distance 
from the membranes to the imier siuface of the 
rubber bungs D, through which the electrodes are 
inserted, is 9 cm. ; the width of the glass cylinder 


separating the outer cells from each other is 1*8 cm. 
Each electrode, consists of a circular carbon disk 
of diameter 9 cm. and is connected to a 12 V. 
battery by a carbon rod F, passing through the 
rubber bungs D; a voltmeter and an ammeter are 
included in the circuit. For clamping the apparatus 
together two vertical boards of hard wood, 18 x 
22 cm., (t, are used, the shorter edge being used as 
the base ; these boards also serve as a stand for the 
apparatus. Each has a cipcular hole of diameter 
7 cm., the lower edge of which is 11 cm. from the 
base, so that the neck of the cells A may be in- 
serted. Four bolts, 15 cm. long, passing through 
the two wooden boards, are used to clamp the 
apparatus, by pressrue on the outer surface of the 
cells A , heavy rubber washers being inserted between 
the boards and the glass surface of the cells A to 
prevent fractiue; thin rubber washers of width 
1 cm. are placed between cells A and B. 

Holes in the cells A, through which the buffer 
solutions may be introduced or withdrawn, are 
provided at H, while holes for the introduction and 
removal of the protein solutions are provided in the 
middle cell B at and Jg* 

Investigation of method 

For test purposes a mixture of ovalbumin and 
haemoglobin was used. The ovalbumin was pre- 
pared by dissolving pmified egg albumin (B.D.H., 
Ltd.) in distilled water, filtering and adding to the 
filtrate an equal vol. of sat. (NH4)2S04 ; after stand- 
ing overnight at 0°, the mixture was filtered and 
dialysed against distilled water. When free from 
(NH4)2S04 the albumin solution was dia’lysed 
against a suitable buffer of the pH required in each 
particular experiment. 

The haemogiobm was prepared by haemolysis of 
human red cells which had been washed well with 
isotonic saline. The concentrated crude solution was 
precipitated with sat. (NH4)2S04, dialysed first 
against distilled water, and then against buffer 
solutions of the required pH, as described for the 
albumin. 

The buffer solutions used throughout consisted 
of suitable mixtures of 0'2M NaHaPO,! and 0-lM 
citric acid. The electrolysis w^as carried out at 0° af 
a potential of 1 V./crn. with a ciuTent of 0*8 amp.; 
the duration of each run was 6 hr. It was found by 
a series of experiments with haemoglobin solutions 
that at pH 5, after 6 hr. of electrodecantation, the 
upper one-third of the solution in the middle cell w^as 
free from haemoglobin ; a similar result was obtained 
with egg albumin solutions at pH 7. 

RESULTS 

After the preliminary experiments, the separation 
of haemoglobin from egg albumin was investigated. 
Solution^ of haemoglobin and egg albumin were 
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I prepared :as described, and, these were finally 

I dialysed against several changes of buffer at the 

[ approximate ,i.e,p. of haemoglobin, i.e. pH 6*8. 

Total N was determined on each solution, and the 
‘I protein concentration was taken as 6*25 x N. Suit- 

able volumes of each solution were then mixed 
together to yield a solution containing 1*1% 
haemoglobin and 0-9 % albumin. The solution was 
submitted to electrodecantation at pH 6*8, under the 
conditions already described. After 6 hr. the middle 
cell (capacity 240 ml.) was emptied by running out 
twelve 20 ml. portions very slowly from the tap 
at Jg. The total protein content of all the fractions 
so obtained was determined by Kjeldahl nitrogen 
estimation, the haemoglobin in each fraction being 
estimated colorimetrically against a standard pre- 
pared from the original haemoglobin solution. The 
concentration of albumin and haemoglobin in each 
fraction was then calculated. In Table 1 the first 
fraction (from the bottom of the cell) is numbered 
12, while 1 represents the last 20 ml. from the top 
of the cell. 

Table 1 shows that fractions 1-4 were completely 
free of albumin, and that a progressive increase in 
the albumin concentration occurred as the bottom 
of the cell was approached, the last fraction con- 
taining 2*5 g./lOO ml. of this protein* In 6 hr. it is 

Table 1. Concentration of albumin and haemoglobin 
at different levels in the cell 


No. of 

Albumin 

Haemoglobin 

sample 

g./lOO ml. 

g./lOO ml. 

1 (top of cell) 

0-0 

M 

2 

0*0 

M 

3 

0*0 

M 

4 

0*0 

1*1 

5 

0-2 

M 

6 

0*4 

M 

7 

1*4 

1*0 

8 

1*7 

0*8 

9 

2*1 

0*8 

10 

2*4 

0*8 

11 

:2-4 

0*8 

12 (bottom of ceil) 

2*5 

0*8 


possible thus to free one-third of the cell contents 
from albumin, and so to obtain one-third of the 
haemoglobin as an electrochemically homogeneous 
fraction. It had been anticipated that the haemo- 
globin concentration would remain constant in all 
12 samples. Actually, as Table 1 shows, the frac- 
tions 1-6 retained the original concentration of 
1-1 g./lOO mi., fraction 7 was lower, i.e. 1-0 g./ 
100 ml., while the remaining 5 fractions contained 
0*8 gflOO ml. giving an average concentration of 
0-96 g./lOOmL, an apparent loss of about 13% of 
the original haemoglobin. This apparent loss was 
due to precipitation. When the haemoglobin con- 
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tent of each fraction was estimated on the cleared 
solution the precipitated haemoglobin remained 
imestimated ; it was included, however, in the 
total N content, which was determined on a well- 
shaken sample. Thus in Table 1 the figures for 
albumin in the lower fractions are slightly higher 
than they should be. 

The reason for the precipitation of a small frac- 
tion of the haemoglobin is not clear. The pH. at 
which the electrodecantation was carried out was 
deliberately chosen to be slightly on the alkaline 
side of the i.b.p., and doubtless there was a slight 
migration of the haemoglobin under these condi- 
tions with a subsequent precipitation of a small 
part of it. 

Biscussioisr 

Although the methodi s still in the experimental 
stage, these results indicate that it should be ap- 
plicable to many biological problems where the 
isolation of homogeneous protein fractions is in- 
volved. Thus, at the present time, it is being used 
for the separation of the biologically active globulins 
of immune horse serum. The apparatus is simple, 
and considerable quantities of material can be ob- 
tained rapidly at a low cost. There is, moreover, 
no theoretical reason why the apparatus should not 
be greatly enlarged, with a corresponding increase 
in output. The apparatus may be improved by the 
introduction of modifications to allow a continuous 
change of buffer solution in the outer cells, and by 
the provision of suitable taps, placed at different 
levels in the central compartment, to facilitate the 
removal of successive layers of the cell contents at 
the close of an experiment. 

The optimum conditions of pH, time, and current 
density, for separation of different protein mixtures 
requires individual investigation. 

SUMMARY 

1. A preliminary description of a new method 
for the separation of protein mixtures is described. 

2. The method, which depends on electro- 
phoresis, possesses an advantage over the method 
of Tiselius in that it makes possible the preparation 
of considerable quantities of electrically homo- 
geneous protein fractions. 

3. The application of the method to the separa- 
tion of mixtures of albumin and haemoglobin is 
described. 

The author is indebted to Mr E. A. Murpby and the 
Dunlop Rubber Go., Ltd., for the loan of a glass electro- 
dialysis apparatus. His sincere thanks are due to Prof. 
H. J. Channon for hospitality in his laboratory as well as 
for his invaluable advice, criticism and help throughout 
this work. 


Vol. 37 


ELECTROPHORETIC FRACTIONATION OP PROTEINS 


REFERENCES 


Biank, F. & Valko, E. [1928]. Biockem. Z. 195, 220. 
Kekwick, E. A. & Record, B. R. [1940]. Brit. J. exp. Path. 
22, 29. 

Pauli, W., Staniberger, P. & Schmidt, E. [1937], British 
Patent Specification 492,030 (Semperit Rubber Go.). 


Philpot, J. St L. [1940]. Trans. Faraday Soc. 36, 
38. 

Tiselius, A. [1937 a]. Trans. Faraday 8oc. 33, 524. 

[19375]. Biockem. J. 31, 1464. 


The Reaction of Heparin with Proteins and Complex Bases 


By L. B. JAQUBIS, From the Department of Physiology, University of Toronto 


{Received 1 December 1942) 


Owing to its strongly acid nature, heparin forms 
stable salts with many proteins, examples of which 
have been reported by a number of workers, e.g. 
Reiner & Kopp [1928], Fischer [1931], Chargaff & 
Olsen [1937], and Scott & Fisher [1942]. The general 
nature of the reaction was first indicated by Fischer 
[1935] and Fischer & Astrup [1935] who studied 
its kinetics. While other examples of the reaction 
are now being reported, many authors appear to 
have overlooked these important contributions by 
Fischer, and in particular his finding that the reac- 
tion is a simple salt formation in which reversible 
dissociation of the salt occurs according to the mass 
law [Fischer & Astrup, 1935]. This latter point 
means that data may be analysed more thoroughly 
than hitherto, and that confusing results have fre- 
quently a simple physico-chemical explanation. 
During studies on heparin, the author has frequently 
confirmed Fischer’s original observations in experi- 
ments carried out as controls for other studies. 
These findings, and the results of other experiments, 
are reported in this commimication. 

Three principles are available for the demonstra- 
tion of the reaction of heparin with proteins. These 
are: (1) direct observation of the formation of the 
compound, e.g. precipitation of the gelatin-heparin 
compound when the two solutions are mixed; 
(2) the alteration in the properties of the protein, 
e.g. the shift in the isoelectric point (i.e.p.) of 
casein; the decrease in precipitability of serum 
globulin by alcohol, heat, and other precipitating 
agents [Fischer, 1935]; loss of activity by fumarase 
[Fischer & Herrmann, 1937]; (3) alteration in the 
properties of heparin, e.g. loss of dialysing power 
with egg albunain [Fischer, 1935] and loss of anti- 
coagulant activity with protamines [e.g. Fischer, 
1935; Chargaff & Glsen, 1937]. In our experience, 
it is necessary to choose a suitable method for each 
protein. 

Failure to observe compound formation does not 
necessarily indicate that it has not occmTed. Thus 


when the heparin -protein compound is soluble under 
the conditions of the experiment (e.g. protamine in 
the presence of plasma) precipitation of the com- 
pound cannot be observed. The reaction can, 
however, still be detected by suitable indirect 
means (in this case by the loss of anticoagulant 
activity of the heparin). 

Fischer indicated that a stoichiometric relation- 
ship existed between heparin and thromboplastin 
(and that presumably this extended to other pro- 
teins). Fischer & Astrup [1935] investigated this 
stoichiometric relationship more fully and found 
that the reaction could be represented as 

Protein + heparin = protein-heparin. 


From the mass law, 


^protein ^ ^heparin 


protein -lieparia 


Then, if a be the concentration of protein added, 
c the concentration of free protein, and h the con- 
centration of added heparin, a — c is the concentra- 
tion of the product formed by the reaction, b — {a — c) 
is the concentration of free heparin, and 
^^c{b-(a-o)} 


Fischer & Astrup [1935] obtained satisfactory 
agreement with this equation for the mutual inter- 
action of thromboplastin and heparin" on hen 
plasma. The author has also found this to give good 
agreement for the reaction of heparin with casein, 
protamine, and toluidine blue, a non-protein basic 
substance. On the basis of these and other experi- 
ments, it seems likely that it is true of the reaction 
with all proteins, sufficient reversible dissociation 
taking place to have a significant effect on the 
kinetics of the reaction. The data of other authors 
show no disagreement with this view and tend to 
corroborate the general nature of the reaction. 
Actually, the earliest studies on heparin indicated 
that the biological action of heparin depended on 
such, a reaction, since they showed that peptone 
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plasma could be clotted by simple dilution, i.e. by 
inereasiiig the dissociation of the heparin -protein 
eonipoiind its anticoagulant effect could be annulled 
[Morawitz, 1905]. 

METHODS 

Heparin was supplied by the Connaught Labora- 
tories, University of Toronto, and had been crystal- 
lized as the barium salt. The sodium salt has also 
been used. Heparin was assayed either by the 
Howell cat method [Jaques & Charles, 1941], or by 
means of its metachromatic reaction with toluidine 
blue, when the Lovibond tintometer was used. The 
temperature for all experiments was 25°. I am 
indebted to Dr A. M. Wynne of the Department of 
Biochemistry for the use of an Evelyn photoelectric 
colorimeter. 

Reaction of heparin with casein. This reaction is 
easily demonstrated, because although casein has 
an i.E.P. at pH 5*0, that of the casein-heparin com- 
pound is at pH 3-6. The compoimd is soluble at 
pH 5*0, and Fischer & Schmitz [1932] used this fact 
in assaying heparin. The i.e. p. of the casein was in 
the region of pH 4* 6-4' 9 (found value pH 4*8), 
whereas that of the casein -heparin was in the region 
of pPI 3- 5-4* 3 (Table 1). The shift is as marked as 
that with eosin [Jordan-Lloyd & Shore, 1938]. The 
reaction was then studied at pH 5*0 by adding 
1 ml. casein solution (50 mg, /1 00 ml. iV/lO Na 
acetate) to 9 ml. of iV/lSO acetic acid containing 
varying amounts of heparin and measuring the 
turbidity in an Evelyn colorimeter (Table 2). The 
turbidity values were converted to mg. of free 
casein by the experimentally determined equation 
(7 = 3*96T-l-0*026L Omng to the small poi'tion of 
the scale used for the determination of turbidity, 
a considerable spread in the experimental values 
was found. The calculated values of K are given 
in Table 2, and show fairly good agreement. For 
convenience these values were calculated in terms 
of units of heparin and mg. of casein. 

Reaction of heparin with toluidine blue. This im- 
portant reaction was reported by Jorpes [1939] for 
use as a histological test for heparin. It donsists in 
measuring the red colour of the compound. The 
reaction was studied with the aid of the Lovibond 

Table 1. Effect of heparin on the isoelectric 
point of casein 


- no precipitation. -I- degree of precipitation. 


pH 

Casein + Heparin 

pH 

Casein 4- Heparin 

5*80 



4*34 

+ ’+ 

+ :+■ 4 - 

5*31 


. _ 

4*14 

+ + 

; 4. -1- : 

4*88 

+ -h 

^ + . 

3*52 


4 - 4 - 4 - 

4*78 

4*56 

+ -h 

+ + : 

1*90 

:■ ■ v; 



Casein (B.B.H, light white soluble), 1 mg./ml. Heparin, 
0*1 mg. /ml. Buffer, 0*2 iV' K acetate-acetic acid. pH mea- 
surements by the Beckmann glass electrode. 


tintometer. A sample of Groebler’s toluidine blue 
was used, 1 ml. being added to 4 ml. of heparin 
solution in saline containing 0*25% Ca chloride. 
Table 2 shows that this compound formation is of 
the same type as that produced with proteins, the 
results showing good agreement with the mass law. 


Table 2. The reaction of heparin with casein 
and toluidine blue 

a (amount of casein added) mg. pH = 5-0 


Heparin 
added 
mg. X 10“2 


Free 

casein 

mg. 

c{6 - (a 

= 5 

Turbidity 

—c 

a-' 

0*00 

0*1206 

0*503 

* — , 

0*153 

0*1065 

0*447 

0*84 

0*459 

0-0757 

0*326 

0*53 

0*765 

0*0655 

0*285 

0*73 

1*22 

0*0518 

0*269 

0*82 

1*53 

0-0339 

0*160 

0*56 

1*53 

0-0458 

0*208 

0*88 

4*59 

0-0155 

0-270 

0*88 

7*65 

0*0044 

0*0435 

0*69 

15:3 

0*0000 

0-000 

Average 

^72 


a (amount of toluidine blue added) =5 mg./lOO ml. pH = 5-0 
^ Combined 


Heparin 

Tintometer 

red 

dye 

mg./lOO ml. 

E 

mg. X 10~“ 

reading 

■=a-c 

2*0 

0-5 

1*5 

1*00 

4*0 

3*5 

2-6 

1*54 

5*0 

4-8 

3-1 

H.-81 

6-0 

6-0 

3-5 

1*65 

7*0 

6-5 

3-7 

1*75 

8*0 

6-5 

3.7 

1*64, 


Average 

1*56 


Reaction of heparin with gelatin. While the reac- 
tion with casein is readily detected by the markedly 
different i.e. p.’s of the protein and of its compound 
with heparin, the reaction with gelatin, and also 
that with protamine, can be studied over a wider 
pH range, since the compoimds formed between 
these proteins and heparin were found to be rela- 
tively insoluble over the range pH 2* 5-10* 5^ In- 
creasing amounts of gelatin were added to 2*4 mg. 
of heparin. The mixtiues were centrifuged and the 
JST content of the precipitates determined by the 
micro-KjelcIalh method. The heparin present in the 
supernatant was determined colorimetricaily, that 
in the precipitate being calculated by difference. 
It can be seen (Table 3) that increasing the concen- 
tration of gelatin j&rst increases, and then decreases, 
the amount of precipitate, i.e. the precipitate is 
soluble in the presence of an excess of gelatin. The 
composition of the precipitate, however, remains 
unchanged. It should be pointed out that not all 
samples of gelatin form an insoluble heparin com- 
poimd. For these experiments the gelatin used was 
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4 . . an ordinary commercial gelatin, but a sample of 
Eastman Kodak teclinieal gelatin, and also a sample 
of carefully prepared fisli collagen (coui’tesy of Prof. 
N. B. Taylor) failed to give any precipitate with 
heparin over a wide range of concentration and pH. 

Reaction of heparin tvith protamine. Chargaff & 
Olsen [1937] observed that when heparin and pro- 
tamine are mixed an insoluble complex is formed, 
and showed by direct analysis of the complex that 
a simple salt formation had occurred. We mixed the 
’ protamine, salmine (Connaught Laboratories) and 

,, heparin in a total volume of 5 ml. containing 0*5 ml. 

of 10% CaClg, the amount of precipitate formed 
being estimated by determining its N content by 
the micro-Kjeldahl procedure (Table 3). The values 
obtained for the dissociation constant showed that 
with this reaction also, partial dissociation of the 
compomid occurs. 

Table 3. Reaction of heparin with gelatin 
and protamine {salmine) 

1 ml. of heparin (24 mg.) added to 3 ml. of gelatin 


solution. pH = 

:3*9. 



Gelatin N 


Heparin 


added 

K in ppt. 

in ppt. 

N/heparin 

mg. 

mg. 

mg. 

in ppt. 

0*66 

0*050 

0*26 



1*31 

0*714 

1*53 

0*47 

2*62 

1*41 

2*06 

0*68 

4*58 

0*798 

1*85 

0*43 

6*55 

0*606 

0*97 

0*62 

13*1 

0*122 

0*26 

0*48 

26*2 


No precipitate 



Heparin added to the protamine, salmine (Connaught 
Laboratories). Total volume =5 ml. pH=:2*5. OaClg con- 
centration = 1 % , , 


Heparin 

Protamine 

N in ppt. 


mg. 

mg. N 

mg. 

K 

0*1 

0*347 

0*050 

0*297 

0*2 

' 0*347 

, 0*087 

0*338 

0*5 

0*347 

0*150 

0*398 

1*0 

0*347 

0*244 

0*319 

1*0 

0*173 

0*174 

■ 

1-0 

0*069 

0*066 



1*0 

0*034 

0*030 

; 



Average 

0*338 

Inactivation of heparin hy proteins. 

As Fischer 


[1935] first indicated, certain proteins possess the 
power, not only of combining with heparin, but also 
of inactivating this anticoagulant. Chargaff & Olsen 
[1937] suggested the use of this reaction to inacti- 
vate heparin both in vitro and in vivo. The proteins 
possessing this property in the highest degree are 
the protamines, salmine and clupein. The protamine 
was thought to inactivate heparin by precipitating 
the latter, as in the above studies. If, however, 
protamine and heparin are mixed in the presence of 
plasma and in the concentrations normally used, 
precipitation does not occur, although inactivation 


has. taken place. That this is so, can be seen by 
testing for the anticoagulant activity of heparin. 
This shows that protamine has combined with 
heparin to form an inactive compound. 

The reaction can be further studied by adding 
increasing amounts of protamine to heparinized 
blood and determining the clotting time. As re- 
ported by Jaques, Charles & Best [1938] the clotting 
time decreases until it reaches the normal value 
fomid in the absence of heparin, and then increases 
again. In the presence of excess heparin or pro- 
tamine the clotting time is prolonged and it is only at 
the equivalence point that the normal clotting time 
obtains. At the equivalence point the ratio of 
heparin to protamine was constant. This is true of 
any one protamine preparation, but more recent 
work has indicated that- it is different for different 
preparations. Such a protamine titration is re- 
ported in Table 4. The experiment was carried out 
as previously described [Jaques et al. 1938], using 
the protamine, salmine, and adding 1 ml. of freshly 
drawn dog’s blood to various mixtures of heparin 
and protamine. Also reported are the clotting times 
with heparin, and protamine alone. It can be seen 
that 0*5 mg. of heparin required 1-62 mg. of pro- 
tamine to restore the clotting time to normal, i.e. 
3*2 mg. protamine/mg. heparin. The same equiva- 
lence value was obtained with 0-1 mg. of heparin. 
It was shown that the reaction between protamine 
and heparin could be expressed by equation (1), 
The data indicate that in the presence of serum also 
dissociation of the protamine -heparin compomid 
occurs. Thus the equivalence value for 0*5 mg. of 
heparin is 1*62 mg. protamine, whence 1*37 mg. 
protamine would combine with 0*42 mg. heparin. 
Thus there would be 0*08 mg. free heparin which 
would give a clotting time of over 24 hr. (0*008 mg. 
heparin gave a clotting time of 2 hr.). However, the 
clotting time with 1*37 mg. protamine was only 
9 min. (corresponding to 0*002 mg.). The reason for 
this follows from the previous discussion, i.e. the 
large amount of protamine at the equivalence point 
is not that required to combine with heparin, but 
that required to suppress dissociation of the pro- 
tamine-heparin compound. The values of the mass 
law dissociation constant calculated for the clotting 
times obtained with 0*5 mg. heparin were 0*39, 0*33, 
0*44x 10-2 (average = 0*39x1 0-2). The average 
value of jK for a sample of thymus histone, calcu- 
lated from the data reported by Jaques et al. [1938] 
was 0*76 X 10-2. Clearly, this dissociation is respon- 
sible for the sharpness of the titration of heparin, 
with protamine. Protamine is only. a weak anti- 
coagulant, but such a large excess of the protein is 
required to suppress completely the dissociation of 
the compound that the concentration of protamine 
need be increased only slightly for it to affect the 
clotting time. 
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Fischer [1935] reported that a number of proteins 
possess the power to inactivate heparin. These were 
chiefly basic proteins, such as the protamines, 
histones and haemoglobin. Inactivation also occurs 
with other proteins, such as the liver proteins. In 
this case it is necessary to incubate the protein and 
heparin at an acid pH. Denaturation of the liver 
protein by heating results in the inactivation of 
more heparin. We have confirmed Fischer’s results, 
using a saline extract of dog liver. Such experi- 
ments require careful controls, since the acid pro- 
tein solution may lower the pH of the test blood 
thus making it less sensitive to heparin [Fischer, 
1935], and suggesting that inactivation of the latter 
has occiured. Thus failure of the protein to annul 
the anticoagulant activity of heparin does not indi- 
cate that compound formation at the pH of the 
blood does not occur. For example, a gelatin- 
heparin mixture, in which almost all the heparin 
was found to be combined with the gelatin when 
the precipitate was removed and analysed, still 
showed full biological activity. 


Table 4. The effect of heparin and protamine 
on clotting time 


Heparin 

Clotting 

Protamine 

Clotting 

mg. 

time (min.) 

mg. 

time (min. 


3 

0*017 

3 

, ■ 

2 

0*025 

4 

- 0002 

9 

0*05 

5 

0003 

22 

0*10 

7 

0*004 

27 

0*25 

5 

0*006 

54 

0*25 

8 

0*008 

113 

1*00 

70 

Protamine 
(mg.) added 
to 0*1 mg. 

Clotting 

Protamine 
(mg.) added 
to 0*5 mg. 

Clotting 

heparin 

time (min.) 

heparin 

time 

0*25 

5 

1*00 

2 hr. 

0*30 

4 

1*25 

15 min. 

0-32 

2 

1*37 

9 min. 

0*35 

3 

1*50 

11 min. 

0*40 

6 

1*62 

2 min. 

0*75 

10 

2*00 

Ihr. 


Factors injiueyiciing the dissociation constant of the 
heparin-protein com 2 oound. The dissociation of these 
compounds is markedly affected by the pH and the 
presence of other anions and cations (Table 5 and 
Fig. 1). These results have been obtained chiefly 
with toluidine blue, since it is relatively simple to 
obtain quantitative data with this base. Results 
obtained with a number of different proteins, how- 
ever, indicate that the same conclusions apply to 
them. A change in pH from 4*1 to 6‘2 (Table 5) 
resulted in a tenfold increase in the dissociation 
constant. Hence, as with salts of many organic 
bases, the corresponding heparin compound may 
often be completely hydrolysed by warming with 
dilute alkali, the free base being precipitated. The 


presence of various cations and anions also results 
in increased dissociation of these compounds since 
they compete for the heparin and the base respec- 
tively. The presence of 0-5 % CaClg (Table 5) in- 
creased the dissociation constant fivefold. Since the 
equilibrimn depends on the relative dissociation 
constants of the protein (or dye) -heparin compound 
and of the salts of protein and heparin with the 
inorganic anion and cation respectively, further 
increase in the concentration of the inorganic salt 
results in the removal of a large proportion of the 
base from the heparin (Fig. 1). Of the three salts 
shown, NaCl is as effective as CaCls, suggesting that 
the effect is not due to the cation alone. The 
presence of proteins such as protamine or those of 
horse plasma similarly decreases the amoxmt of 
heparin bound to the dye. Sufficient citrated horse 
plasma was included in one series to give a final 
concentration of plasma of 60 % by vol. and in 
another series protamine (2 mg./ 100 ml.) was added. 
In each case less heparin combined with the dye. 
The protein is here acting as a cation, and it is 
interesting that even the weak plasma protein can 
act in this manner if sufficiently concentrated. The 
presence of a strong acid such as CClg.COOH also 
results in the dissociation of the compound (Fig. 1). 
5% CClg.COOH completely inhibited the forma- 
tion of the heparin-dye compound, even when a 
very large excess of heparin was present. 1 % 
CCI3 . CO OH decreased the amount of heparin bound 
to dye by 50 % when 0*05 mg. heparin was present. 

Impurities in crude heparin preparations may 
exhibit the type of competitive inhibition shown 
in Fig. 1 to a marked degree. Thus, during assays 
by the dye reaction, it was found that the prepara- 
tion showed no activity in concentrated solution. 
On diluting the preparation, however, heparin 
activity could be demonstrated. The effect of HaCl 
on the antithrombin activity of heparin, similar to 
that shown in Fig. 1 for its reaction with toluidine 
blue, has been reported previously [Jaques & 
Mustard, 1940]. In contrast to these results, Fischer 
reported that the presence of lipoid increased the 
binding power of proteins for heparin. 

Table 5. Effect of changes of pH and of the presence 
of calcium chloride on the dissociation constant of 
the heparin-base compound 


. Base 

: • 

K 

Thymus histone 

■ 2*5 

0*038 

4*1 

0*043 


6*2 

0*288 


:8*2"; 

CaCl,(%) 

1*68 

Toluidine blue 

0*0 

0*60 


0*1 

1*16 


0*2 

1*56 


0*5 

3*06 
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Total heparin, mg. 


Fig. 1. Effect of various factors on the reaction of heparin with toluidine blue. -pH 9*8 (borate buffer). Final con- 
centration of reagents, dye, 5mg./100ml.; ZnSO^, CaCla, NaCl, 5%; plasma, 60% (=4% protein); protamine, 
2mg./100ml. CClg . CO OH neutralized with NaOH, ' 

DISCUSSIOIsr bition phenomenon is probably best explained in 

terms of the electrostatic theory of electrolytes 
The proteins here used were selected to illustrate than by complex compound formation, 
certain extensions of Fischer’s theory. As Fischer Fischer stated that combination between heparin 
[1935] established, the reaction is a simple salt and protein occurs only near the i.b.p., and on its 

formation between the acid heparin and the basic acid side. With histone and gelatin however, this 

protein. As such, it obeys the mass law so long as appears not to be the case. Although a shift in 
the product remains in solution. When, however, towards the alkaline side increases the dissociation 
precipitation of the product occurs, there may be of the compound, it is -possible for heparin to corn- 
considerable deviations from the mass law. This is bine with proteins far on the alkaline side of their 
to be expected since these substances possess a high i.e.p., e.g. gelatin precipitates with heparin even at 
electrostatic charge and the calculations are neces- pH 10 . Hence, the greater part of the heparin in 
sariiy based on concentrations and not on activities, plasma must be bound to protein and not in the 
Since heparin possesses two types of acid groups free state as suggested by Fischer. Further, it is 
and there are differences between the various possible by using a strong acid such as CCI 3 .COOH 
amino-groups of a protein, there is also the possi- to bring about dissociation of the heparin-protein 
biiity that combination of heparin and protein may compound even on the acid side of the i.e.p. 
occur in more than one proportion, i.e. a series of Two values are important in a quantitative study 
compounds of the general formula {P =pro- of the reaction between heparin and a given protein, 

tein, iJ= heparin) may be obtained. Heidelberger One is the amount of protein which combines with 
& Kendal have discussed this type of reaction with 1 mg. of heparin, the other is the dissociation con- 
respect to the precipitin reaction. As reported above, stant of the compound so formed. The former is best 
the reaction between heparin and certain samples determined by preparing and analysing the com- 
of gelatin shows an equivalence point and an inhi- pound, although Fischer & Astrup [1935] have 
bition zone, as in the antigen-antibody reaction, suggested a possible graphical method. Since the 
Since, however, the composition of the precipitate molecular weight of heparin is not Imown, it is 
does not change under these conditions, the inhi- impossible to calculate the true dissociation con- 
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stant for even the simplest of these componnds. 
From equation (1), a function related to the disso- 
ciation constant can be obtained, but the concen- 
tration of the base must be expressed in terms of 
the equivalent amount of heparin, if it is desired to 
compare these values for different proteins. This 
has not been done in the case of the values so far 
reported, the constant having been calculated 
directly from the experimentally determined values 
in each instance. 

The amount of protein which neutralizes the 
anticoagulant activity of 1 mg. of heparin is also 
of practical interest. This depends both on the 
amount of protein required to combine with the 
heparin and on the dissociation constant of the 
compound. Thus 4*1 mg. of toluidine blue combined 
with 1 mg. of heparin, but 7*1 mg. of the dye was 
required to neutralize its anticoagulant activity. 
The reaction represents a kinetic equilibrium, and 
if a second protein (or other cation) be added to a 
solution of heparin -f protein the heparin will dis- 
tribute itself between the two proteins, according 
to their relative concentrations and to the dissocia- 
tion constants of th§ corresponding heparin com- 
pounds. Because the dissociation constant of the 
gelatin-heparin compound is greater than that of 
the compounds formed by heparin and the proteins 
of the clotting system in blood, if it is added to 
blood, practically all the heparin is transferred to 
the clotting system and its anticoagulant effect 
becomes apparent. If it is replaced by the prota- 
mine-heparin compound, however, no anticoagulant 
effect is observed, because the dissociation constant 
of the latter is smaller than those of the compoxmds 
formed by heparin with blood proteins. 

Our general conclusions should be applicable to 
the reaction of heparin with any protein with which 
it forms such compoxmds, e.g. silk peptone, gelatin, 
cMpein, salmine, histones prepared from thymus 
and blood, haemoglobin, egg albumin, casein, serum 
proteins, liver proteins, coagulant tissue extracts 
and thromboplastic protein, fumarase and trypsin. 
Reaction has also been shown to occur with a 
number of organic bases, namely, benzidine, quinine, 
brucine, piperidine, and the basic dyes, thionin and 
toluidine blue. When the protein involved exhibits 
enzymic or other biological activity the heparin will 
have an inhibitory effect, e.g. it has a slight inhi- 
bitory action on complement. Since the heparin 
salts of proteins are often entirely different from 
their parent proteins, showing different, solubilities, 
i.E,p.’s, etc, (the criteria usually employed to classify 
proteins), the question arises as to whether heparin 
also affects the antigenic properties of such proteins. 
Kyes & Strauser [1926] reported that heparin inhi- 
bited anaphylactic shock in pigeons sensitized to 
sheep serum, and this was decisively confirmed by 
Van de Carr & Williams [1928], who used the sensi- 
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tized guinea-pig uterine strip (Dale). A number of 
other workers, including the author, have failed to 
confirm these findings. It is clear, however, from 
the previous discussion on the reaction between 
heparin and proteins, that such inhibitory action 
will depend to a high degree on the relative con- 
centrations of heparin and protein, on the nature 
of the protein (including the degree of sensitization) 
and on the other proteins present. Hence it may 
be difficult to reproduce the necessary conditions. 

Fischer & Astrup established that this type of 
reaction occurred between thromboplastin and he- 
parin, the overall effect of the two on the clotting 
system agreeing with the values calculated from the 
mass law. Chargaff, Ziff & Coheif [1940] studied the 
same reaction isolated from the clotting system and 
found that in aqueous solution thromboplastin 
could be made by shaking to dissociate into cephaiin 
and protein. They also found that when heparin 
was added to thromboplastin it displaced the 
cephaiin in it. Our explanation would be that 
dissociation of cephaiin and protein had occurred, 
followed by combination of heparin and protein. 
As the second compound would have a lower dis- 
sociation constant than the first, the reaction would 
proceed until the heparin had largely displaced the 
cephaiin. Chargaff et al. [1940] found that this 
heparin -protein oompoimd was inactive as an anti- 
coagulant in thrombin -fibrinogen mixtures, al- 
though it possessed full activity in plasma. This 
indicates that the compound is itself inactive as an 
anticoagulant ; its dissociation constant is, however, 
fairly high and hence it is completely dissociated in 
plasma. This appears to be a more reasonable inter- 
pretation of the data than the assumption that the 
heparin -protein compound formed by the reaction 
is itself an anticoagulant. Washing the precipitate 
at pK 5*0 suppressed dissociatidh of the heparin - 
protein in the wash water. The same results were 
obtained with- a cephalin-histone complex, but in 
this case the heparin-histone compound was inactive 
in plasma. This was to be expected, since, as re- 
ported above, this compound has a low dissociation 
constant. 

It is suggested that the view advanced as to the 
nature of the reaction of heparin and thrombo- 
plastin may be of value in considering all the 
reactions involved in the clotting system, i.e. that 
reversible dissociation of the various compounds 
involved may occur and that when several reactions 
are possible, that one will occur to the greatest 
extent which leads to the compound with the lowest 
dissociation constant. For example, Ferguson has 
postulated his ‘cephaiin availability’ theory to 
explain the action of thromboplastin ; according to 
this, thromboplastin serves to transfer cephaiin to 
prothrombin. The idea of dissociable compounds 
presented here provides a mechanism for such a 
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theory, Fxn'tlierj trypsiii and other proteolytic 
enzymes, by destroying the protein part of tlirom- 
boplastin, would increase its dissociation and speed 
the transfer of cephalin to prothrombin, thus pro- 
viding a mechanism for the action of trypsin on 
the compoimd, the practical significance of which 
Ferguson has stressed. In the case of those clotting 
factors which are enzymes, the theory becomes the 
well-lmown theory of Michaelis and Menten. From 
the foregoing it is evident ( 1 ) that this reaction of 
heparin should be considered in experiments re- 
quiring its use, and ( 2 ) that in studies on blood 
clotting, -heparin activity may be affected by the 
presence of factors not usually considered. 

SUMMARY 

Heparin forms stable salts with many proteins. The 
resulting sdlt is markedly different in its properties 


(isoelectric point, solubility, etc.) from the original 
protein. In solution, these salts show partial dis- 
sociation according to the mass law. The dissocia- 
tion constant of the compoimd varies with the 
protein, and the dissociation is markedly affected 
by pH and the presence of other anions and cations. 
The formation of compounds with a sufficiently 
low dissociation constant is followed by the loss of 
biological activity on the part of the anticoagulant. 
The application of these results to quantitative 
studies on blood clotting is indicated. 

The substance of this paper was presented before the 
meeting of the Division of Biological Chemistry of the 
American Chemical Society at Buffalo, N.Y., 9 September 
1942. The author is greatly indebted to Prof. C. H, Best 
for his kindly interest in the problem. This study 
has been supported by the John and Mary B. Markle 
Foundation. 
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The Isolation of Behenic Acid from Refined Mona Wax 


By j. REILLY, DOREEN A. KILBRIDE aot> J. P. WILSON, From University College, Cork 


{Received S December 1942) 


Montan wax has been refined by treatment with 
cliromic acid in glacial acetic acid solution [Mar- 
cusson & Lederer, 1931]. Mona wax isolated from 
Irish peat [Reilly & Wilson, 1940] was not changed 
by this mixture. A sulphuric acid-chromic acid 
mixture gave 72*5% of a pale yellow acidic wax. 
Its properties are compared with those of Mona 
wax in the following table : 

Mona wax Refined Mona wax 


Acid value 46 149 

Saponification value 98 173 

Ester value 52 24 

Iodine value 30 5*5 

M.p. 70°' 73*5° 


The acids were isolated by the usual procedure 
[Chibnall, 1934; ReiUy & Wilson, 1940] and con-‘ 
verted to their methyl esters. By a series of frac- 


tional distillations in vacuo, the letter were sepa- 
rated into a number of fractions. From one of 
these, an acid was isolated whose equivalent weight 
and elementary analysis suggested that it might be 
behenic acid C 22 H 44 O 2 . 

Stohmann & Langbein [1890] found the m,p. of* 
behenic acid, obtained by the reduction of ethyl 
erucate^ to be 77-78°. The value obtained in the 
present investigation was 77-5°. A more recent 
determination on the synthetic acid by Francis, 
Piper .<fe Malkin [1930] gave a value of 80*0°. To 
determine its identity, the acid was submitted for 
X-ray crystallographic examination. C. H. Carlisle 
and D. M. Crowfoot (see below) showed, by mea- 
surements of tjbe B and C crystal spacings, that the 
acid was contaminated with 2*5-10 % of C 20 H 40 O 2 , 
and probably with traces of a higher acid, C 24 H 49 O 2 . 
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Holde [1924], from a consideration of the theory 
of fat formation proposed by Buchner & Meisen- 
heimer [1908], concluded that only normal fatty 
acids with an even number of carbon atoms can 
occur in nature. Francis et al. [1930] fully supported 
his conclusion by their work on a number of the 
higher naturally occurring acids. From an exami- 
nation of the X-ray photographs they also con- 
cluded that a separation into single acids was almost 
impossible (except when one acid occurred in the 
mixture in preponderating amounts). Stadler [1933] 
on the other hand, claims that, after a series of 
carefully executed fractional distillations in vacuo, 
he isolated, from Bohemia Montan wax, two pure 
acids containing an uneven nxxmber of carbon atoms 
and 

The present investigation was an attempt to 
verify the last author’s results. By using similar 
distilling apparatus, and adhering to his conditions, 
the present authors isolated behenic acid (C22H44O3), 
in an impure condition. These results do not, there- 
fore, support his claim, but are further evidence in 
favour of the conclusions reached by Francis et al, 
[1930]. 

EXPERIMENTAL 

A total of 190 g. of pure refined mona wax was used. 

Saponification and isolation of calcium salts. 50 g. wax 
were dissolved in 500 ml. benzene and 200 ml. ethanol. 
25 g. XOH, in 250 ml. ethanol, were added to the hot solu- 
tion and the mixture boiled for 3 hr. under reflux. The 
content of the flask was divided in two and a hot solution 
of anhyd. CaClg (200 g.) was added slowly to each portion 
while nearly boiling with vigorous shaking. The solution 
was boiled for 1 hr. to complete the reaction. The Ca salts 
were filtered off, dried, ground and extracted exhaustively 
with benzene in a Soxhlet apparatus. 

Formation of acids and esterification. The powdered cal- 
cium soaps were added in small quantities to warm dilute 
HOI (1 part acid : 2 parts water) and the mixture boiled 
till the fatty acids floated in a brown layer on top. When 
cold, the acids were removed and washed free from mineral 
acid. Acid value, 185. 

The acids were esterified in 20 g. lots. 20 g. acid were 
refluxed with 1200 ml. methanol and 40 mi. cone. H^SO^ 
for 8 hr. The brown solution of the ester was then decanted 
from the brown-black residue. After distilling off most of 
the alcohol the remainder was poured into a large volume 
of water, when the esters were precipitated. The water was 
then heated to boiling, when a brown layer of esters col- 
lected on top- These were separated and washed free from 
H2SO4. Acid value, 22; saponification value, 178; iodine 
value, 2-8; M.P. 73^ 

An attempt to reduce the acid value by re-esterification 
failed. The method of Buxton & Kapp [1940], which de- 
pends on removing free acid as the K salt, was used, but 
it reduced the acid value only to 11. Total weight of methyl 
esters, 115*8 g. 

Fractionation. All-glass, electrically heated, fcactionation 
columns, similar to those described by Stadler [1933] and 
Longenecker [1937], were used. Each consisted of an inner 
tube packed with Lessing rings. This was surrounded by 
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another tube on which was wound nichrome resistance 
wire. An outer insulating tube enclosed both heating tube 
and column. The flask containing the esters was fused to 
the bottom of the column for each distillation. The heating 
of the column was controlled by external variable re- 
sistances and the temperature measured by an iron-nickel 
couple inserted between the column and heating jacket. 
Jantzen & Tiedecke [quoted by Stadler, 1933], in a study 
of fractionation, found that the boiling-point was not de- 
terminate of the course of fractionation. These workers 
jffactionated according to the melting-points of the dis- 
tillate. This method was used by Stadler [1933] and was 
adopted in the present work. 

Preliminary distillation was undertaken in order to free 
the esters from any impurities, and to divide them into a 
higher and a lower fraction. The ester was divided into 
three portions (two of 40 g., one of 35*8 g,). Each was 
distilled (2-5 mm.) from a 250 ml. Claisen flask, and the 
distillate collected by means of a Perkin triangle. 

Lower fraction 56*6 g. 

Higher fraction 28*9 g. 

Total 85*5 g. 

Fractional distillation. The lower and higher fractions 
were placed separately with some glass wool and powdered 
pumice stone in two 250 ml. Pyrex flasks which were 
fused to the bottom of a column 47 cm. long and 3 cm. 
internal diameter. Test tubes fused on to the side arm were 
used as receivers. Table 1 gives the details of fractionation 
of the higher and lower fractions. IE is the lower, and 
HE the higher fraction. 

Table 1 . Fractional distillation of higher 
and lower ester fractions 


List. 


Trac- 

• Weight 

M.P. 

temp. Pressure 

tion 

g- 

°c. 

° C. mm. 

IE. ’ 

lotal 56*6 g. 

Distillate 49*41 g. 

(i) 

4*10 

Liquid 

90425 

(ii) 

2-68 Semi-liquid 

1^6 0*10 

1 

3*68 

31*5 

126 

2 

1*96 

34*0 

136 

3 

5*70 

37-5 

138 

4 

2*33 

38*5 

146-150 . 

5 

1*59 

40*5 

157 0-15 

6 

1*82 

41*0 

160 

■ 7 

3*84 

42*3 

166 

8 

4*25 

42*5 

168 

9 

2*02 

45*0 

155 

10 

2*67 

46*5 

160-166 

11 

2*98 

47*0 

163 0*15 

12 

3*17 

48*5 

154 

13 

4*04 

51*5 

178 

14 

2*58 

54*0 

186 0*30 

HE. 

Total 28*9 g. 

, Distillate 26*62 g. 

(i) 

2*97 

Liquid 

156 0*20 

1 

4*08 

39*5 

170 

2 

5*09 

45*0 

172 ■ 

3 

2*88 

49*0 

182 

4 

4-78 

53*0 

174 

5 

3*49 

53*5 

::205 . 

6 

3-33 

57*0 

210 


The low acid values show that very little decomposition 
had taken place during the distillations. 
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Table 2. 

Grouping of ester f ractions 


for further distillation 



Fractions 

M.P. range 


Group 

combined 



IR. 

I 9-11, 11 2 

45*0-47*0 


HR. 

I 14, II 4, 5 

53*0-53'5 


IIIR. 

I 12-13 

48*5-51*5 


F.F. 

fIIR7~10 
(IIIR 2-4 

48*8-52*5 


Table 3. 

Data for distillation of the 


three main fractions 




Dist. 

Fraction Wt. 

M.P. 

temp. Pressure 

° C. mm. 

, "no. 

g* 

°C. 

{^) Fraction I R. 

Total 12*7 g. Distillate 12*3 g. 

(i) 

0*50 

' Liquid 

92 0*05 

1 

0*83 

41*0 

101 

; 2 

0*58 

40*5 

112*5 

3 

1*59 

43*0 

106 

4 

0*60 

43*5 

109 

5 

0*93 

45*0 

114 

■6 

1*2 

46*0 

ill 0*01 

7 

0*87 

48*0 

112 

8 

0*46 

47*6 

106 

9 

0*38 

48*5 

106-111 

9A 

1*00 

49*0 

, — 

10 

1*66 

49*5 

122-4 

U 

0*97 

50*5 

115 

12 

0*73 

54*0 

135-172 

(5) Fraction II R. 

Total 10*17 g. 

Distillate 9*76 g. 

(i) 

0*46 

Liquid 

92 , 0*05 

1 

0*84 

48*0 

100 

2 

0*87 

51*5 

126 

3 

1*69 

52*5 

129 

4 

1*87 

54'0-54*6 

118 

5 

0*40 

55*0 

113 

6 

1*11 

56*5-57*2 

138 

7 

1*04 

59-0-59-2 

130 0*01 

8. 

1*48 

59*0 

132 

(c) Fraction III R. 

Total 5*30 g. 

Distillate 4*81 g. 

1 

0*35 

48*0 

98 0*03 

2 

. 0*38 

49*7 

115 

3 

0*59 

50*2 

120 

4 

0*74 

52*5 ■ 

117 

5 

1*40 

53*5 

130 

6 

0*23 

55*0 

111 

7 

0*65 

56*0 

104 

8 

0*47 

56*4 

120 

X-ray Crystallographic Examination of 


The fractions were divided into groups according to their 
■■melting-points and the groups IB to IIIE were then dis- 
tilled separately through a smaller column of the same 
type (26x2 cm.). The scheme is clear from Table 2 and 
the data are given in Table 3. 

For the final fractionation, some fractions of the highest 
weight and shortest temperature range were chosen 
(Table 4). Fractions I R 7-10 and III R 2-4 were combined 
and distilled through a third fractionating column. Instead 
of a fiask, a small elongated bulb containiiig the ester was 
fused on to the end of the column. The bulb ivas wound 
with resistance wire (niehrome no. 15) for heating purposes, 
and the temperature was measured by means of an iron- 
nickel couple. This heating arrangement was found to be 
more satisfactory than the metal bath previously used, 
and allowed of more careful temperature control. 

Table 4. Data from fmal fractioriation 



Total 5*0 i 

g. Distillate 4*08 g. 




Dist. 

Fraction 

Wt. ' 

M.P. 

temp. Pressure 

no. 

g* 

° C. 

C. mm. 

1 

0*27 

47-8 

93 0*01 

2 

0*42 

48*5 

94 

3 

0*32 

49*0 

94 

4 

0*36 

49*1 

94-100 

5 

0*33 

49*2 ■ 

100 

6 

0*30 

49*7 

80 0*04 

7 

0*29 

49*7 

88 

8 

0*25 

50*0 

90 

9 

0*41 

50*3 

95 

10 

0*27 

50*2 

97 . 

11 

0*25 

50*4 

100 

12 

0*28 

50*5 

102 , 

13 

0*33 

50*8 

105 

Fractions nos. 10, 11 

and 12 were worked up to obtain 

the acid. The results are given in Table 5. 

Table 5. Data on isolated behenic acid 


Quan- 

Nor- 


Origin 

tity KOH 

mality 

Equiv, Acid m.p. 

of acid 

mg. ml. 

of alkali 

wt. value ° C, 

A 

101*4 11*25 

0*0261 

344*2 162*7 


100*0 11*00 

0*0261 

340*0 164*9 77*5 


100-6 11*2 

0*0266 

336*0 166*8 


103*2 — 

0*0266 

342*6 163*8 


A, therefore, consists mainly of behenic acid (O22H44O2) 
of acid value 165, and equivalent weight 340*35. (Analysis : 
found 77*23% C, 12*5% H; 77*23% C, 12*7% H. Calc, 
for 77*6% C, 12*9% H. G22H44O2.) 


By C. H. Carlisle anb D. Crowfoot 


In order to obtain further evidence on the composition of 
fraction A, it was submitted to X-ray crystallographic 
examination. For comparison, one of the higher melting 
fractions was studied in addition. 

The results of the X-ray examination are shown in 
Table 6, together with the most recent data obtained on 
pure fatty acids by Francis & Piper [1939]. This table 
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confirms the general conclusions -already reached as to the 
main constituents of these fractions, and also shows clearly 
that neither fraction is pure. Unfortunately no exact X-ray 
measurements have been made on synthetic binary mix- 
tures of the acids most likely to be present, i.e. C20H40O2 , 
and C22H44O2, or some ternary mixtures of these acids 
with C24H48O2, and the variations in X-ray spacing of 
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other mixtures, e.g. of C22H44O2 anti C)a4H4802, which have 
been examined [CJbibiiah, Piper & Williams, 1936], show 
too many irregularities to be used for direct comparison. 
Some esthnale of the nature of the impurities present may, 
liow’cver, be made by correlating the X-ray measurements 
with the general obscr\'ations made hy Ohibnall et aL [1936] 
on the behaviour of fatty acid mixtures. For this purpose 
measurements had to be made of both the B and C 
polymorphic modiiications, the X-ray photographs usually 
being taken of samples pressed lightly on to glass slides. 

A. The original preparation, when recrystallized from 
acetone, showed X-ray lines corresponding to the C modifi- 
cation alone. On recrystallization from benzene and from 
acetic acid, preparations were obtained, both of which 
showed lines due to B and G modifications on the same 
photograpli. Such behaviour was noted by Piper and 
co-workers [Ohibnall et al. 1936] in the binary mixture 
containing 2'5'-10% and 80-90% of the lower constituent. 
Here the C spacing is slightly lower, the B spacing shghtljr 
higher than the best values for pure C22H44O2. Both these 
types of spacing change may he due to mixture of a small 
quantity of C20H40O2, say 2*5-10%, with C22H44O2, but it 
seems very probable that the fraction still contams traces 
of other acids, particularly C24H4g02 . 

IIIR5. This fraction, w^hen recrystallized from methanol- 
ethyl acetate, showed the B spacing alone. While the spac- 
ings, both of this, and of the methyl ester, are intermediate 


between those of C22H44O2 and G24H48O2, the data do not 
fit very well with the observations that have been made 
on mixtures of synthetic C22H44O2 and C24H48O2 , so that 
the mixture is presumably more complex. 

Table 6. X-ray measurements 


Acid 

fraction 

M.P. ■' 

° c. 

B spacing 

' Methyl ester 
G spacing spacing 

A 

77*5' 

53*6 

47*7. — 

IIIR5 

81*9 

56*5 

— . '61*0 

Compare 


73*5 

48*45 

44-15 52-3 

C22H44O2 

79*95 

52*95 

48-3 57-02 


SUMMARY 

1. The isolation of behenic acid from refined 
mona wax is described. 

2. The results of X-ray crystallographic exami- 
nation of the product, by C. H. Carlisle & D. Crow- 
foot, are reported. They confirm the conclusion that 
the isolated product consists largely of behenic acid. 

The authors wish to thank Mr J. P. Wilson for his 
assistance during some of the distillations and Mr J. 
McKenna for constructing the distillation apparatus. 
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A Study of the Excretion of Organic Antimonials 
Using a Polarographic Procedure 


By L. G. GOODWIN akd J. E. FAQ'El^ From the Wellcohie Bureau of Scientific Research, Euston Road, 
London, N.W. l, and the Chemical Research Department, Glaxo Laboratories, Ltd., Or eenf or d, Middlesex 

{Received 4 December 1942) 


Several attempts have been made to determine the 
rate of excretion of antimony compounds during 
the treatment of tropical diseases, and so to control 
dosage and avoid toxic symptoms. The early quali- 
tative tests for the presence of the metal in urine 
[Di Cristina & Caronia, 1916; Mallardi, 1921} were, 
replaced by quantitative methods based upon the 
colorimetric determination of antimony as sulphide 


[Brahmacliari, Das & Sen, 1923; Khalil, 1931] or by 
a modification of the Gutzeit test [Boyd & Roy, 
1929]. A SLunmary of this work is given in Table 1. 
All the quantitative procedures were tedious; the 
degree of accuracy was low, and the chemical treat- 
ment made it impossible to distinguish between 
tervalent and quinquevalentantimony in the original 
samples. The subjects were various human patients 
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and laborat-ory animals, and a number of different Roncato & Bassani [1934] and Kamegai [1939a, b}; 
antimony compounds were used, with varying for lead in blood by Teisiiiger [1938], in imine by 
dosages and methods, so that no scale of comparison Reed & Gant [1942], and in both blood and urine 
had as yet, been provided. The present work pro- .by Choiak & Baiiibach [1941]; for .alkali metals in 
vides such a scale for a number of widely used blood by Schweitzer [1936] and in urine by Keimila 
aiitimonials which have been injected in comparable & Michalski [1939]. The determination of arsenic 
closes into the same species of laboratory animal, in biological materials has recently been reported 
It also introduces the rapid method of polarography by Bambach [1942]. The lengthy pretreatment is 
for the direct determination of antimony in both typical of the procedures usually required for the 
tervalent and c|uiiiquevaient forms. A short sum- polarographie examination of such materials, 
mary of a few of our results has already been The polarographie determination of antimony 
recorded [Goodwin & Page, 1942]. was described by Page & Robinson [1942], who 


Table 1 


Observer 

Disease treated 

Drug used 

Method of assay 

Di Cristina & Caronia [1916] 

Mediterranean kala-azar 

Tartar emetic 

QuaHtative test (sulphide) 

Christopherson & Newlove 
[1919]- 

Schistosomiasis 

Tartar emetic 

Beam & Freak [1919] method 
presumably 

Mallardi [1921] 

Mediterranean kala-azar 

Tartar emetic; stibacetin 

S emi- quantitative modified Marsh 
test ‘ 

Renault, Monier- Vinard & 
Gendron [1922] 

Mediterranean kala-azar 

Stibacetin 

Iodine (?) titration 

Brahmachaii , Chaiidhury , 
Das & Sen [1924] 

Indian kala-azar 

Na antimonyi tartrate; 
urea stibamine 

Modified Beam & Freak method 

Brahniachari & Sen [1924] 

Indian kala-azar 

Various antimonyi tar- 
trates 

Modified Beam & Freak method 

DeHiis [1925] 

Disseminated sclerosis 

Antimosan 

Marsh test 

Boyd & Roy [1929] 

Indian kala-azar 

Na antimonyi tartrate; 
Neostibosan 

Modified Gutzeit test 

Peter [1929] 

Schistosomiasis 

Pouadin (stibophen) 

Not stated 

Kbalii [1931] 

Schistosomiasis 

Fouadin 

Modified Beam & Freak method 

Piazza [1933] 

Mediterranean kala-azar 

Tartar emetic; Neosti- 
bosan 

Semi-quantitative colorimetric 
test (sulphide) 

Khalil [1936 a, 6] 

Schistosomiasis 

Fouadin 

Colorimetric test for pyi’ocatechol 
said to run parallel vlth the 
urme Sb content 

Hassan [1937, 1938a] 

Schistosomiasis 

Tartar emetic; Fouadin 

Modified Gutzeit test on ashed 
urine 

Weese [1937] 

Normal rabbits 

Neostibosan; Solustibosan 

Not stated 

Weese [1938a] 

Normal dogs 

Fouadin 

Not stated 


The polarographie method of micro -chemical demonstrated that in the presence of normal HCl 
analysis was devised about 20 years ago by Hey- the diffusion current for tervalent Sb is directly 
rovsky, but it is only comparatively recently that proportional to the concentration over the range 
self-contained instruments have become available 0-05-0*0001% Sb. Tervalent but not quinqueva- 
for routine analytical procedures. Several compre- lent Sb in normal HCi has a half-wave potential 
hensive accounts [Kolthoff & Lingane, 1941;Muller, versus the satmated calomel electrode of -0-15 V., 
1941] of the principles of analysis with the dropping consequently tervalent Sb can be determmed 
mercury electrode have been published, and these directly in the presence of the quinquevalent 
should b© consulted for practical details of the form. 

standard procedures. The general factors to be con- The determination of Sb in blood and urine 
sidered in quantitative work have been reviewed by is remarkably simple. Blood requires relatively 
Kolthoff [1942]. . little pretreatment, while for urine the deter- 

The poiardgraph has been widely used for fhe mination is direct. The half- wav© potential of 
determination of the inorgani-p constituents of bio- tervalent Sb versus the saturated calomel electrode 
logical materials, but the procedures are frequently being —0-15 V., its characteristic step appears be- 
tedious, since many organic substances are re- fore those of other reducible constituents of urine, 
ducible at the cathode and the hiaterials have The latter -would completely mask smaii quantities 
consequently to be prepared for analysis by special of a substance less readily reducible than tervalent 
pretreatments. Such methods have been described Sb. A similar procedure can be adopted for 
for the determination of copper in liver ash by the determination of bismuth [Page & Robinson, 
Shoji [1931] and Mandai [1931] and in blood by 1942 ]. 
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METHODS 


Technique of polarogra/phic determination 
of antimony 

In order to estimate qiiiiiquevalent Sb it must first 
be reduced by boiling with Na sulphite, and can 
then be determined in the usual way. For a sample 
containing both ter- and quinquevalent Sb, the 
tervalent Sb is first estimated, the sample reduced, 
and the total Sb determined, the quinquevalent Sb 
being obtained by difference. These points are illus- 
trated in Fig. 1. Under favourable conditions, the 
error does not exceed ± 2 % over the concentration 
range 10“^ to 10“^, ±5% over the range lO-^ and 
10"^ and ± 10% over the range 10“'^ and 10”^ g./ 
100 ml. 


0-6 0-8 

Voltage 

' Fig. 1. Antimony polarograms. 

(1) 0*0001 M sodium antimony^ gluconate. 

(2) 0*00005 M sodium antimony^ gluconate 

(3) O'OOOl M sodium antimony'^ gluconate 

(4) 0*00015 M sodium autimony"^ gluconate 


reduced. 


A Cambridge polarograph [Page & Robinson, 
1942] was used for this investigation, the small cell 
being particularly useful, smce it required only 5 ml. 
of solution. The supplementary 2000 /j-F. electro- 
lytic condenser ensured a sharp polarogram, which 
facilitated the measurement of small diffusion 
currents. 

All solutions were made normal to HCl and the 
Sb contentadjusted within the range 0* 05-0* 001% . 
The instrument was calibrated by recording dn the 
same photographic paper as the irnknown^ the 


polarogram of a standard Sb solution. So long as 
the same^ capillary was employed and the mercury 
column maintained at a constant height, there was 
very little difference in the standardization during 
the course of several months. 

Polar ographic estimation of antimony in urine 

Collection of urine. It was found that metal 
metabolism cages were unsatisfactory in this work, 
as small quantities of metals derived from the cage 
interfered with the Sb determination (especially in 
polarographic estimations) . An all-glass metabolism 
cage w^as therefore devised, in which the animals 
rested upon a grille of glass rods, and the urine 
came into contact with nothing but glass. Groups 
of ten 20 g. mice were used in the cages, and the 
bladder of each one emptied by gentle pressure 
on the abdomen at the end of every collection 
period. The cages were w'-ashed down with 50 ml. 
of distilled water, a sufficient quantity to ensure 
recovery of 80-90 % of the Sb in the cages, with- 
out undue dilution of the sample. 

Preparation of urine samples, (a) Por estimation 
of tervalent antimony. The urine collected in the 
glass metabolism cage was made normal to HCl 
with strong acid and a sample examined im- 
mediately on the polarograph. The operation was 
performed as rapidly as possible after the addition 
of the acid as we have shown {vide infra) that many 
quinquevalent Sb preparations are hydrolysed to 
the tervalent state on standing with HCL 

(h) For estimation of total antimony. of 

the urine sample after treatment with HCl were 
boiled for 10 min. with about 0*05 g. Na sulphite,' 
cooled, made up to 5 ml. with a few drops of strong 
HCl, and the total Sb determined. It is essential 
to boil off all the SO 2 , since NagSOs in N HCl 
yields a step of its own, which seriously interferes 
with the Sb step. 

Polarographic estimation of antimony in blood 

(a) Estimation of tervalent antimony. It is essen- 
tial that the necessary treatment of the blood 
before polarography should not change the valency 
state of the Sb present, and that the reagents 
used should not interfere wdth the polarographic 
step for Sb. A preliminary investigation on the 
influence of protein precipitants was therefore 
necessary. 

blood, serum or plasma cannot be used 
directly, since on addition of HCl the protein is 
precipitated and carried down a considerable pro- 
portion of the Sb with it. Trichloroacetic acid, 
tungstic acid and zinc hydroxide interfere with the 
polarographic step. The only suitable protein pre- 
cipitant is sulphosalicylic acid, which has been used 
by Brdicka [1938] and also by "Waldschmidt-Leitz 
& Mayer [1939] for the removal of protein from 
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serioii, in tlieir investigations on tlie polarographic 
detection of cancer. .However, some loss of Sb 
occurs with vrho,ie blood and sulphosalicylie acid, 
even if the blood is diluted to 1 in 20, but the loss 
with plasma is considerably less, due to the smaller 
amount of protein precipitated from it. 


Colorimetrio estimation, of antimony in urine 

A modiiicatioh of Clarke’s method [1928] was 
used. The urine w'as boiled with copper foil in the 
presence of HCl, the deposited Sb dissolved from 
the foil with Na202 and water, and any copper 


Table 2. Eecovery of antimony after treatment with sulphosalicylie acid 


Sample 

1. Citrated blood 

2. Plasma 

3. Water 

4. Plasma 

5. Corpuscles 

6. Plasma 

7. Corpuscles 


1 in 10 dilution 


Sb^^^ in solution 


i in 20 dilution 


Sb*^^ in solution 


g. X 10“V190 ml. Recovery 

A ^ ofSbiii' 

Pound Added % 

40*4 59*0 70 

52*0 59*0 90 

59*2 59*0 100 

68*8 64*9 107 

2*5 51*3 5 


g. X 10- 

~^/100 mi 

Jy 

Recovery 

of 

Found 

Added 

% 

24*8 

32*2 

80 

— . 

— . 



32*4 

32*2 

100'' 

39*4 

354 

112 

— 

— 


36*9 

354 

105 

4*5 

29-0 

15 


Table 2 shows the percentage recovery of ter- 
valent Sb from citrated blood and plasma to which 
known amounts of stibophen were added. The same 
quantity of sfibophen was added to nos. 1, 2 and 3. 
Nos, 4 and 5 were obtained by centrifuging a sample 
of no. 1 immediately after the addition, while nos. 
6 and 7 were obtained after the blood had been 
standing for 6 hr. 

The technique finally adopted was as follows: 
1 ml. of the citrated blood was mixed- with 19 ml. 
of distilled water in a centrifuge tube. 2 ml. of 
20 % sulphosalicylie acid were added and the tube 
spun for 15 min. 5 ml. of the clear supernatant 
liquid were pipetted off, treated with 1 ml. of strong 
HCl, made up to 10 ml. with distilled water and 
examined immediately on the polarograph. The re- 
covery of tervalent Sb was about 80 % . ^ 

(6) Estirnxztion of toted antirriony, 1 ml. of citrated 
blood was pipetted into 7*5 ml. of 10% HCl and 
refluxed in a 50 ml. flask on a sand-bath for 2 hr., 
during which time the contents of the flask became 
clear except for a few brownish specks. After 
cooling, filtering and diluting to 20 ml., the solution 
was ready for the polarograph. 

In the course of this process, all the Sb was re- 
duced to the tervalent form, whatever had been its 
state in the original blood. The recovery was good, 
amounting to over 90 % of the theoretical value 
when tested upon blood containing known amounts 
of stibophen or Na antimony"^ gluconate. 

(c) Distribution of antimony between corpuscles 
and plasma. When the plasma was separated from 
a sample of blood to which Sb had just been added, 
the recovery was fomid to be more than 100%. 
The corpuscles, on the other hand, contaiaed prac- 
tically no Sb, indicating that little had been ab- 
sorbed. After standing for 6 hr., the concentration 
in the corpuscles was still very much lower than 
that in the plasma. 


precipitated from solution with HaS. The filtered 
solution containing the Sb was acidified with H2SO4 , 
evaporated to small bulk, and then treated with 
KI, aqueous pyridine and SO2 in the presence of 
gum acacia as a protective colloid. The Sb in the 
clear yellow colloidal solution of the complex iodide 
was estimated with a Hilger ‘Spekker’ absorptio- 
meter, calibrated with standard tartar emetic 
solutions. 

RESULTS 

The rate of urinary excretion of organic 
antimonials by laboratory animals 

(1) Preliminary work using the colorimetric me* 
thod, Boyd & Boy [1929] studied the excretion of 
‘neostibosanV (diethylamin© j^-aminophenylstibo- 
nate) after intravenous and intramuscular injection 
jpqto kala-azar patients, and showed that the initial 
rate of excretion of Sb in the urine was very high, 
about 20 % of the dose being recovered in the first 
2 J hr. Stibamine glucosid© ( ‘ neostam ’) is a quinque- 
valent compound of the same type as neostibosan, 
and its rate of excretion by mice was determined to 
see how It compared with that substance. A few 
tests were made on rats and hamsters, and certain 
other Sb compounds were also used. The results in 
Table 3 are a useful check on the more accurate 
polarographic determinations recorded in the fol- 
lowing section (6). 

(2) Results using the polarograph. The excretion 
of the following tervalent and quinquevalent anti- 
monials was investigated: 

Tervalent, antimonyl tartrate. Stibophen 
(‘Fouadin’)-Na antimony^^* 6^5-pyrocatecliol-3:5- 
disulphonate. ‘Anthiomaline’-Li antimony thio- 
malate. 

Quinguevalent. (a) {"’emetic type'"), Na Sb’^ glu- 
conate ( = * Solustibosan ’ ?). 
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Table 3. The excretion of antimony hy laboratory animals {colorimetric method) 


Animals 

3lice (groups 
of 10) 


Drug 

Stibamine 
gill coside 
(Sbv) 


Dose 

mg.Sb/kg. 


Method 
of in- 
jection 


% dose excreted in urine (hr.) 


% dose 
excreted 
totally in 


62-5 Subcut. 


Intrap. 


Stibophen ^ 

(Sbui) 


Intrav. 


Subcut. 


Intrav. 


Eats (groups 
of 6) 


Tartar 

emetic 

(Sbiii) 

Stibamine 

glucoside 

(SbV) 


. f 


Hamsters (mean Solusti- 
values for 10 bosan 
exps. with single 
anitnals) gluconate 


33^3 Intrap. 


160*0 Subcut. 


160*0 Subcut. 


0-1 1-2 2-4 

-Av 

4-6 

6-24 

24-48 48-72 72-96 ' 

6 hr. 

yv- 

24 hr. 

(11*4 6*9 6*6 

6*1 

13*7 


— 

— 

31*0 

44*7 

15*2 14*5 8*0 

6*0 

8*2 

_ 


— ■ 

43*7 

51*9 

8*3 5*1 5*3 

8-1 

2*8 

— 


— 

26*8 

29*6 

(13*1 13*3 8*2 

8*9 

9*8 

_ 

— ■ 

— 

43*5 

53*3 . 

16*6 4*8 6*9 

4*0 

7*7 

— 

— 

— 

32*3 

40*0 

(25*4 2*3 11*4 

6*9 

8*3 

— 

— 

— 

46*0 

54*3 

(35*4 6*9 5*1 

2*7 

5*5 

— 

— 


50*1 

55*6 

32*7 10*2 3*2 

2*3 

5*1 

— . 

— 

^ — 

48*4 

53*5 

,23*0 12*3 4*0 

13*6 

4*8 

— 

— 

— 

52*9 

57*7 

J32-4 3*8 13*0 

3*2 

5*4 

— 

_ 

__ 

52*4 

57*8 

141*0 5*1 3*2 

M 

— 

— 

— 

— . 

50*4 

„ — 

9-6 

2*2 

4*1 

5*7 

— 

— """ 

52*2 

56*3 

14*0 12-8 17*6 

6*6 

7*8 

— 

— 

— 

51*0 

58*8 

26*0 7*8 4*9 

2*3 

4*3 

— 

— 

— 

41*0 

45*3 

66*0 6*5 2*5 

1*7 

5*4 

— 

— 


76*7 

82*1 

3*0 

2*8 

16*0 

5*0 

__ 

— 

13*8 

29*8 

f 45*0 



1*4 

0*6 

0*4 


45*0 

41*0 

1 43*0 

[ 41*0 

61*2 


A 

1*7 

7*0 

5*0 

3*1 

0*6 

2*5 

1*6 

3*4 

0*3 

1*2 

1*2 

— 

41*0 

43*0 

41*0 

61*2 

56*7 



2*1 

1*6 

' — 

— 

56*7 


(6) (derivatives of phenylstibonic acid), Stibamine 
glucoside (‘Neostam’)-3Sr-glucoside of Na p- 
aminophenylstibonate, ‘Neostibosan ’-diethylamine 
p -aminophenylstibonate . ‘ Urea stibamine ’ -$-di- 
pbenylcarbamide-4:4'-distibonic acid and other 
eompoimds [Gray, Trevan, Bainbridge & Attwood, 
1 9 3 1 J . ‘ Stibacetin ’ -Na -aminophenylstibonate. 

Na antimony'^ gluconate, stibophen and tartar 
emetic were given by the subcutaneous, intraperi- 
toneal and intravenous routes, the first two com- 
pounds in both large and small doses. The small 
dose level of about 3*5 mg. Sb/kg. of mouse was the 
equivalent of about twice the ordinary therapeutic 
human dose. Smaller doses were not used, as the 
limit of sensitivity of the method was reached in 
the case of the 6-24 and 24-48 hr. samples. 

The large dose level of 35 mg. Sb/kg. was, of 
course, much larger than is ever given in clinical 
practice, and with some of the compounds given 
(tartar emetic, anthiomaline, urea-stibamine) was 
impracticable owing to its toxic effect. An inter- 
mediate dose was given in most of these cases. The 
full range of results is given in Table 4 and some 
examples are shown graphically in Figs. 2, 3 and 4. 

A single experiment was made using a rabbit, to 
ietermine the rate of excretion of Na antimony’^ 


gluconate at shorter intervals than 1 hr. after the 
injection. The animal was anaesthetized with nem- 
butal, and a cannula tied into the left ureter. 
A dose of the compoxmd containing 10 mg. Sb was 
injected into the left jugular vein, and the urine 
collected at 15 min. intervals, the cannula being 
washed out at each collection. Quantities of 4*8, 
5*1, 4*9 and 4*6% of the Sb in the dose injected 
were recovered during the first hour — 19*4 % in all. 

For comparison with the excretion rates, the 
total blood Sb levels in mice given the largest doses 
(35 mg. Sb/kg.) of stibophen and Na antimony^ 
gluconate by the three routes of injection were 
determined at intervals. Mice weighing 20-25 g. 
were used, and groups of four killed from time to 
time. The heart blood from all members of one 
group was pooled, and 1 ml. taken for a determina- 
tion (Table 5). 

( 3 ) Discussion, The excretion results show general 
agreement with earlier workers. The large doses of 
stibophen and Na antimony^ gluconate were ex- 
creted at a higher initial rate than the small doses, 
especially after intravenous injection. After the 
first hour, the rates of excretion at the two dose 
levels did not differ very greatly. By the end of 
48 hr., almost the same total percentage of the dose 
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Table 4. The excretion of antimony by mice 


% close 
excreted, 
totally in 


]\Ietiiod 
of in- 
jection 


% dose excreted in urine 


Tervalent compounds 


Siibcut. 
In trap. 
IntraY. 
Subcut. 
Intrap. 
Intrav. 
Subcut. 
Intrap. 
Intrav, 
Intrap, 
Intrav. 


Stibopben 


Tartar emetic 


Anthiomaline 


Quinquevalent compounds 

3*5 Subcut. 11-0 11-0 7-0 4-5 2-0 1-0 6*5 8*0 36*5 51*0 

3*5 Intrap. 11*5 11*5 5*5 3*0 1*5 2*5 10*0 8*0 35*5 53-5 

3*5 Intrav. 20*0 11*5 7*5 8-0 3*5 3*5 6*5 6*5 54*0 66-5 

12*5 Subcut, 38*0 12*0 4*0 3*5 2-5 2*0 4*0 3*5 62*0 69*5 

(2*5 Intrap. 23*0 6*0 8*0 6*0 1-5 1*0 6*5 4*5 45*5 56*5 

12*5 Intrav. 40*5 10*5 2*5 1*5 5'5 1*5 4*0 2-5 62*0 68*5 

*Stibamine 3*5 Intrav. 15*0 15*0 10*0 5*0 5*0 2*0 7*0 5*0 52*0 64*0 

glucoside 33*3 Intrav. 32*0 12*0 5*0 3*0 2*0 1*0 4*0 2*0 55*0 61*0 

*Neostibosan 3*6 Intrav. 14*0 11*0 7*0 0*0 4*0 3*0 7*0 4*0 39*0 50*0 

25*6 Intrav. 22*3 10*2 8-2 1*6 1*0 2*5 6*4 3-1 45*8 55*3 

*Urea-stibamine 3*5 Intrav. 18*0 11*0 9*0 4*0 3*0 1*0 4*0 6*0 46*0 56*0 

11*2 Intrav. 13*7 16*5 8*0 6*2 1*8 5*3 11*6 3*1 51*3 66*0 

’^'Stibaeetin 4*2 Intrav. 14*0 11-0 13*0 7*0 5*0 2*0 10*0 5*0 52*0 67*0 

34*3 Intrav. 28*2 7*7 11*2 6*1 5*0 1*0 2*9 3*0 59*2 65-1 

Tests made on groups of 10 mice. AU the other figures are means of two experiments, each using a group of 10 mice. 


ISTa antimony 
gluconate 


Intravenous Intraperitoneal Subcutaneous 


Stibophen Tartar emetic Anthiomaline 


Time (hr. after injection) 

Tig. 2. The excretion of stibophen by mice. (Dose approx. 
35 mg. Sb/kg.) 


Time (hr. after injection) 

Tig. 3. The excretion of tervalent antimony compounds 
after intravenous injection in mice. (Dose approx. 3*5 mg, 
Sb/kg.) 
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Na antimony gluconate, but tartar emetic was 
much slower, and anthiomaline slower still. 

Intravenous injections were in every case the 
most rapidly excreted. Intraperitoneai and sub- 
cutaneous doses did not differ greatly in their rates 
of excretion. 


given had been excreted at both dose levels, the 
excretion rate during the 6-48 hr. interval being 
proportionately gi*eater with the small doses. Weese 
[19385] suggests that the large doses flood the whole 
body, and the ‘overflow’ is excreted very rapidly, 
the amoimt of the overflow depending upon the 


Sodium 

antimony'^ 

gluconate 


Urea 

stibamine Neostibosan 


Stibamine 
Stibacetin glucoside 


Time (hr. after injection) 

Fig. 4. The excretion of quinquevalent antimony compounds after intravenous injection in mice. 

(Dose approx. 3*5 mg. Sb/kg.) 


Table 5. Blood antimony in mice given injections containing 35 mg. Shjhg, 


Groups of four animals were killed at each time period, and the blood pooled 

Blood antimony (mg./lOO ml.) (min. after injection) 

Method of f — ^ ^ ^ ^ — 

injection 0 5 10 Id 20 30 60 120 180 

Subcut. 0-6 ’ 1-7 2-0 — 2-0 1-7 1-4 M 0 

Intrap. 0*6 — 2-6 2-0 2-2 2*0 1-6 1*2 0-6 

Intrav. 4*8 0-7 1-7 — 1-7 1-7 M 0-3 0 

Subcut. 0-3 0-8 1*3 — 1-4 Id 0-5 0 0'3 

Intrap. 0*2 1-0 I'2 — 1-0 1-2 0*8 0-4 0 

Intrav. 7-8 4*0 4*0 — 2*3 1*2 1*0 0*8 0 


Drug 

Stibophen 

(Sb“9 


Na antimony’^ 
gluconate 
(Sbv) 


amount injected, Tartar emetic shows a fairly con- 
stant rate of excretion over the first 6 hr., but the 
rate is considerably greater with mice than has been 
reported in human clinical cases [Brahmachari 
et ah 1924; Boyd & Boy, 1929; Hassan, 1937]. The 
most rapidly excreted antimonial in the quinque- 
valent group was Na antimony’^ gluconate, and 
then in oMer came stibacetin, stibamine,, glucoside, 
urea-stibamine and neostibosan- — though there was 
little to choose between them. Stibophen in the 
tervalent group was not a great deal slower than 


The rabbit experiment showed an almost con- 
stant rate of excretion during the first hour after 
a dose of Na antimony'^ gluconate. If the other 
kidney is assumed to have excreted at the same 
rate, about 40 % of the dose was eliminated in the 
fibpst hour, a result which agrees with the mouse 
experiments. 

From Table 5 it will be seen that in the course of 
about 3 hr., all measurable amounts of Sb had 
disappeared from the blood stream. It is inter- 
esting to see how efficient the absorption of the two 
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Vol. 37 

eompoiinds iiivestigated appears to be. Iii the time 
taken to kill a mouse* and remove blood from the ■ 
heart, appreciable , q;uantities of Sb reached the 
■ blood stream after subcutaneous andintraperitoneal 
injection. 

The excretion of antimony by human subjects 

* The poiarograpliic method was applied to the 
determination of Sb excretion in human subjects. 
Doses were given intravenously or intramuscularly, 
and the urine and the capillary or venous blood 
collected at intervals. Polarographic measurements 
were much easier than with mice, owing to the 
larger amounts of Sb present. The results are shown 
in Tables 6 and 7 and Pig. 5, and though the 
number of experiments is small, it will be seen that 
in the ease of Na antimony’^ gluconate, the results 
correspond to the values for mice fairly closely. 
With stibophen, however, the rate of excretion is 
rather slower than in mice, though it should be 
noted that the small dose given to the mice was 
5 times the equivalent of the largest human dose 
(subject 2). Individual variations were marked. 



Pig. 5. The excretion of sodium antimony"^ gluconate 
and stibophen by human subject (1). 


Table 6. The excretion of antimony by human subjects 


% dose 
excreted 


Dose 

mg./Sb 

Sub- 

Method of ject / 
injection no. 



% dose excreted in urine (hr.) 

A 



totally in 

A ^ 

0~1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-12 

12-24 24-48' 

6 hr. 

24 hr. 

42-5 

Intrav. 


2 

8*1 

1-4 

1*6 

0-8 

1*0 

1-0 

2*6 

2*8 

54 

13-9 

24*7 

8-5 


j 


6 

3 

2 

1 

2 

■2 ' 

2 

1 

1 

16 

20 



li 

3 

3 

2 

2 

5 


5 

3 

4 

15 

27 " 

8*5 

Intramusc. 

it 

3 

11 

1 

5 

2 

3 

1 

2 

2 

2 

2 

2* 

4 

2 - 

2 

4 

1 

4 

11 

25 

18 

35 . 

100 

Intrav. 

J 

[2 

26-7 

8-2 

7*9 

5-8 

4*7 

3*9 

7*9 

7*8 

3-5 

57*2 

76*4 

1 

s 

17*5 

15*1 

8*9 

6*1 

7*0 

24 

20*4 

' — 

57*0 

77*4 

50 

>> 


1 

6 

,7 

44-0 

43*6 

38*8 

17*6 

17-4 

17-2 

10*4 

8*6 

8-4 

6*0 

7*2 

6*9 

3*0 

4*7 

‘2*4 

1*7 

2-2 

3*0 

2*7 

4*0 

2*8 

1*0 

2*3 

1*9 

2*5 
2*4 
2*5 . 

81-7 

83*7 

75*7 

87*9 

92*4 

82*9 

9-0 

if 


1 

35*4 

15-8 

8-3 

5*9 

2*0 

1*9 

3*1 

2*3 

5*1 

69-3 

79*8 

50 



3 

21*0 

9-0 

6-0 

4*0 

3*0 

3*0 

— 

— 

— 

46*0 




Table 7. 

Blood antimony 

in human subjects 







Dose 

mg,/Sb 

Method 

of in- Subject 
jection no. 



mg. antimony/100 ml. blood (hr.) 





0-5 

0*6 

1*0 

2*0 

3*0 

4*0 

5*0 

6*0 

24-0 


100 

Intrav. 


1-0 

— 

0*6 

1*5 

0*5 

1*1 

0*3 

0*8 

0 

0*3 

0 

0*4 

0 

0 

0 


50 



15 

1*3 

1-3 

04 

0-3 

0-4 

0-3 

— 

0 

0*1 



0 

0 

side 

50 



3 


— 

_ 

1*6 

— 

0*8 

• — 


_ 

, — 


Drug 

Stibophen 

(Sbia) 


Na antimony’'^ 
gluconate 
(Sbv) 


Stibamine 

glucoside 

(Sb-^) 


Drug 

Na antimony'^ 
gluconate 
(Sb'") 


Stibamine glucoside 

Subject (1) Normal male, 27. 

(2) Normal male, 27. 

(3) Male, 24, under treatment for Mediterranean 

kala-azar. 

(4) Normal male, 19. 


Subject (5) Normal male, 20. 

^ . (6) Normal male, 26. 

(7) Male, 25, although suffering from renal stones, 
is at present in good health. 
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A dose of Na antimony ^ gluconate was much more 
rapidly excreted than one of stibophen containing 
an equivalent amount of Sb. Hassan [1937] pub- 
lished some results about stibophen excretion, but 
subsecpiently corrected these [1938 a], as it was 
found that a considerable proportion of the Sb in 
the drug used in the earlier experiments had become 
oxidized to the quinquevalent state. Our results 
agree with those given in Hassan’s first paper, 
though the drug we used was completely free from 
quinquevalent Sb. It is perhaps worth noting that 
the ‘rise ’ in excretion rate reported by Hassan after 
24 hr. is due to the fact that the period of collection 
of urine was longer than for the earlier samples. If 
the excretion per hour is calculated, the results lie 
upon a steadily falling curve. 

The influence oj the valency of injected antimony 
on its metabolic fate 

The low toxicity of the quinquevalent compounds 
must be due, in part at least, to their high rates of 
excretion. Their therapeutic advantages over ^the 
tervalent compounds in the treatment of kala-azar 
have never been satisfactorily explained, A direct 
leishmanicidal action is not generally favoured, 
owing to the low toxicity of the compounds to 
mammals, and it is unlikely that mere stimulation 
of the host’s reticulo -endothelial system could ac- 
count entirely for their activity. 

It has therefore been assumed by analogy with 
the quinquevalent arsenic compounds that reduc- 
tion takes place in the body to the tervalent state, 
the stibinoxide grouping {R — Sb=0) beirig para- 
siticidal. Since it has been shown above that the 
polarographic method wiU distinguish between ter- 
valent and quinquevalent Sb, this method seemed 
to offer a new approach to the problem. 

Brahmachari et al. [1924] showed that although 
the initial excretion of urea-stibamine was rapid, the 
rest of the dose came away slowly at about the same 
rate as a dose of tartar emetic, and advanced this 
slender evidence as proof that the slowly excreted 
fraction of the quinquevalent compound had been 
reduced. Bock [1927] thought to show from the 
results of toxicity tests that the Sb of stibophen was 
oxidized to the quinquevalent state and so detoxi- 
cated. Before the application of the polarograph 
to the problem, one of us had shown that it was 
very unlikely that any change in valency had oc- 
curred in the initially excreted Sb. The 24 hr. urine 
collected from groups of 10 mice injected with 
stibophen or Na antimony'" gluconate was passed 
through a Seitz filter, and the Sb content deter- 
mined colorimetrically. Doses of the excreted Sb 
were then injected into mice infected with Trypano- 
soma equiperdum, using animals dosed with fresh 
solutions as controls. No trypanocidar activity at 
all was observed with Na antimony'" gluconate or 


with the corresponding urine, but with stibophen 
the activity at three dose levels was almost iden- 
tical with that of urine containing the equivalent 
amoimts' of Sb. As Na antimony gluconate has a 
marked trypanocidal action, and the quinquevalent 
analogue of stibophen no action at all, it appears 
that no valency change could have taken place. 

By means of the polarograph, it could easily 
be demonstrated that up to the sixth hour no 
measurable amoimts of Sb of changed valency wnre 
excreted either in animals or in man. Also, by 
precipitating the protein in mouse blood with sul- 
phosalicylic acid, it was shown that the Sb in the 
clear solution was unchanged in valency after sub- 
cutaneous or intravenous injection of Na antimony'" 
gluconate. It was, however, more difficult to be 
sure of the fatfe of the Sb remaining in the tissues 
after the first few hours of excretion. The amounts 
of substance in every case were very small, and it 
was difficult to be sure that any valency change 
observed had occurred in the body, and not during 
subsequent treatment. 

The presence of HOI is essential for these polaro- 
graphic estimations, and this introduces certain 
limitations, e.g. it was found that when Cj[uinc|ue- 
valent compounds were treated with normal HCi, 
hydrolysis took place with the formation of ter- 
valent Sb. Thus with 0-02 % solutions of stibamine 
glucoside, neostibosan, urea-stibamine and stiba- 
cetin, about 30-50% of the Sb was recorded as 
tervalent on the polarogram. The hydrolysis took 
place immediately upon addition of the acid, and 
no appreciable change was observed on standing 
for 1 hr. In the case of Na antimony'" gluconate 
however, the reduction was only very slight — about 
1-2 % with a 0*02 % solution, and very much less 
with more concentrated solutions. This is pre- 
sumably because, unlike other quinquevalent anti- 
monials, the Sb is here joined to the carbon through 
the oxygen atom, and not directly. 

We are grateful to Mr W. H. Gray of the Wellcome 
Chemical Research Laboratories for the suggestion 
that the hydrolysis of the p-aminophenylstibonic 
acid derivatives probably takes place as follows: 

I OH 

I I HCI 

72. NH— —Sb=:0 


OH-j-NaSbOa + HsO. 



72. NH- 


We have shown that treatment with HCI, fol- 
lowed by neutralization with NaOH, doubles the 
toxicity of stibamine glucoside as compared with 
the untreated substance to which an equivalent 
amount of NaCl had been added. This is further 


POLAROGExiPHY OP ANTIMONIAL EXCRETION 


207 


e'Fiden,ee that the toxic tervaleiit compound had 
been produced. , 

Our choice of a quiiiquevaient compomid for the 
investigation of valency changes was therefore 
limited to Xa antimony^' gluconate, which had to 
he free from any tervalent Sb, since the presence . 
of as little as 0-1 % of tervalent Sb has, been found 
to be associated with increased toxicity. 

Another source of difficulty wffien dealing with 
the valency state of Sb excreted in 24 hr. samples 
of urine, was the change wiiich occurred on standing. 

Table 8. The effect of hcicterial growth in urine 
containing stihophen equivalent to 0-00 14 % 



Time in br. 

26 

52 

71 

95 

0/' 

/o 

of Sb^^i in test sample (no HCl) 

90 

80 

73 

63 

% 

ofSbiii in control (+ HCl) 

99 

100 

— 

— 


Time in br. 

124 

148 

169 


% 

of Sb*^^ in test sample (no HOI) 

56 

45 

34 


0/ 

/o 

of Sbi«m control (+ HCl) 

— 

., — 

103 



The Sb in stibophen, for example, becomes pro- 
gressively oxidized to the quinciue valent form if 
bacterial growth is not prevented. Table 8 shows 
the effect of unrestrained bacterial activity on urine 
containing a known amount of stibophen. Urine 


cultures were of the ty|3e used, for the routine pre- 
paration of yellow-fever virus, and 'were kindly 
provided by Dr F. 0. MacCallum. Control cultures 
which had been killed by heating were incubated 
at the same time, and although the differences 
shown in Table 10 are small, there was a distinctly 
larger amount of tervalent Sb in the living than in 
the dead tissue cultures. A similar small::„effect was 
observed upon incubating with liver slices in Tjnrode 
solution. 

When a known amount of Xa antimony'" glu- 
conate ( = 2 mg. Sb'") was incubated with an emul- 
sion of mouse liver (2 g. in 20 ml. saline) 8 % of the 
Sb was reduced in 3 hr., and 9 % in 24 hr. With an 
emulsion of kidney (0*5 g. in 20 ml, saline) about 
4 % was reduced in 24 hr. Xo m vivo trypanocidal 
activity could be detected in the incubated solu- 
tions, and it appears therefore that the reduction 
of Sb by living tissues is less rapid than the re- 
duction of quinquevalent As [Levaditi, 1909 a, 6; 
Lourie, Murgatroyd & Yorke, 1935]. 

(6) Excretion experiments. It is in the later frac- 
tions of urine collected after a dose of Sb that any 
reduced substance must be sought. Since, when 
mice are used, the absolute amounts present in these 
fractions are very small, we turned our attention 


Table 9. The effect of incubating at S7° rabbit blood containing Na antimony'^ gluconate 

equivalent to 0-001% Sb'^ 

% antimony recovered (hr. after incubation) 




0 

0*5 

1*0 

2*0 

3*0 

4*0 

5-0 

6*0 

24*0 

72*0 

96-0 

Experimental 

Sbiii . 

6 

7 

6 

7 


7 

— 

5 

9 

10 

15 

(blood) 

Total Sbiii and Sb^ 

95 

— 

— 

— ■ 


98 

— 

— 

— 

105 

100 

Control 

Sb«i 

6 



6 

— 

4 

— 

4 

— 

4 

6 

6 

(water) 

Total Sbiii and Sb^ 

100 

— 

— 

— 

93 

— 

— 

— 


108 

95 


was, therefore, always collected from the metabolism 
cage in vessels containing HCl, since this favours 
reduction, as well as preventing bacterial growth. 

By a series of observations, we have satisfied 
ourselves that a small proportion of injected Sb 
is reduced in the body. The evidence for this is as 
follows: 

{a) In vitro experiments. Table 9 shows the effect 
of incubation at 37*^ of normal rabbit blood con- 
taining Xa antimony’^ gluconate equivalent to 
0*001 g./lOO ml. of Sb. Samples were withdrawn 
from time to time, treated with sulphosalicylic acid 
to remove the protein, and the Sb content deter- 
mined. 

It will be seen that there is a small but significant 
increase in the proportion of tervalent Sb present 
after 72 hr. The tervalent Sb recorded in the fresh 
solution is due to the slight reduction by HCl. 

Table 10 shows the effect of incubating small 
quantities of Xa antimony^ gluconate with living 
chick-embryo tissue in serum Tyrode. The tissue 


to human experiments. The urines collected from 
subjects 2 and 3 showed a considerable amount of 
tervalent Sb, but as they had been allowed to stand 

Table 10. The effect of incubation of Na antimony'^ 
gluconate with living chich embryo tissue 


Experimental (living 
tissue culture) 


Control (culture killed 
by heat before addi- 
tion of Sb) 


Cone, of 
total Sb 
in culture 
mg./lOO ml. 

0*48 

0*80 

1*26 

1*40 


%Sb 
recovered 
as Sbiii 

4-2 

6*3 

IM 

10*7 


a considerable time with HCl, this evidence was 
worthless. The urine samples from subject 1, how- 
ever, were acidified and polarographed immediately 
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pa eoliectioii, so that any tervalent Sb present must 
have been produced in the body. 

The proportions of tervalent to total Sb present 
are shovTi in Table XL The fractions collected at 
all periods except the 12-24, 28-3S, and 33-45 hr. 
collections were from a single emptying of the 
bladder, and they show a considerable, and in- 
creasing, proportion of tervalent Sb. 

Table 11. Antimony excretion by subject 1 after a 
dose of Na antimony’^ gluconate equivalent to 
SOmg.Sb^ 


Time of 

VoL of 

Total Sb 

Sbiii 


collection 

urine 

excreted 

excreted 

Sbi« 

hr. 

ml. 

mg. 

mg. 

0 / 

/o 

0-1 

700 

22-0 

0*49 

2*2 

1- 2 

193 

8-8 

0*10 

M 

'2- 3 

212 

5*2 

0*16 

3-1 

3- 4 

68 

2*5 

0*19 

7*6 

4r- 5 

62 

1-5 

0*04 

2*7 

5- 6 

42 

0*88 

0*01 

M 

6- 9 

172 

M6 

0*18 

15*5 

9-12 

312 

0-19 

0*06 

32 

*12-24 

714 

0-50 

0*50 

100 

24-28 

360 

0-25 

0*14 

56 

*28-33 

604 

0-55 

0*30 

55 

*33-45 

408 

0*41 

0*28 

68 

45-48 

84 

0*06 

0*03 

50 


* Collected in several fractions, and allowed to stand 
until end of coUection period. 

(o) Antimony in the body organs. We have con- 
jSrmed the findings of other workers [Boyd, Napier 
& Roy, 1931; Hassan, 19385] that Sb is concen- 
trated in the liver, and is present in only very small 
quantities in the other organs if the animals are 
not killed immediately after injection. The livers of 
treated rabbits and mice contained easily measurable 
amounts of Sb determined by the method for total 
Sb in blood as is shown in Table 12. In order to 


Table 12. The recovery of antimony from the livers 
of animals injected with Na antimony'^ gluconate 


Animal 


Sb 

present 

mg./g. 

liver 

Re- 

covered 

Sb«i 

%0f 

total 

Rabbit given 11 

Test 

0*01 

100 

doses of Na anti- 

Control (normal 

0'02 

1 

mony'^ gluconate 

liver -hSb'^) 



(170 mg. Sb in all) 
Nine mice given 10 

Test (9 livers) 

0-03 

25 

doses of Na anti- 

Control (10 nor- 

0*023 


mony^ gluconate 
(180 mg. Sb in all) 

mal livers 4- Sb^) 




determine the valency of the liver Sb, weighed 
amounts of liver from animals which had received 
a series of doses of Na antimony’^ gluconate were 
ground with sand and ice-cold saline as soon as 
possible after removal from the body. We did not 
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hope by this method to extract all the Sb present, 
but merely to determine the valency state. A con- 
trol experiment was made in each case by grinding 
up normal liver with a Imown amount of Na anti- 
mony'^ gluconate and saline. The protein was pre- 
cipitated with sulphosalicylic acid, the solution was 
centrifuged, and HCl added to the supernatant 
solution which was polarographed at once. It will 
be seen from Table 12 that far more tervalent Sb 
was recovered from the livers of the injected 
animals than from the control experiments. We 
have no information as to the fate of the rest of 
the Na antimony^ gluconate molecule. 

SUMMARY. 

1. The rapid polarographic method of analysis 
has been used for the determination of antimony 
in biological materials. 

2. The rates of urinary excretion of a series of 
organic antimonials (tartar emetic, ‘anthiomaline’, 
stibophen, stibacetin, stibamine glucoside, ‘neo- 
stibosan’, ‘urea-stibamine’, sodium antimony^ glu- 
conate) have been measured after injection into 
laboratory animals. Three compounds (stibophen, 
stibamine glucoside and sodium antimony^ glu- 
conate) have been tested in a small number of 
human subjects. 

3. It has been shown that about 30-40 % of the 
antimony content of ski injection of stibophen or of 
one of the quinquevalent compounds is excreted by 
mice in the urine during the first 1 or 2 hr. The 
subsequent excretion rate is less rapid. Small doses 
are excreted more slowly than large ones. Tartar 
emetic and ‘anthiomaline’ do not show such a high 
initial outflow. In the human subjects, a dose of 
Na antimony^ gluconate was excreted more rapidly 
than one of stibophen containing the same amount 
of antimony . 

4. The blood antimony was determined at inter- 
vals after injection. No measurable amount could 
be detected after about 3 hr. 

5. The antimony excreted during the first 24 hr. 
after injection of ter- or quinquevalent compounds 
was unchanged in valency. After an injection of Na 

, antimony'^ gluconate, part of the antimony re- 
maining in the body was reduced to the tervalent 
state, but the quantity was small. Tervalent anti- 
mony was recovered from the livers of injected 
animals. 

6. In vitro experiments have demonstrated the 
reduction of quinquevalent antimony by living 
tissues. 

Our thanks are due to our colleagues, especially Messrs 
F. A. Bobinson and W. Solomon, for their helpful sugges- 
tions, and we are indebted to Miss H. Weil and Messrs 
J. Judd, B. Layzell and E. Rogers for their painstaking 
assistance. 
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The Biological Assay of Vitamin Dg 

By j. I. M. JONES akd JENTISriE F. JBiIjLIOT, From the Crookes Laboratories, 
Gorst Boad, Park Royal, London, N.W. 10 

{Received 4 December 1942) 


Two methods are generally used for the biological 
assay of vitamin Dg on chicks, viz!, the A.O.A.C. 
method which uses the bone ash of the tibia as 
a criterion of response, and the method of Olsson 
[1936], in which the tarso -metatarsal distance (t.m.t.) 
measured on an X-ray film is so used. Both 
methods use criteria which are measured in funda- 
mental units (mass or length, respectively). This 
gives them an advantage over those methods used 
in rat assays where a visual estimate is made by 
comparison with an arbitrary set of standards. The 
Olsson radiographic method also involves less time, 
expense and labour, since the chicks are not killed. 


The technique has been described elsewhere [Olsson, 
1936; 1939; Baker & Wright, 1940] and the method 
has been adopted (1940) as standard by the British 
Standards Institute. 

The present paper deals with some investigations 
on the nature of the test diet and its effect on the 
t.m.t. distance, and shows that on a suitable diet, 
gain in weight runs parallel with decrease in t.m.t. 
distance and affords a criterion for assay of vita- 
min Dg of the same order of accuracy as the t.m.t. 
method. Experience with diet no. 1 of the British 
Standards Institute Specification 911/1940 indi- 
cated that differences in t.m.t. distances between 


\ 
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: liigli and low doses of vitamin D were too small to 

- be satisfactory, and resulted in a very low slope to 

til© response curve. Baker & Wright [1940] quote 
cases wdier© the difference between the t.m.t. dis- 
H ■ taiices for their extreme doses over an 8 : 1 range, 

is approximately 0*5 mm. Their experience is con- 
1 firmed in this paper. Alternative diets were investi- 

’ ’ gated with a view to increasing this difference. 

These diets comprised the A.O.A.C. diet used in 
! the bone-ash test ; a diet used by Olsson (private 

' I , communication) ; and a diet used by Dr Wilkinson 

i ii of Lever Bros, (private commimieation). Olsson’s 

1 i : . diet was a modification of his published diet [1936] 

: I in which bone meal is included. 

;i ' 

METHODS 

■' ■ •• ■ ' ' ' 

Chicks used. Sex-linlted cockerels (Light Sussex and 
: Ehode Island Red) were used in ail experiments except in 

’ test 2 , where pullets were used as well in equal number, 

i ; ^ The chicks were housed in all-metal brooders, 

i each of 6 units, arranged in three rows of two, each unit 

; having a warm chamber, and an unheated run. The brooders 

I ; were installed in a thermostatically controlled room with 

1 air circulation controlled by fans. Temperature in the heated 

; chamber was 85-90'^ F. and in the room 80° F. during the 

^ ' first week, and it was lowered 5° F. each week for the next 

4 weeks. 

Food. Food was ]>repared in an electrically driven Hobart 
mixer. In all, six series of tests were made. Complete 
analyses of the diet were made in certain cases. Calcium 
and .phosphorus determinations were done in aU cases except 
series I. The composition and analysis of the diets are given 
in Tables 1 and 2. Variations between different batches of 
diet made to the same formula make it necessary to detei'- 
mine at least the Ga and P content of each batch, and to 
adjust these values to a constant figure, e.g. in diet A, 
suggested to us by Dr Wilkinson, values for CaO and P 2 O 5 
of 2*83 and 1 •3-1-4% respectively were recommended, but 
the diet when made up for the test showed 1-09 and 2-24% 


Table 1. Composition of various diets fed to chicks 


Diets 

B.S.I. 

Diet A 

A.O.A.C. 

Olsson 

Bran 

16 

15 

— ... 

— 

Ground yellow corn 

35 

33-25 

57 ■ 

34-4 

Middlings 

23 

38 

28. . 

28-4 

Crude acid pjJtd. casein 

— 

— 

12 

— 

Dried skim milk 

8 

, — 

. ■ — ; 

9-4 

Meat meal 

10 

— 

— 

: 

Grass meal dried 

5 

. — ■" 

. — , 

5-5 

Soya- bean meal 

— 

- — 

. — 

15-4 

Bone meal 




4-4 

Fish meal 

— 

5 

— 

— ; 

C%(P 0 fi 2 

— , ■ 

— 


. ■ ■ 

Iodized salt 0*02 % KI 

0-5 

' 

1 

I-O 

MnS04.4HoO 

, — 

0*0094 

0-02 

. — , 

OUSO 4 ^ 


0-0068 

: , 

■ — , 

Charcoal 

— 

0*256 


0-5 

Ground limestone 

1-5 

4-0 


. . — ■ 

NaCl 

— 

0-368 


- ■ . 

FegOg 

— 

0-111 



Yeast 

. — 

■ 

■ 2 . : 


Dried cattle food yeast 

— 

2-5 



Olive or arachis oil 

1*0 

1-0 

1 

1-0 

Vitamm A oil (iOOOi.u./g.) 

— 

0-5 ' 




Table 2 

{a) Analyses of various diets 


Material 

' B.S.I. 

- A.O. A.C. 

Olsson 

Water 

, 9-12 

' 6-54 

1-39 

Fat 

: 5-88 

5-10 

6-91 

Protein (N x 6-25) 

17-08 

20-73 

17-28 

Starch 

1-20 

6-00 

2-00 

Sugar (reducing) 

0-71 

0-25 

0-28 

Ash 

4-48 

4-86 

6-63 

Ca 

1-45 

0-50 

0-83 

P 

1-36 

1-34 

1-09 

Fe 

0-017 

0-009 

0-018 

Mg 

0-29 

0-23 

0-41 


(h) Ratio of calcium to phosphorus in 
various diets fed to chicks 
Test no. 


Diet 

2 

3 

4 

5, ' 

e' 

B.S.I.: Ca 

1-45 

1-37 

0-84 

■' 



P 

1-36 

1-14 

1-25 

— ' 

— 

Ratio 

1-063 

M93 

0-669 

— 

— 

A.O.A.C.: Ca 

0-50 

0-43 

— 

__ 

_ 

P 

1-34 

0-91 

— 


— , 

Ratio 

0-358 

0-450 

— 

— 

_ 

Olsson; Ca 

— 

— 

0-83 

0-94 

1-17 

P 

— 

— 

1-09 

MO 

1-07 

Ratio 


— 

0-764 

0-856 

1-093 

respectively. The 

ratio was, therefore, adjusted 

by the 


addition of CaCOg so that the final quantities were 4*54% 
CaO and 2-24% P 2 O 5 . The results obtained with this diet 
differed from those obtained by Dr Wilkinson, ]30ssibly 
owing to the higher level of Ca and P, though the ratio is 
the same. There is evidence that doubling both Ca and P 
in Olsson’s diet leads to smaller t.m.t. distances, but most 
of the chicks died within 6 weeks. 

The Ca and P in the Olsson diet were maintamed at 
0*85-1 -0 and l-O-l-l % res|)ectiveiy, giving a ratio of Ca : P 
of approx. 1:1. Iii these separate experiments no adjust- 
ment was found necessary, the figures for Ca being 0-83, 
0-94, 1-17, and for P 1*09, 1-10 and 1-07% respectively. 
The amount of food consumed each group of birds was 
determined every week. 

Vitamm D ^nipply. The B.S.I. standard solution, i.e. 
crystalline vitamin Dg dissolved in arachis oil to give a 
solution containing 1 unit/mg. of solution, was used, the 
units being calculated on the basis of 40 x 10®/g. crystalline 
product. The solution was stored in a refrigerator and 
diluted with arachis oil to correspond to 1 % of the ration, 
as required. 

Procedure. 15-20 birds wer© allocated to a group ( 6-8 in 
negative controls). Day-old chicks were placed immediately 
on the basal diet without any addition of vitamm for 1 week. 
They were weighed and marked and again weighed at weekly 
intervals during the experiments. The dose of vitamin Dg 
was incorporated in the diet from the 8 th day onwards, 
and the birds were X-rayed when 4, 5 or 6 weeks old. 

X~Ray technique. The tarso-metatarsai joints were X- 
rayed on Kodak Crystallex film with exposure of IJ see. 
at 12 in., 30 mA., 39 kV. Prints were made from the nega- 
tives on ultra-contrasting bromide paper, and the t.m.t. 
distances were measured, at a magnification of approx. 5, 
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with a travelling microscope (vernier) reading to 0-05 mm. ' 

An accuracy greater than this is not considered feasible. 
Whereas in general the edge of the tarsus was w'eil defined 
even when magnified 5 times, the edge of the metatarsus 
\¥as sometimes difficult to locate, and the best solution was 
found to be that of Hainan [Baker & Wright, 1940] which 
consists in marking with a scalpel a prmt viewed wdthout 
magnification. Recent experiments show that the new^ 
Ilford Kryptoscreen X-ray paper gives good results and 
avoids the labour of printing. The reproducibility of such 
measurements is shown in Table 3 A, which gives the data 
obtained from tw-o sets of photographs, each of 20 bones, 
measured on each of 5 separate days, by two observers. 

The photographs were shuffled each time by a 
person. 

Table 3 A. Mean values of t.mJ, distances 
for sets of 20 photographs (mm.) 


Set 1 

Set 2 

Observer Observer 

Observer Observer 

A B 

A B 


Reading 1 

3*73 (5) 

3-69 (8) 

0-84 (3) 

0-89 (5) 

2 

3-71 (3) 

3-68 (0) 

0*86 (0) 

0-82 (5) 

3 

3-74 ( 0 ) 

3-63 (0) 

0-89 (0) 

0*82 (0) 

4 

3-73 (0) 

3-70 (0) 

0*86 (8) 

0-80 (3) 

5 

3-73 (8) 

3-69 (5) 

0-84 (5) 

0*85 (0) 

Overall mean 

3-73 (2) 

3-68 (1) 

0*86 (1) 

0-83 (9) 

Mean difference be- 
tween extreme read- 
ings for each bone 

0-15 (5) 

0-19 (T) 

0-10 (5) 

0-15 (0) 


In a series of measurements of this same photograph 
therefore there is liable to be 'a difference between extreme 
readings of: 

0-2 mm. in distances of approx. 4 mm., 
i.e. ±2*5% from the mean, 

and of 0-15 mm. in distances of approx. 1 mm., 
i.e. ±7*5%. from the mean. 

In one experiment two sets of prints w^ere made and 
marked and measured by two separate observers. The 
results are shown graphically in Big. 1 and are summarized 
in Table 3 B. 



Big. 1. Uniformity of t.m.t. measurements. 


Table 3 C shows assay results calculated from independent 
measurements made on separate sets of prints by two 
observers. The results calculated by the gain-in-weight 
method are included for comparison. 
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Table 3B. Results of measurements hy different 
observers on the same prints 

Observer 1 Observer 2 


r 

Mean 

Standard 

( 

Mean 

Standard 

Dose group 

t.m.t. 

deviation 

t.m.t. 

deviation 

5 u./lOO g. diet 

3-891 

0-8112 

3-771 

' 0-7206 

10 u./lOO g. diet 

3-739 

0-8360 

3-683 

0-7856 

15 U./100 g. diet 

20 u./lOO g. diet 

3-336 

1-2020 

■ 3-178 

1-1340 

2-131 

0-8823 

2-144 

.. 0-5825 

40 u./lOO g. diet 

1-359 

0-3871 

1-382 

0-5074 

Weighted mean and 
pooled standard 
deviation 

2-897 

0-8151 

2-838 

0-7790 


Table 3C. Results of assays hy different 
observers, tjn.t, method 


Material: C.L.O. emulsion reputed to contain 50 ii./g. 
Observer 1 Observer 2 




Fiducial 


Fiducial 


Gain 

Assay 


limits 


limits 


in wt. 

period 

Po- 

P 0-95 

Po- 

PO-95 

Po- 

method 

weeks 

tency 

% 

tency 

0 / 

; /o 

teney 

0 ,' 

yo 

4 

47 

76-126 

52 

79-123 

48 ' 

75-131 

5 

46 

78-124 

46 ' 

78-124 

46 

79-125 ■ 

6 

48 

75-129 

— 

— 

47 

79-123 


RESULTS 

Six experiments were made, but one, no. 3, was dis- 
carded because the chicks failed to grow. This was 
attributed by the hatchery to a breakdown of the in- 
cubators. The remaining experiments were as follows : 

Exp. 1 . An attempted assay using B.S.I. diet 
no. 1. It is considered misatisfactory owing to the 
low slope of the regression line. 

Exp. 2. Comparison of B.S.I. and A.O.A.C. diets. 
The results on the B.S.I. diet confirmed those in 
Exp. 1 ; those on the A.O.A.C. diet showed a greater 
slope of the regression line and a parallelism be- 
tween t.m.t. distance and the reciprocal of the gain 
in weight. 

Exp. 3, Discarded. 

Exp. 4. Comparison of B.S.I., A & GIsson diets. 
B.S.I. and A diets showed similar results, which 
confirmed Exps. I and 2, viz. they gave rela- 
tively uniform growth at all dose levels, but very 
low slopes to the regression line. Olssoii’s diet gave 
results similar to the A.G.A.O. but appeared to be 
less severe “in its effect at low doses. There w^as a 
linear relation (a) between gain in weight and 
vitamin Dg intake, and (6) between t.m.t. and 
vitamin Dg intake. 

Exp. S. Was confined to the GIsson diet. In 
addition to an assay of two oils, the effect of varying 
the Ca and P in the diets was examined. Doubling 
both Ca and P in the diet led to reduced t.m.t. 
distances and to reduced gains in weight, and manv 
birds died. Doubling the P alone (sodium phos- 
phate) led to death of all birds within 4 weeks. 
Doubling the Ca alone led to reduced t.m.t. dis- 
tances and increased gain in weight. 


I 
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Table 4. Standard, t.m,t. data 






Period 





Coefficient 



of 

Dose levels, 




of pooled 

Test 


test, 

units/100 g. 



Pooled 

variation, 

no. 

Diet 

weeks 

diet 

t.m.t. distances 

Slope 

variance % 

1 

B.S.I. 

5 

3-23 

(1*767); 1*063; 0*88; 1*021; 0-885; 0*854 

- 0*1887 

0*0932 

32*45 



4> 

3-23 

(1*325); 0*653; 0*618; 0*634; 0*485; 0*591 

-0*1137 

0*0689 

40*04 

, 2 

B.S.I. 

4 ■ 

3-23 

(0*819); 0*720; 0*889; 0*875; 0*961; 0*946 

— 

— 

— 



5 

3-23 

(1*265); 0*947; 0^714; 0*760; 0*720; 0*700 

-0*2212 

0*0^00 

29*10 

4 

B.S.I. 

4 

2*0-20 

(1*320); 1*361; 1*363; 1*650; 0*942 

- 0*5897 

0*1820 

36*15 



’'5 

2*5-20 

(1*280); [1*194]; 1*516; 0*932; 0*266 

-2*2412 

0*3686 

67*35 

2 

A.O.A.C. 

4 

3-23 

(3*757); 3*608; 3*353; 2*681; 2*436; 1*291 

-2*0515 

0*6264 

29*43 



5 

3-23 

(2*769); 2*601; 2*368; 1*928; 1*604; 0*953 

- 1*4910 

0*9074 

49*57 

■4, 

A 

4 

2*5-40 

(1*310); 1*420; 1*259; 1*132; 1*106; 1*222 

-0*1826 

0*1128 

27*35 



5 

2*5-40 

(1*008); [1*547]; 2*059; 1*394; 1*165; 1*181 

-0*9496 

0*2666 

35*70 

' 4.^'' 

Olsson 

4 ■ 

2*5-40 

(3*450); [3*253]; 3*508; 2*494; 1*375; 0*808 

-2*6184 

0*5310 

35*90 



5 

. 2*5-40 

(3*338); [3*500]; 3*767;, 2*747; 0*761; [0*403] 

-3*6800 

0*8039 

36*96 

5 

Olsson 

4 

5-40 

(4*378); [3^590]; 2*950; 1*100; [0*788] 

-4*8635 

0*5983 

38*20 



5 

5-40 

(3*925); 3*648 ; 2*700; 0*833; [0*759] 

- 3*7068 

0*6981 

34*91 , 



6 

5-40 

(3*372); 3*836; 2*898; 0*817; [0*691] 

-3*7999 

1*5408 

49*00 

6 

Olsson 

4 

5, 10, 15, 

(3*643); [3*700]; 3*542; 2-768; 1*856; 0*765 

-3*9777 

0*6824 

■36*78 




20,40 







5 

jj 

(4*000); [3*944]; 3*817; 3*091; 2*111; 0*682 

-4*1662 

0*6042 

31*85 H 



6 


(3*760); [3*559]; 3*686; 3*123; 1*869; 0*912 

-3*4988 

0*8195 

37-58 




Table 5. B.S.I, Standard, Qain-in -weight data 






Period 





Coefficient 



of 

Dose levels. 




of pooled 

Test 


test, 

u./100g. 



Pooled 

variation, 

no. 

Diet 

weeks 

rdiet 

Gain in weight 

Slope 

variance 

% 

2 

A.O.A.C. 

4 

3-23 

(100*2); [94*89]; 83*56; 116*11; 158*28; 192*94 

138*02 

1103*4 

• 24*28 



5 

3-23 

(166*75); [150*76]; 141*56; 188*00 ; 270*59 

215*11 

3069*6 

24*21 

4 

Olsson 

4 

2*5-40 

(138*8); [i21*4];T24*3; 204*5; 257*2; [258*4] 

178*75 

2685*5 

26*36 



5 

2*5-40 

(182*6); [147*8]; 150*3; 277*7; 351*2; [370*6] 

255*79 

4563*2 

25-63 

5 

Olsson 

4 

5-40 

(119*05); 143*65; 175*75; 273*90; 322*71 

182*19 

2193*1 

20*8 



5 

5-40 

(142*82) ; [169*50] ; 239*35 ; 413*35 ; [475*4] 

418*17 

4577*0 

20*70 



6 

5-40 

(162*55); 192*61; 281*20; 524*65; [583*82] 

433*61 

7369*5 

25*43 

6 

Olsson 

4 

5, 10, 15, 

(101*5); 125*1; 162*6; 190^2; 212*7; 251*2 

119*74 

1416*6 

19*87 




20, 40 







5 

99 

(123*2); 165*0; 201*5; 256*9; 312*2; 397*0 

212*67 

3486*6 

22-17 



6 

99 

(139*6); [185*0]; 234*0; 310*1; 400*6; 539*1 

373*19 

7494*8 

23-43 


' ; ^ 1 . 



Table 6. Assays by t,m,t, method 






Period 


Dose levels ' 



Fiducial 



of 


f \ 



limits 

Test 


test, 


Sample Combined 

Pooled 


P=:0*95 

no. 

Diet 

weeks 

Material Standard mg. slope 

variance 

Potency 

0/ 

/o 

2 

A.O.A.C. 

4 

C.L.O, 

3-23 25 and 76*4 -1*9588 

0*6072 

112 

64-151 

5 

Olsson 

4 

C.L.O. 

10-20 100and200 -5*1106 

0*5973 

65 

82-118 



5 

,, 

" 10-20 -4*7128 

0*8074 

62 

78-125 



6 


10-20 -"4*5‘866 

0*8492 

86 

80-123 

5 

Olsson 

4 

Veterinary 

c,L,o. 10-20 500 and 1000 -4*9687 

0*6636 

17 

85-119 




blended with seal 







oil 







5 


10-20 ' -4-3095 

0*7756 

16 

80-123 



6 


10-20 - 4-5724 

0*8084 

18 

81-124 

6 

Olsson 

4 

C.L.O. emulsion 5, 10, 15, 200, 300, 400 -3*7933 

0*8081 

47 

76-126 





20, 40 ■ 






5 

„ 

-3*8322 

0*9620 

46 

75-124 



6 

99 . 

„ „ -3*4700 

1*1161 

48 

75-129 
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Table 7 . Assays. Gain in weight 
Dose levels 


no. 

Diet 

weeks 

Material 

Standard 

2 

A.O.A.C. 

4 

G.L.O. 

3-23 

5 

Olsson 

4 

C.L.O. 

16-20 



6 

jy 

3t 



5 


4 

Veterinary c.l.o. 

16-20 




blended with seal 





oil 




5 

SJ 





6 

39 

' 

6 

Olsson 

4 

C.L.O. emulsion 

5, 10, 15, 





20, 40 



5 

99 




6 

99 

99 


mm. 6. Olss 


Sample 

mg. 

25 and 76*4 
100 and 200 

500 and 1000 


200, 300, 400 


Combined 

slope 

119*75 

230*23 

400*45 

488*03 

214*08 


Pooled 

variance ■ Potency 
925*9 143 

2163*2 71 

4232*3 . 80 

11710*4 74 

2047*1 21 



Fiducial 
limits 
P=0*95 
. % 
74-131 

77-124 

85-120 

77-126. 

81-128 



nm 1. 4^ 

O—J— J l~_L. 

2-4. B.S.L 


4. . Diet “A” 
300^ 


0 — 1 — I i— 

I 500 - 2. b:s;i. 

o ■ 


2 - 

1. B.S.I. 


Log vitamin intake 
Fig. 2, T.M.T. responses. 

Exp. 6. Was also confined to the Olsson diet in 
an assay. A parallel set of standards was run in 
Avhich the vitamin was separately administered to 
each chick by micrometer syringe. This mode of 
administration showed slightly greater weight in- 
creases for the same vitamin intake, but paradoxi- 
cally, with the higher doses, greater t.m.t. distances. 
This point is being further investigated. The obser- 
vations of Fritz, Halpin, Hooper <& Kramke [1942j 
on oxidative destruction of vitamin D in poultry 
foods makes it important to investigate these two 
methods of dosing for assay purposes. 

Bioehem. 1943, 37 


,.0 .... 2-0 1-0 >0 
Log vitamin intake 

Fig. 3. Gain in weight responses. 

The essential results of the experiments are given 
in Tables 4-7 and in Figs. 2 and 3. Tables 4 and 5 
are concerned only with responses to the B.S.I, 
standard vitamin preparation j Tables 6 and 7 
give certain assay results. Bose levels were (in 
addition to negative controls) 3, 5, 8*33, 13*68 and 
23 units/100 g. diet or 2*5, 5, 10, 20 and 40 imits/ 
100 g. diet. In some cases, as will be obvious from 
the figures, extreme doses had to be omitted to 
satisfy criteria of linearity, and these values are 
enclosed in square brackets. Negative control 
values are. shown in curved brackets. There is 
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general agreement that the linear response occurs 
with doses from 10 to 25 units/ 1 00 g. diet. Above 
‘25 units no grea,t change occims, and below 10 there 
is little calcification. Tiiis is confirmed in test 6, 
whicii includes a dose level of 15 units/100 g. diet. 


One of the advantages claimed for the diet 

is that growth is equalized and is independent of 
vitamin intake. Olsson’s data show that over the 
active dose range 8-32 units/100 g. food (he shows 
no point between 16 and 32 units), there is a gain 





Table 8. Assay by log t.m.t. method 



Fiducial 



Period of 





limits 

Test 


test, 


Combined 

Pooled 


P = 0-95 

no. 

Diet 

weeks 

Material 

slope 

variance 

Potency 

% 

5 

Olsson 

4 

C.L.O. 

-1-0384 

0-03615 

61 

‘ 78-123 



5 


- 1-0090 

0-03196 

57 

78-122 

5 

Olsson 

4 

Veterinary c.L.o. blended 

-1-2171 

0-04182 

17 

84-119 




•vfith seal oil 







5 


-1-099 

0-037973 

16 

, 82-120 ■ 


DISCUSSION 

It will be seen that the slope of the regression line 
for the B.S.I. diet is very low, and that there is a 
tendency to greater regularity when the test period 
is longer than 4 weeks. In test 2, using this diet, the 
t.m.t. after 4 weeks on the highest doses is greater 
than that on the lowest doses, but the difference 
is not statistically significant. After 5 weeks, though 
there is a reduction in t.m.t. wdth increasing dose, 
the difference between responses for extreme groups 
is not statistically significant. 

In markihg the end of the metatarsus for mea- 
surement, there are occasions when the end of the 
bone is so ill defined that a difference of 0*5 mm. 
may occur in marking the same photograph on 
different occasions. The greater the t.m.t. distance,- 
the less the relative magnitude of such an error,- 
and since such photographs occur mostly on low 
doses, it is highly desirable that the t.m.t. distances 
should be great on such doses so as to minimize 
this error. 

On the A. O. A. C. diet the slope of the regression 
line is much increased, but after 5 weeks it is less 
so than after 4 weeks. The Olsson diet gives good 
slopes, which, as shown in the diagrams for tests 
4-6, are consistent and not affected by the duration 
of the test between 4 and 6 weeks. 

In these tests, the t.m.t. distance has been used 
rather than its logarithm, as recommended in the 
B.S.I. specification. Assays in this series calculated 
by both methods (t.m.t. and log t.m.t.) gave almost 
identical restilts for potency and fiducial limits 
(Tables 6 and 8). The object of using the log t.m.t. 
is presumably to satisfy the mathematical purist’s 
desire to equalize the variance in the different 
groups. Tt may be mentioned here that this is not 
necessary when the gain in weight is used as the 
criterion of response (see below). 


in weight of about 40-50 g. after 4 weeks. This is 
about one-third of the gain in our experiments, and 
Olsson introduces a correction for his t.m.t. values 
to compensate for the differences in weight of the 
chicks. Where, however, as in our results, the gain 
and t.m.t. are related, such a correction is not 
necessary. A probable reason for the difference 
between our results and Olsson’s lies in the Ca and 
P content of the diet. Olsson gives 1’76% Ca and 
1-04% P, against ovuc figures of 1*0 and 1-1% 
respectively. 

On the Olsson diet, as used in these experiments, 
there is a marked difference in growth (and a corre- 
sponding difference in food intake) with increasing 
vitamin D dose level; this makes it necessary to 
use intake instead of dose level in calculating the 
results. It wdll be seen from the figures that this 
increase is linearly proportional to the log of the 
intake, and this being so, there is no need to correct 
the t.m.t. distances for growth differences. On the 
contrary, the weight increase is in itself a satis- 
factory criterion of response, and has the advantage 
of giving an equalized variance between groups, 
and also a lower coefficient of pooled variation. In 
some assays it tends to give higher results, which 
however, are more consistent over different test 
periods than the t.m.t. results and are of a similar 
degree of reliability. The slope of the response curve 
increases when the test is prolonged and we favour 
a 5 weeks’ test period when gain in weight is used 
as a criterion. 

SUMMARY 

In the light of the results described above, it is 
suggested that the method of using the growth 
response of chicks is a simple, convenient and 
accurate method for assays of vitamin Dg, when 
the rachitogenic diet is suitably chosen and con- 
trolled, with special regard to its Ca and P content. 
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The in vitro Oxidation of Pyruvic and a-Ketobutyric Acids by 
Ground Preparations of Pigeon Brain. The Effect of 
Inorganic Phosphate and Adenine Nucleotide 

By C. long, From the Department of Biochemistry, The Queens's University^ Belfast 

{Received 10 December 1942) 


Quantitatively, pyruvate oxidation in pigeon brain 
has mainly been investigated with minced tissue 
[Peters & Thompson, 1934; McGowan, 1937; Long, 
1938]. While most of the pyriwate is oxidized com- 
pletely to CO 2 and water, small amoimts undergo 
either oxidative decarboxylation (reaction 1 ; J? = H) 
or anaerobic dismutation (reaction 2; = 

2i?CH2.CO.COOH + Oo 

~>2i2CH2.C00H4-2C02, (1) 

2i?CH2.CO.COOH + H,0 

. GOOH + i?CH2 . GH(OH) . GOGH -f- 00^ . (2) 

a-Ketobutyric acid is not a normal metabolite 
in biological systems, nor does the corresponding 
La -amino -butyric acid seem to occur naturally 
[Dmin, 1938], so that the activation of this keto- 
acid by enzymes must be regarded as an artefact. 
Nevertheless, its behaviour towards minced pigeon 
brain has led to valuable conclusions concerning the 
mechanism of pyruvic acid utilization [McGowan 
& Peters, 1937; Long & Peters, 1939; Long, 1942]. 

Minced pigeon brain could not completely oxidize 
a-ketobutyric acid, although oxidative decarboxyla- 
tion (reaction 1; i 2 =CH 3 ) and anaerobic dismuta- 
tion (reaction 2 ; R=:OH.f} occurred readily [Long 
& Peters, 1939]. Nevertheless, pyruvic and a-keto- 
butyric acids were equally rapidly utilized [Long, 
1942], that fraction which was completely oxidized 
in the case of pyruvic acid merely imdergoing 
oxidative decarboxylation in the case of a-keto- 
butyric acid. 

Banga, Ochoa & Peters [1939 a, 6], using dialysed 
pigeon brain suspensions in which the cell structure 
of the tissue was destroyed by grinding, found that 
pyruvate oxidation was stimulated by the addition 
of inorganic phosphate, adenine nucleotide and 
fumarate. Ochoa [1939] showed that Mg^"^ was 
also required. This enzyme system seems to have 
little in common with the pyruvate oxidation . 
system as it occurs in the minced tissue, the respi- 
ration of which is not affected by the addition of 
these dialysable components ; but evidence will be 
presented to show that this is not due to the 
presence in the minced brain of these activators. 

In the present work enzyme studies with ground 
preparations of pigeon brain have been used to 
assess the effects of added inorganic phosphate and 
adenine nucleotide on the oxidation of both pyruvic 


and a-ketobutyric acids: a further communication 
will deal with fumarate catalysis. The oxidation of 
both pyruvate and a-ketobutyrate has been found 
to be stimulated by inorganic phosphate. That of 
pyruvate was also markedly increased by the addi- 
tion of adenine nucleotide, but the latter’s effect on 
a-ketobutyi‘ate oxidation was only very slight. The 
increased O 2 uptake, pyruvate utilization and 
Og/pyruvate ratio, together with the lowered B.Q., 
which were observed in presence of adenine nucleo- 
tide, showed that pyruvate was much more com- 
pletely oxidized in the presence of the nucleotide 
than in its absence. 

EXPERIMENTAL 

Materials 

Pyruvic and x-ketobutyric acids [Peters, 1938; 
Long (& Peters, 1939]. The pure crystalline Na salts 
were used. Final concentration M/lOO, unless 
otherwise stated. 

Adenine nucleotide. Three preparations were em- 
ployed: (1) muscle adenylic acid (a gift from Prof. 
B.. A. Peters), (2) adenylpyrophosphorie acid 
(Henning), and (3) Ga acid adenylpyrophosphate 
(a gift from Prof. T, H. Milroy). This last specimen 
was freed from Ca by Na oxalate. All three pre- 
parations, after neutralization, had the same effect 
on the oxidation of pyruvate by dialysed suspen- 
sions of pigeon brain containing ilf/20 phosphate 
buffer, pH 7*3. Adenine nucleotide was used 
throughout in concentration producing the maxi- 
mmn effect (0-1 mg. /ml. = 3 x lO^^ilf). 

Methods 

( 1 ) The^ estimation of pyruvic and x-hetobutyric acids 

This was by the method of Lu [1939] as modified 

by Long [1942]. 

(2) The estimation x>f inorganic phosphate 

The method of Berenblum & Chain [1938] was 
applied in the following way to small volumes 
(2 ml.) of protein-free filtrates containing very low 
concentrations (0*5-2*5x 10"’^ilf) of inorganic phos- 
phate. 

Into three test tubes {a), (5) and (c) were measured: 
(a) 2 ml. of the 5 % trichloroacetic acid, protein-free filtrate, 

14-2 
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(b) 2 ml. of the standard phosphate (2.x 10“^ Jf) in 5% (5) Eespiration technique 

CCI3.CGOH, and (c) 2 ml. 5% CClg.COOH (control). ION ^ of the enzyme suspension, prepared as under (3) (6), 
H 2 SO 4 {0-1 ml), 5% ammonium molybdate (Iml.)^and shaken at 28° in air in a total volume of 2 ml. at pH 7-3, 

isobutanol (4 ml.) were added to each. The contents foj. 40 min. 0 2 uptakes were determined in Bar croft 

were rapidly di’awn into and expelled from a teat-pipette p^per soaked in 2.?^ KOH (0*2 ml.) in the 

about 30 times. The lower aqueous layers were removed, uptake was determined in duplicate or 

by means of the corresponding pipettes, and discarded. .|.j.ipiicate, and the agreement was ±1*5 %. If Og uptakes 

The i^obutanol extracts were then washed by extractmg ^ere not required, the suspension was shaken in 50 ml. 

twice with 2 ml. N H2SO4. 0-4% SnCl2 in N H2SO4 (3 ml.), Erlenmeyer flasks in the thermostat at 28°. For a-keto-acid 

freshly prepared from 40% SnCla in cone. HCl, was then phosphate estimations, 25% CCig.GOOH (1 ml.) was 
added to each. After thorough mixing and removal 01 ^dded to the medium at the beginning and end of the 
the aqueous layer, each extract was made up to 10 ml. respiration period. It was allowed to stand 15 min., the 

with ethanol. The absorption intensities were compared in protein precipitate was filtered off, and the flasks and filters 

a Hilger Spekker absorptiometer, using an orange filter CClg.COOH (3 x2 ml.). After standing 

(Huger no. 3). The concentration of inorganic phosphate ^^.^rnight, the volumes were made up to 10 ml. and aliquots 
is linearly related to the absorption. taken for a-keto-acid or phosphate estimation. 


(3) The preparation of the enzyme suspensions 

{a) For anaerobic experiments* Exhaustive wash- 
ing of the tissue was necessary in order to produce 
a very low residual activity. The method of pre- 
paration [cf. Long & Peters, 1939] was as follows: 

The cerebrum and optic lobes (about 1-5 g.) were removed 
as rapidly as possible from a freshly killed pigeon, and 
ground, ice-cold, in a mortar for 10 min. 0*9% KCl (6 ml.), 
ice-cold, was then added in portions and the grinding 
continted for a further 5 min. After passing , through 
muslin, the brain suspension was centrifuged and the super- 
natant fluid discarded. The deposit was washed twice with 
0-9 % KOI and then three times with 0*2% KCl (6 ml. each 
time), keeping throughout as cold as possible and allowing 
the salt solutions to remain in contact with the enzyme for 
about 15 min. before each centrifugation. The washed, 
almost colourless, suspension, now free from cytochromes, 
was made up to 10 ml. with 0*2% KCl. 1 ml. suspension 
was equivalent to 150 mg. fresh brain tissue. 

ifi) For aerobic experiments. The preparation of 
dialysed brain suspensions, except in the tempera- 
ture during extraction, resembled that of the 
‘dispersions’ described by Banga et al. [19396]. 

The cerebrum and optic lobes (about 4*5 g.) from three 
pigeons were placed in an ice-cold mortar and ground for 
10 min. The contents warmed to room temperature during 
grinding. 0*9% KCl (9 ml.), ice-cold, was then added in 
portions and the grinding continued for 5 min. The brain 
suspension was passed through muslin, pipetted into 
two freshly prepared collodion sacs and dialysed for 3 hr. 
(unless otherwise stated) against 0*4 % KCl (3 1. ) at below 2°. 
During dialysis, the sacs were mechanically agitated. 1 ml. 
suspension was equivalent to 333 mg. fresh hram tissue. 

(4) Thunberg technique 

The Thunberg tubes [Keiiin, 1929] contained 1 nil. of 
the enzyme suspension (added last), and substrates and 
other constituents to make the total volume 1-8 ml., the 
^H of the mixture being 7-3. The hollow stopper contained 
0*2 ml. methylene blue (1 : 5000). The tubes were twice 
exhausted and filled with Ng and again exhausted. At zero 
time the methylene blue was added to the other consti- 
tuents; temperature 38°. Duplicate determinations were 
always made, 100 x the reciprocal of the reduction time 
{t min.) was taken as a measure of the activity of the system. 


Results 

( 1 ) The effect of inorganic phosphate on the oxidation 
of pyruvic and a-ketobutyric acids by ground 
preparations of pigeon brain 

Lipmann [1937] has shown that inorganic phos- 
phate or arsenate is necessary for Og uptake with 
acetone-dried preparations of B. delhrilkii in the 
presence of pyruvate and methylene blue. The rela- 
tion of O 2 absorbed and CO 2 produced to pyruvate 
utilized, indicated oxidative decarboxylation to 
acetic acid. Banga et al, [19396] observed that 
phosphate markedly increased the O 2 uptake of 
dialysed pigeon brain suspensions in presence of 
pyruvate, adenine nucleotide, fumarate and Mg"^"*". 
They inferred that the respiration would be zero in 
the complete absence of inorganic phosphate. To 
simplify the problem, the experiments described in 
this section were carried out in order to test the 
effect of inorganic phosphate, only, on the oxidation 
of pyruvate and a-ketobutyrate by pigeon brain 
suspensions, in the absence of other factors. 

Anaerobic experiments. The time taken by the 
system, dehydrogenase preparation’and a-keto-acid, 
to reduce 0*2 ml. methylene blue (1 : 5000) was 
determined by the Thunberg technique in the 
presence and absence of phosphate buffer, Jkf/20, 
pH 7-3. The osmotic pressure and Na+/K+ ratio of 
the media were kept constant throughout, isotonic 
phosphate and chloride being interchanged. 

There is no doubt that inorganic phosphate exerts 
a powerful catalytic effect on the anaerobic oxida- 
tion of both pyruvate and a-ketobutyrate (Tables 
1 and 2). The increased activity due to phosphate 
addition is quantitatively the same for the two 
a-keto -acids. 

Two typicajl curves connecting phosphate con- 
centration and activity are shown in Fig. 1, in 
which the effect of phosphate in the absence of 
a-keto-acid is also included in one case. The residual 
concentration of phosphate in the tissue was found 
to be 0-75 X 10'^ M. Very small concentrations of 
inorganic phosphate exert a pronounced catalytic 
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Table L The anaerobic oxidation of pyruvate and 
a-ketobutyrate in the presence and absence of in- 
organic phosphate 


Activity (100/i) 

Exp. 1 Exp. 2 


Substrate 

Con- 

trol 

Phos- 

phate 

Diff. 

Con- 

trol 

Phos- 

phate 

Bifi. 

Ml 

0-5 

0-5. 

0-0 

1-1 

2*5 

1*4 

Fyruvate 

0-5 

lo-4 

14-9 

5-3 

14‘8 

9-5 

a-Ketobutyrate 

0-5 

14-8 

14-3 

4-0 

13*8 

9-8 


iS=reduction time (min.). 


effect on the oxidation, and extrapolation to zero 
phosphate concentration shows that some a-keto- 
acid oxidation still occurs. 


for the two a-keto-acids (Table 2). At equivalent 
concentration (M/20), arsenate appears to bo about 
70-75% as active as phosphate. 

Table 2. The replacement of phosphate by arsenate 
in the anaerobic oxidation of pyruvate and a-keto- 
butyrate 

Activity (100/0 


Exp. 

Substrate 

Con- 

trol 

Phos- 

phate 

Biff. 

Ar- 

senate 

Diff, 

1 

Nil 

0-5 

0*7 

0*2 

0*7 

0*2 


Pyruvate 

0-9 

6*9 

6*0 

5*7 

4*8 


a-Ketobutyrate 

0*5 

6*5 

6*0 

5*3 

4*8 

2 

Nil 

0*5 

0*9 

0*4 

0*9 

0*4 


Pyruvate 

2*1 

10*0 

7*9 

7*5 

5*4 


a-Ketobutyrate 

0*9 

9*3 

8*4 

7*1 

6*2 


t = reduction time (min.). 





Fig. 1. The elfect of inorganic phosphate concentration on 
the activity of the a-keto-acid dehydrogenase system 
from pigeon brain. Curve 4> pyruvate.; curve j 5, 
a-ketobutyrate; curve 0, no substrate. Curves B and G 
refer to the same experiment, curve A to a separate 
experiment. 

Arsenate also exerts a definite effect on the 
anaerobic oxidation of both pyruvate and a-keto- 
butyrate, and this effect is quantitatively the same 


Aerobic experiments. Table S shows that the net 
O 2 uptake due to oxidation of pyruvate or a-keto- 
butyrate by brain suspensions is approximately 
doubled on addition of M/20 phosphate. The os- 
motic pressure and Na+/K+ ratio of the media were 
again kept constant throughout. 

The catalytic effect of phosphate shown in Table 3 
does not appear to be as great as that obtained 
under anaerobic conditions. The residual inorganic 
phosphate concentration of the tissue, however, is 
very different in the two cases. The dehydrogenase 
preparation contained only about 0-75xl0’“^M, 
whereas the dialysed tissue suspension contained 
about 1*1 X 10~^M phosphate. The comparison be- 
tween the aerobic and anaerobic oxidations should 
therefore be made at two definite phosphate con- 
centrations, e.g. 1*1 X lO^^M and 5 x Thus 

in one anaerobic experiment with a-ketobutyrate 
as substrate, the activity at Tl x 10""® M was 3*5, 
increasing to 7*4 at 5 x 10“^ M phosphate; increase 
about 114%. This figure agrees quite closely with 
the percentage increase found for the catalytic 
effect in respiring pigeon brain suspensions. 

In contrast to its stimulating action on the 
anaerobic oxidation of a-keto -acids, arsenate did 
not cause an increased respiratory rate when tested 
with the dialysed brain suspension in the presence 
of pyruvate or a-ketobutyrate (Table 4). ISTot only 
is the net Og uptake due to a-keto-acid oxidation 


Table 3. The effect of inorganic phosphate on the respiration of dialysed pigeon brain suspensions 
in the presence of pyruvate and oL-ketobutyrate 


O 2 uptake (jLtl./40 min.) 

No added phosphate Added phosphate (ilI/20) 


With 


Substrate 

Exp. 

Control 

substrate 

Pyruvate 

1 

52*4 

100-5 

a-Ketobutyrate 

2 

5T8 

79-5 


3 

54*1 

75*3 


4 

52*4 

62*5 


Net 

f 

Control 

A 

With 

substrate 

Net 

■ Net 
increase 
0 / 

/o 

48-1 

51*0 

149-9 

98*9 

103 

17*7 

60*7 

117-0 

56*3 

103 

21*2 

65*4 

108*0 

42*6 

101 

10*1 

51*0 

75*0 

24*0 

138 


i 
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decreased by arsenate addition, but so also is the 
residual respiration rate. The cause of this general- ; 
ized inhibition has not been investigated. 

Table 4. The effect of arsenate on the resjnration of 
dialysed pigeon h^ain suspensions in the p7'esence 
of pyruvate and a~ketohuty rate 

O 2 uptake (ftl./40 min.) 


No arsenate 
added 


Arsenate added 
(M/40) 


Substrate 

Exp. 

Con- 

trol 

sub- 

strate 

' Net 

Con- 

trol 

sub- 

strate 

Net 

Pyruvate 

1 

52*4 

100*5 

48*1 

43*4 

80-6 

37*2 

a-Ketobutyrate 

2 

49*4 

76*1 

26*7 

38*4 

50*5 

12*1 


52*4 

62*5 

10*1 

43*4 

50*3 

6*9 


The experiments recorded in Table 5 show that 
although the addition of phosphate to brain sus- 
pensions brings about an increased utilization of 
oc-keto-acid in all cases, this increase, which does 
not exceed 50 %, is perhaps less than might have 
been expected. The effect of various phosphate 
concentrations on the utilization of a-keto-acid is 
shown in Fig. 2 (two typical experiments, using 



0 \ -2 ,;, 3 . : 4 '", , 45 ' ■ ■ 6 

Phosphate concentration (M X 10 “®) 

Fig. 2 . The effect of inorganic phosphate concentration on 
the utilization of a-keto-acids by respiring dialysed 
pigeon brain suspensions. Curve d, pyruvate; curve B, 
a-ketobutyrate. The two curves refer to separate ex- 
periments. 

pyruvate and a-ketobutyrate as substrates). Extra- 
polation of the curves to zero phosphate concen- 
tration shows that even in the complete absence of 
inorganic phosphate there may be an appreciable 
utilization of a-ketobutyrate. It is difficult to draw 
any definite conclusion regarding the utilization of 
pyruvate at zero phosphate concentration, since the 
curve is so steep at the point of extrapolation. 


Table 5. The utilization of pyruvate and adceto- 
butyrate in the presence and absence of added in- 
organic phosphate 


a-Keto-acid 

utilization 




phos- 

Ltmol. 

In- 

crease 

% 

Substrate Exp. 

Dialysis 
' hi. 

phate 

cone. 

Mxl 0 “® 

Nil 

, 

Phos- 

phate 

Pyruvate 1 

3 

50 

1*99 

3*08 

55 

2 ' 

3 

10 

2-92 

4-31 

47 

3 

3 

10 

2-80 

4-01 

50 

4 

3 

5 

1-55 

1-80 

16 

5 

24' 

1*2 

0*69 

0*83 

22 

a-Ketobutyrate 6 

3 

5 

1-96 

2-14 

9 

7 

7 

5 

1-51 

1-89 

25 


(2) The comparative utilization of pyruvic and 
oL-ketobutyric acids by washed preparations of 
minced pigeon brain and dialysed pigeon brain 
suspensions in the presence of phosphate 

The quantitative comparison of keto-acid utili- 
zation by these two systems has not previously 
been made. The results have been expressed in 
terms of jumol. of a-keto-acid utilized in 40 min. 
by an amount of enzyme preparation corresponding 
to 1 g. fresh tissue. The washed mince was found 
to contain an average of 87*8 % water, as compared 
with 79*8 % in the fresh brain tissue. Taking this 
factor into accoxmt, the average values found in a 
number of experiments for a-keto-acid utilization 
are quoted in Table 6. The figures indicate (1) that 
pyruvic and a-ketobutyric acids are equally rapidly 
utilized by washed pigeon brain mince [of. Long, 
1942], (2) that the utilization of a-ketobutyric acid 
is the same in washed mince and dialysed suspen- 
sions, and (3) that pyruvic acid is more rapidly 
utilized by dialysed suspensions than by washed 
.mince. This last point will be referred to later. 

Table 6 . The utilization of pyruvate and a-ketohutyrate 
by washed pigeon brain mince and dialysed pigeon 
brain suspefisions in the presence of phosphate 

Phosphate concentration— “M/20 in suspensions, M/10 in- 
minced brain. Eespiration at 28° in air, fox* 40 min. 


Pyi’uvic 

acid 


a-Eetobutyric 

acid 



Washed 

mince 

Dialysed 

suspen- 

sion 

Washed 

mince 

Dialysed 

suspen- 

sion 

No. of determinations 

3 

14 

5 

13 

a- Keto-acid utilization, 
fimoh/g. tissue/40 min. 

10*4 

13-5 

9*6 

9*6 

Standard deviation of 

0*3 

0*9 

0-8 

0-8 


mean (e) 

(3) The effect of adenine nucleotide on the oxidation 
of pyruvic and oL-ketohutyric acids by ground 
preparations of pigeon brain 

Banga et al. [19396] observed that the omission 
of adenine nucleotide from the system (dialysed 
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,, pigeon brain suspension, pj’Tiivate, inorganic plios- ■ 
pliate, adenine nucleotide, fumarate and Mg+:+) 
much reduced the rapid respii’ation rate. The fol- 
' lowing series of experiments' was undertaken to 
discover what was the action of adenine nucleotide 
on the simplified system, dialysed brain suspension, 
pyruvate and inorganic phosphate only. In some 
experiments pyruvate was replaced by a-keto- 
butyrate. ' 

The anaerohio oxidation of pyruvic and a-keto- 
butyric acids in the presence and absence of adenine 
nucleotide. Adenine nucleotide was foimd to be 
without effect on the anaerobic oxidation of either 
pyruvate or a-ketobutyrate (Thunberg technique; 
Table?). 

Table 7. The anaerobic oxidation of pyruvate and 
a-ketobutyrate in the pjresence and absence of 
adenine nucleotide 

df/20 phosphate present throughout 
Activity (100/i) 




Exp. 1 



Exp, 2 




Adenine 

nucleo- 



Adenine 

nucleo- 


Substrate 

Nil 

tide 

Dili. 

Nil 

tide 

Dm, 

Nil 

0-5 

0*5 

0-0 

1-0 

1-0 

0-0 

Pyruvate 

15-4 

12-5 - 
Exp. 3 

-2-9 

11-1 

11-1 
Exp. 4 

0-0 

Nil 

- ' 0-9 

1*1 


" Od 

0-8 


Pyruvate 

11*8 

12-9 

1*1 







a-Ketobutyrate 

— 

— 


10-5 

' 11*4 

0-9 


reduction time (min.). 

Table 8. The effect of adenine niccleotide on the 
respiration of dialysed pigeon brain suspensions 
in the presence of pyruvate and a-hetobutyrate 

Suspension dialysed for 3 hr. Eespiration at 28° in air for 
40 min. ilf/20 phosphate present throughout. 1 ml. suspen- 
sion= 333 mg. fresh brain tissue. 

Os uptake {p,l.) 


No addition 


Adenine nucleotide 


Pyruvate 


a-Keto- 

butyrate 


Exp. 

Nil 

strate 

, Net 

Nil 

strate 

Net'‘ 

1 

56-2 

135-2 

79*0 

64*7 

291*0 

226-3 

2 

105-0 

196-7 

91-7 

140*3 

370-0 

229-7 

3 

71-0 

119-7 

48*7 

95*3 

272*0 

176-7 

4 

73-7 

130-6 

56-9 

110*0 

325*0 

215-0 

5 

64-1 

151-2 

87*1 

76*3 

271*0 

194-7 

6 

38-1 

93-5 

55*4 

49*5 

235*5 

186-0 

7 

88-6 

159*2 

70-6 

118*1 

305*0 

186-9 

8 

70-5 

126*5 

56-0 

102*2 

265*5 

163-3 

9 

61-0 

132*2 

71*2 

84-2 

319*0 

234-8 

10 

58-7 

141*8 

83*1 

70*1 

284*5 

215*4 

Av, 

68-7 

138*7 

70*0 

91*1 

293*9 

202*8 

11 

74-3 

142*4 

68-1 

88*5 

154*2 

65-7 

12 

71-0 

126-0 

55*0 

s 74*2, 

133*8 

59*6 

13 

83*7 

130*7 

47*0 

89*1 

139-4 

50*3 

14 

71-0 

113*3 

42*3 

95*3 

151*8 

56*5 

15 

43-6 

70*9 

27*3 

49*0 

95*0 

46-0 

Av. 

68-7 

116*7 

48-0 

79*2 

134-8 

55*6 


The effect of adenine nucleotide on the Og ujJtake 
of dialysed pigeon hram suspensions in the presence 
of pyruvic and cc-ketobutyric acids. The suspensions 
contained added inorganic phosphate.. With pyru- 
vate, the average net Og uptake due to oxidation 
of this substrate, in the absence of added adenine 
nucleotide, was about 70j[xL/333 mg. tissue/40 min. 
(Table 8). The value was almost trebled when 
adenine nucleotide was added (cf. eoluirms 4 and 7). 
With a-ketobutyrate as substrate, on the other 
hand, adenine nucleotide seemed to have little effect 
on the net Og uptake, although in two cases (Exps. 
14 aind 15) a definite increase was observed. 

It should be noted that in order to observe any 
catalytic effect of adenine nucleotide on pyruvate 
oxidation by dialysed pigeon brain suspensions, 
inorganic phosphate mnst always be included in the 
respiration medium. In the experiment quoted 
below the effect of phosphate was studied on the 
respiration of dialysed pigeon brain suspension with 
3 X 10“^ilf adenine nucleotide present throughout. 

Og uptake (/xl.) 

A 

No phosphate added ilf/20 phosphate added 


Nil PjTuvate Net 
17*0 35-9 18‘9 


Nil Pyruvate Net 
68*6 209*5 150*9 


In the absence of phosphate, the net Og uptake due 
to pyruvate oxidation is of the same order as that 
obtained under comparable experimental conditions 
in the absence of both phosphate and adenine 
nucleotide (Tables 3 and 4). In the presence of 
phosphate, however, the net Og uptake is increased 
about eightfold. 

The. effect of adenine nucleotide on the utilization 
of pyruvic and a-ketobutyric acids by dialysed pigeon 
brain suspensions. The utilization of pyruvate is 
approximately doubled when adenine nucleotide is 
added (Table 9). Under similar conditions (Table 9, 

Table 9. The effect of adenine nucleotide on the utiliza- 
tion of pyruvate and a-ketohutyrate by dialysed pigeon 

brain mspemions a-Keto-add utiU.ation 

fzmoL 


Dialysis 


No 

addition 


Pyruvate 


a-Ketobutyrate 


Adenine 

nucleotide 

10-05 
10-27 
9-90 
7-83 
9-89 
10-18 
9-24 
_ J/9? 

“ "9-43 

4-60 

4*27. 

4-43 

2*43 

3-35 

2-89 
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Exps. 9 and 10), there exists no corresponding effect 
with a-ketobutyrate as substrate. When, however, 
the brain suspension is dialysed for longer periods, 
the effect of adenine nucleotide becomes more evi- 
dent (Table 9, Exps. 11 and 12). This observation, 
taken in conjunction with the occasional effect of 
adenine nucleotide on the Og uptake of brain sus- 
pensions respiring in a-ketobutyrate (Table 8, Exps. 
14 and 15), indicates that the nucleotide does play 
a definite part in a-ketobutyrate oxidation. It 
appears that the a-ketobutyrate oxidation system 
is saturated by minimal concentrations of adenine 
nucleotide, so that after a period of dialysis lasting 
only 3 hr., sufficient usually remains associated 
with the enzyme to produce maximal effects. 

(4) The molecular ratios of net 0^ absorbed to a-keto- 
acid utilized for pyruvic and a-ketohutyric acid 
oxidation in respiring pigeon brain suspensions 

McGowan [1937] found for washed preparations 
of minced pigeon brain that h T1 yxnoL Og were 
absorbed per /xmol. pyruvic acid utilized. From 
B.Q. data [Long & Peters, 1939] the corresponding 
molecular ratio for a-ketobutyric acid may be calcu- 
lated. It lies between 0-37 and 0*45. This ratio has 
now been determined experimentally by estimation 
of a-ketobutyric acid [Long, 1942], and for com- 
parison with respiring suspensions of pigeon brain; 
the values obtained are included in Table 10. 

Table 10. The molecular ratio of net Og absorbed to » 
oL-hetobutyric acid utilized by washed preparations 
of minced pigeon brain 

Washed minced pigeon brain prepared according to Long & 
Peters [1939]. Initial concentration of a-ketobutyrate, i¥/50. 


Temp. 

of 

Og uptake (/xmol/g./hr.) 

butyric 

acid 

ration 

°C. 

28 

28 

28 

28 

Con- 

trol 

6- 92 
6*63 

7- 01 
9*26 

a-Keto- 

butyrate 

10-18 

9-16 

lG-38 

13-55 

Net 

3-26 

2- 53 

3- 37 

4- 29 

^ uoXii^duiUll 

(nmol./ 

g./hr.) 

9-75 

6-14 

8-51 

12-88 

Ay. 

T-45 

10-82 

3-37 

9-32 

38 

10-68 

19-69 

9-01 

21-23 

38 

9-96 

20-22 

10-26 

27-02 

38 

8-65 

17-84 

9-19 

21-89 

Av. 

9-76 

19-25 

9-49 

23-38 


The OJpyruvate ratio for dialysed pigeon brain 
suspensions in the presence and absence of added 
adenine nucleotide. Adenine nucleotide addition ap- 
proximately doubles the pyruvate utilization and 
trebles the net Og uptake (cf. Tables 8 and 9). Thus 
it might be inferred that pyruvate oxidation is more 
complete in the presence of adenine nucleotide than 
in its absence. Table 11 fully confirms this expecta- 
tion, since the Og/pyruvate ratio averages 0*70 in 


the absence of added adenine nucleotide, and 0*96 
in its presence. For that fraction of tlie pyruvate 
utilization which is specifically catalysed by adenine 
nucleotide, the molecular ratio, if it be considered 
separately, is 1*20 ^moL OgZ/xmol. pyruvic acid. It 
should be noted that this value is much smaller 
than the corresponding figure obtained by McGowan 
[1937] for pyruvate oxidation in the minced tissue 
(O g/pyruvat e = 1 • 7 7 ) . 

Table 11. The molecular ratio OJpyruvate for dia- 
lysed pigeon brain suspensions in the presence and 
absence of added adenine nucleotide {a.n.) 



Net Og uptake 
ftmol. 

Pjrruvic acid 
utilization 
jumoL 

A 

Oa/pyi’uyate 


Con- 



Con- 



Con- 



Exp. 

trol 

A.X. 

DifE. 

trol 

A.N. 

Tiff. 

trol 

A.N. 

Tiff. 

1 

3-48 

9-94 

6-46 

4-74 

10-05 

5-31 

9-73 

0-99 

1-22 

2 

4-02 

9-82 

5-80 

5-81 

10-27 

4-46 

0-69 

0-96 

1-30 

3 

2-50 

9-45 

6-95 

4-53 

9-90 

5-37 

0-55 

0-96 

1-29 

4 

2-43 

8*17 

5*74 

3-07 

7-83 

4-76 

0-79 

1-04 

1-21 

5 

3-10 

8-20 

5-10 

5-32 

9-89 

4-57 

0-58 

0-83 

1-12 

6 

3-13 

9-73 

6-60 

4-20 

10-18 

5-98 

0-75 

0-96 

1-10 

7 

3-65 

9-42 

5-77 

4-37 

9-24 

4-97 

0-84 

1-02 

1-18 

Ay. 

3-19 

9-25 

6-06 

4-56 

9-62 

5-06 

p 

O 

0-96 

1-20 


In considering the- effect of adenine nucleotide on 
a-ketobutyrate oxidation (Table 9), it was concluded 
that after 3 hr. dialysis some adenine nucleotide 
still remains associated with the enzyme. Thus the 
Og/pyruvate ratio would be much lower than 0*70 
in the complete absence of adenine nucleotide, were 
it possible to realize this condition. Quite apart 
from this consideration, however, the mechanism 
of pyruvate oxidation is undoubtedly different in 
the presence, and in the absence, of adenine nu- 
cleotide, as whll be showm later. 

TheO J a-ketobutyrate ratio for dialysed suspensions 
of pigeon brain. Eor washed preparations of minced 
pigeon brain,, the Og/a-ketobutyrate ratio (Table 10) 
averages about 0*39, a figure in agreement with 
previous work on the b.q. for a-ketobutyrate oxida- 
tion under similar conditions. In Table 12 are re- 
corded some corresponding values for this ratio, 
using dialysed pigeon brain suspensions. Series A 
(Table 12) refers to determinations carried out 
under the usual conditions. It will be seen that the 
Og/a-ketobutyrate ratio is very similar to that ob- 
tained with the minced brain preparations. 

It will also be noted, however, that if the brain 
is ground under rigorously ice-cold conditions, as 
recommended by Banga 6^5 al. [19395], then the 
Og/a-ketobutyrate ratio is consistently above 0-5 
(series B, TaBle 12). This is the first definite indica- 
tion that tmder certain conditions a-ketobutyrate 
can be oxidized to an extent greater than corre- 
sponds with oxidative decarboxylation. There seems 
to be little doubt that residual adenine nucleotide 
is responsible for this, since pyruvate oxidation 
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under the same conditions is very great in the 
absence of added adenine nucleotide, and addition 
of the latter does not produce the usual large 
catalytic effect (Table 13). A possible explanation 
is that adenine nucleotide exists in a combined 
form in the fresh brain, and that this combination, 
although stable under ice-cold conditions, breaks 
down at room temperature in the absence of an 
organized ceil structui’e. 


Table 12. The OJa-hetohutyrate ratio for 
pigeon brain suspensions 


Series A 

Exp. 

1 

2 

3 

O 2 uptake (/xmoL) 

A 

a-Keto- 

butyric 

acid 

utilization 

^mol. 

4*16 

4*20 

2-57 

O.J 0 L- 

keto- 

butyrate 

0*41 

0*44 

0*36 

Con- 

trol 

2*36 

3*80 

2*21 

a-Kefco- 

butyrate 

4-08 

5*63 

3*13 

Net 

1-72 

1*83 

0-92 


Av. 

2-79 

4*28 

1*49 

3-64 

0-41 

Series B 

4 

2*77 

4*81 

2-04 

2-35 

0*87 


5 

3*30 

5*73 

2-43 

4-26 

0*57 


6 

2*33 

4-91 

2-58 

4*11 

0*63 


7 

2*67 

5.57 

2-90 

5*09 

0*57 


Av. 

2*77 

5*26 

2*49 

3*95 

0*64 


Table 13. The uptake of dialysed pigeon brain 
suspensions, prepared under rigorously ice-cold 
conditions, respiring in pyruvic acid 


O 2 uptake (/xL/40 min.) 

A ^ 



No adenine nucleotide 
added 

Adenine nucleotide 
added 

Exp. 

Con- 

trol 

Pyruvate 

Net 

Con- 

trol 

Pyruvate 

Net 

1 

83*7 

250*8 

167-1 

89*1 

281*3 

192*9 

2 

111*3 

215*5 

104*2 

151*8 

304*7 

152*9 

3 

138*5 

315*5 

177*0 

— 

— 

— 

4 

93*4 

237*0 

143-6 

— 





6 

92*7 

262*0 

169*3 

— 

__ , 


6 

86*6 

245*0 

158*4 

— 

— 

— 

7 

79*9 

207*0 

127*1 

— 

— 

— 

8 

57*1 

217*0 

159*9 

— ■ 

— 

— 

9 

80*9 

268*5 

187*6 

— 

— 

— 

Av. 

90*5 

246*5 

156*0 

— 

— 

— 


(cf. 67d 134*2 67*1 for 23 exps. under normal con- 

ditions (Tables 8 and 14)) 

(5) The R,Q, of dialysed pigeon brain suspensions 
in the presence of pyruvic and %-ketobutyric acids 

For washed preparations of minced pigeon brain, 
McGowan [1937] obtained an average value for the 
K.Q. in pyruvate of T 30, after allowing for residual 
gas exchange. For the b.q. of a-ketobutyrate oxida- 
tion under similar conditions, the average value 
2-37 was obtained [Long & Peters, 1939]. Both 
figures agree well with other experimental facts. 

As might be expected, the more complete oxida- 
tion of pyruvate by dialysed suspensions of pigeon 
brain which is observed in the presence of adenine 
nucleotide is accompanied by a lowered b.q. 
Furthermore, the similarity between the Og/a-keto- 
butyrate ratios for washed pigeon brain mince and 


dialysed suspensions under normal conditions, leads, 
as expected, to identical values for the b.q. The b.q. 
determinations were made by the Indirect method 
of Long & Peters [1939]. 

The R,Q, for pyruvate oxidation by dialysed pigeon 
brain suspensions in the presence of inorganic phos- 
phate and absence of added adenine nucleotide. Many 
factors contribute to the variation in the net O 2 
uptakes observed with dialysed pigeon brain sus- 
pensions respiring in presence of pyruvate and 
inorganic phosphate only. The most important is 
the temperature of the grinding process, already 
mentioned: tmder ice-cold conditions high values 
were obtained. Other factors which tend to produce 
high values are (a) the use of less permeable dialysis 
sacs, (6) shorter duration of the diatysis, ( 0 ) shorter 
periods of grinding, and (d) lower temperature of 
dialysis. While (b) and (c) can easily be reproduced, 
it is more difficult to control (a) and (d) ; hence some 
scatter of the results is inevitable. The variable 
throughout appears to be the amount of residual 
adenine nucleotide still associated with the enzyme 
preparation. 

Table 14. The b.q. for pyruvate oxidation by dialysed 
pigeon brain suspensions in the presence of in- 
organic phosphate only 


Mf20 phosphate present throughout. 40 min. respiration in 
air at 28°. 

O 2 uptake iyl.) CO 2 production (/h.) e.q. 



Con- 

Pyru- 


Con- 

Pyru- 


Con- 


Exp. 

trol 

vate 

Net 

trol 

vate 

Net 

trol 

Net 





Series A 




1 

66*6 

106*3 

39*7 

51*6 

143*8 

92*2 

0*78 

2*35 

2 

65*6 

112*6 

47*0 

49*0 

163*6 

114*6 

0*75 

2*44 

3 

58*4 

107*2 

48*8 

53*1 

146*0 

92*9 

0*91 

1*90 

4 

69*3 

123*1 

53*8 

66*1 

168*7 

102*6 

0*95 

1*91 

5 

70*5 

126*5 

56*0 

42*5 

152*1 

109*6 

0*60 

1*96 

6 

89*9 

158*2 

68*3 

73*3 

203*6 

130-3 

0*82 

1*91 

Av. 

70*0 

122*3 

52*3 

55*9 

163*0 

107*1 

0*80- 

2-05 




Series I 

5 




7 

50*1 

118*7 

68*6 

31*1 

155*6 

124*5 

0*62 

1*82 

8 

80*3 

149*7 

69*4 

' 77*3, 

202-0 

124*7 

0*96 

1*80 

9 

63*2 

134*2 

71*0 

47*6 

177*8 

130*2 

0*75 

1*84 

10 

74*7 

149*5 

74*8 

46-7 

206*9 

160*2 

0*63 

2*14 

11 

54*1 

129*8 

75*7 

47*1 

179*0 

131*9 

0*87 

1-74 

12 

43*7 

125*8 

82*1 

36*3 

182*5 

146*2 

0*83 

1*78 

13 

95*8 

194*0 

98*2' 

72*8 

263*8 

191*0 

0*76 

1-94 

Av- 

66*0 

143*1 

77*1 

51*3 

195-4 

144*1 

0*78 

1*87 


In Table 14 are recorded determinations of the 
B.Q. for pyruvate oxidation by dialysed pigeon 
brain suspensions, in the presence of phosphate and 
absence of added adenine nucleotide. Series A and 
B, respectively, include those experiments in which 
smaller and larger net Og uptakes have been ob- 
served. In Series A, a low value for the net Og 
uptake is accompanied by a high value for the net 
B.Q. In Series B, the higher average net 0 2 uptake 
corresponds with a lower net b.q. Since there is 
reason to believe that appreciable amounts of re- 
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siduai adeniiie nucleotide are active in Series B, the 
conclusion may be drawn that this activator is 
responsible for the lowering of the net b.q. Com- 
plete confirmation for this is provided in the next 
section. The average residual gas exchange is the 
same in both Series A and B. 

The R.Q. for pyruvate oxidation by dialysed pigeon 
brain suspensions in the presence of inorganic phos- 
phate and adenine nucleotide. When excess adenine 
nucleotide is added to the enzyme system, the 
extent of scatter among a series of b.q. deter- 
minations for pyruvate oxidation should be much 
reduced, since the most important variable, namely 
adenine nucleotide present in suboptimal concen- 
tration, is no longer operative. Table 15 shows the 
individual figures for eight determinations of the 
B.Q. under these conditions. The net Og uptake due 
to pyruvate oxidation is fairly constant, and 
amoxmts to nearly three times the average figure 
(64*7 jLfcL) observed in the absence of added adenine 
nucleotide (Table 14). The effect of adenine nucleo- 
tide is to lower the net b.q. appreciably. 

Table 15. The r.q. for pyruvate oxidation by dialysed 

pigeon brain suspensions in the presence of adenine 

nucleotide and inorganic phosphate 

3 xlO“‘*i¥ adenine nucleotide present throughout. Other con- 
ditions similar to those in Table 14. 



O2 uptake (^1.) 

CO2 production (fiX.) 

B.Q. 

^ 


Con- 

PjTU- 


Con- 

Pyru- 


Con- 


Exp. 

trol 

vate 

Net 

trol 

vate 

Net 

trol 

Net 

1 

63*5 

254-0 

190-5 

45*7 

366-7 

321-0 

0-72 

1-69 

2 

68-4 

264-6 

196-2 

47-1 

383-6 

336-5 

0-69 

1-72 

3 

103-9 

296-5 

192-6 

73-9 

380-7 

306-8 

0-70 

1-59 

4 

90-2 

270-3 

180-1 

66-7 

361-5 

294-8 

0-74 

1-64 

5 

122-9 

284-0 

161-1 

87-7 

364-7 

277-0 

0:71 

1-72 

6 

81-0 

257-5 ' 

176-5 

52-2 

345-5 

293-3 

0-65 

1-66 

7 

125-0 

316-5 

191-5 

79-9 

399-2 

319-3 

0-64 

1-66 

8 

112-0 

288-5 

176-5 

79-2 

361-3 

282-1 

0-71 

1-60 

Av. 

95-9 

279-0 

183-1 

66-6 

370-4 

303-8 

0-69 

1-66 


The b.q. for that part of the pyruvate oxidation in 
dialysed pigeon brain suspensions which is specifically 
catalysed by adenine nucleotide. In order to obtain 
the B.Q. for the adenine nucleotide-catalysed oxida- 
tion of pyruvate, it is best to determine the indi- 
vidual B.Q.’s in the presence, and in the absence, 
of added adenine nucleotide and of pyruvate, simul- 
taneously on the same sample of dialysed enz 3 ?me. 
In practice this is difficult, since with duplicate 
estimations 24 Barcroft manometers would be re- 
quired. The general method adopted here has been 
to use those results shown in Tables 14 and 15, 
which give the b.q. values for pyruvate oxidation 
in the presence, and in the absence, of added adenine 
nucleotide. Although the b.q. in the absence of 
added adenine nucleotide varies widely, the scatter 
among the individual values, presumably due to 
variable suboptimal quantities of adenine nucleo- 


tide in the enzyme preparation, should give the 
same net effect of adenine nucleotide for both 
series, A and B. This was the case (Table 16). 

Table 16. The b.q. for that part of the pyruvate 
oxidation which is specifically catalysed by adenine 
nucleotide 


Net O2 uptake (yh) Net COg production (j^d.) 
due to pju’uvate due to pyruvate 



No 



No 





addi- 

Added 


addi- 

Added 


Net 


tion. 

A.N. 

Net 

tion 

A.X. 

Net 

E.Q. 

Series A 

52-3 

183-1 

130-8 

107-1 

303-8 

196-7 

1-50 

Series B 

77-1 


106-0 

144-1 


159-7 

1-51 

Av. 

64-7 

183-1 

118-4 

■125-6 

303-8 

178-2 

l-SO 


The B.Q. for a-ketobutyrate oxidation by dialysed 
pigeon brain suspensions. Under normal conditions, 
the net b.q. for a-ketobutyrate oxidation by dialysed 
pigeon brain suspensions is identical with that pre- 
viously found by Long & Peters [1939] for washed 
preparations of minced pigeon brain. The average 
value (2-38) for three determinations (Table 17, 
Series A) agrees closely with the figxire 2*37 for 
minced brain. This is not imexpected, in view of 
the similarity of the ratio Og/a-ketobutyrate for 
the two enzyme preparations. 

When the b.q. for a-ketobutyrate oxidation was 
determined with dialysed suspensions prepared 
imder rigorously ice-cold conditions, it was found 
to be considerably lower than the normal value 
(Table 17, Series B). This is in accordance with the 
earlier observation that the Og/a-ketobutyrate ratio 
is markedly increased under these conditions, as 
shown in Table 12. 

Table 17. The B.Q. for a-ketobutyrate oxidation 
by dialysed pigeon brain suspensions 

ilf/20 phosphate present throughout. 40 min. respiration at 
28° in air. 


Oa uptake (^1.) COg production (ftl.) 

A ^ ^ A ^ ^ 




a-Keto- 



a-Neto- 


^ K 

Con- 



Con- 

buty- 


' Con- 

buty- 



Exp. 

trol 

rate 

Net 

trol 

rate 

Net' 

trol 

Net 





Series A 




1 

85-0 

125-7 

40-7 

59-1 

156-0 

96-9 

0-70 

2-38 

2 

69-7 

104-1 

34-4 

60-5 

135-2 

74-7 

b-87 

2-17. ■ 

3 

76-5 

115-3 

38-8 

52-0 

151-4 

99-4 

0-68 

2-56 

Av. 

77-0 

115-0 

38-0 

57-2 

147-5 

90-3 

0-74 

2-38 





' Series B 




4 

59-7 

124-7 

65-0 

34-9 

143-6 

108-2 

0-59 

1-67 

: 5 

48-2 

96-5 

48-3 

21-1 

106-2 

85-1 

0-44 

1-76 

Av. 

53*9 

110-6 

56-7 

28-0 

124-7 

96-7 

0-52 

1-71 


(6) The amounts of free and combined GO ^ formed 
during the oxidation of pyruvic acid by dialysed 
pigeon brain suspensions 

In the experiments already described on the de^ 
termination of the b.q. values for pyruvate oxida- 
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, tion, the total GOg produced was obtained by the 
summation of the amounts of free and boimd COg. 
The free COg formed was estimated by the difference 
in gas absorption in the presence and absence of 
KOH-papers ; the bound CO 2 was found by libei'a- 
tion of COg by acid at the beginning and end of the 
respiration period. The usual controls in the absence 
of substrate were made throughout. It has been 
found, that under any given set of experimental 
conditions both the total and relative amoimts of 
free and bound COg formed are remarkably con- 
stant, and that the omission of substrate, or the 
addition of adenine nucleotide, is accompanied by 
a hew set of values (Table 18). 

A pyruvate ion utilized by oxidative decarboxyla- 
tion , . 

CH3CO . COO- -f iOg CH3COO- + COg 

must be replaced by an acetate ion and 1 mol. free 
COg . A pyruvate ion completely oxidized, 

CH3CO . COO- + 2 JOg HCO3- + 2COg + HgO, 

however, is replaced by a bicarbonate ion and 
2 mol. COg. Thus in the first example all the COg 
formed appears as gas, and in the second case two- 
thirds appear as gas and one-third as bicarbonate. 

The experiments would best be performed in 
bicarbonate buffer saturated with Og containing 

Table 18. GO^ distribution as gas and bicarbonate 
during the oxidation of pyruvate by dialysed sus- 
* pensions of pigeon brain 

Distribution of total CO 2 production (/xI./40 rain.) 

f - A ' 

CO 2 gas formation Bicarbonate formation 



-Con- 

Pyru- 


Con- 

Pyru- 


Exp, 

trol 

vate 

Net 

trol 

vate 

Net 


No adenine nucleotide added, Series A 


1 

47-0 

108-1 

61-1 

4-6 

35-7 

31-1 

2' 

42-6 

123-7 

81-1 

6-4 

39-9 

33-5 

3 

40-8 

110-1 

69-3' 

12*3 

35-9 

23-6 

4 

49-0 

125-3 

76-5 

17-1 

43-2 

26*1 

5 

35-6 

113-3 

-- 75-7 

6-9 

40-8 

33*9 

6 

59-7 

156-0 

96-3 

13-6 

47*6 

34*0 

Av. 

45-8 

122-5 

76-7 

10-1 

40-5 

30*4 


No adenine nucleotide added, Series B 


7 

26-7 

115-7 

89-0 

4*4 

39-9 

35-5 

8 

58-3 

147*2 

88-9 

19-0 

54-8 

35*8 

9 

41-2 

132*7 

91-5 

6*4 

45-1 

38*7 

10 

45-6 

156*3 

110-7 

1*1 

50-6 

49-5 

11 

42-6 

138*3 

95-7 

4*5 

40-7 

36*2 

12 

33-8 

i44-5 

110-7 

2*5 

38-0 

35*5 

13 

56-1 

186-1 

130-0 

16*7 

77-7 ■ 

61*0 

Av. 

43-5,,'" 

145-9 

102-4 

7*8 

49-5 

41*7 



Adenine nucleotide added 



1 

42-1 

262-1 

220-0 

3-6 

104-6 

101-0 

2 

40-0 

269-1 

, 229-1 

7*1 

114-5 

107-4 

3 

63-1 

275*6 

212-5 

10-8 

105-1 

94-3 

'/4 

57-1 

259-9 

" 202-8 

9-6 

101-6 

92-0 

5 

69-6 

269-0 

199-4 

18*1 

95*7 

77-6 

6 

45-8 

251-3 

205-5 

6-4 

94-2 

87-8 

'f: 

74-8 

295-1 

220-3 

5*1 

104-1 

99-0 

8 

69-4 

271*3 

201-9 

9-8 

90-0 

80-2 

Av. 

57-8 

269-2 

211-4 

8-8 

101-2 

92-4 


5% COg, but in fact the medium used was initially 
free from bicarbonate and the respiration, was con- 
ducted in air. It has been observed, liowever, that 
during the equilibration period a considerable 
amount of bicarbonate is formed (about 70 and 
40/41. in the presence and absence of pyruvate, 
respectively). During the respiration period bicar- 
bonate is formed much less rapidly, whereas the 
gaseous COg formed is very considerable. Appa- 
rently equilibrium between the medium and its 
atmosphere has been reached at the begimiing of 
the respiration period. Measurement of the amounts 
of COg formed as gas and bicarbonate under 
different conditions are therefore possible ; for pyru- 
vate oxidation in the presence and absence of added 
adenine nucleotide the results are given in Table 18. 
The figures for that part of the pyruvate oxidation 
which is specifically catalysed by adenine nucleotide 
are shown in Table 19, from which it will be seen 
that about two -thirds of the COg produced appears 
as gas (COg gas formation) and one-third remains in 
solution (bicarbonate formation). These results are 
discussed later. 

Table 19. OOg production as gas and bicarbonate 
from that part of the pyruvate which is utilized 
specifically by adenine nucleotide (a.n.) catalysis 

Distribution of COg production (/4I./4O min.) 



CO2 gas formation 

Bicarbonate formation 


No Added 

^ ^ 

No Added 



addition a.n. 

Net 

addition a.n. 

Net 

Series A 

76-7 

134-7 

30-4 

62-0 


211-4 


92-4 


Series B 

102*4 

109*0 

41*7 

50-7 


89-5 211-4 121-9 


36-1 92-4 56*3 


DISCUSSION 

The collective data presented in this paper, although 
still incomplete, allow a fairly detailed comparison 
to be made of the pyruvic acid oxidation processes 
occurring in minced and in ground -pigeon brain. 
Knowledge of the behaviour of a-ketobutyric acid 
towards the same enzjune preparations has provided 
the initial clues to the problem. It has been shown 
(Table 6) that a-ketobutyric acid is equally rapidly 
utilized by minced and by ground pigeon brain 
under similar conditions. Furthermore, identical 
values have been obtained for the Og/a-ketobutyrate 
ratio and the b.q. for the two enzyme preparations^ 
It therefore seems justifiable to draw the conclusion 
that those enzymes responsible for oxidative de- 
carboxylation and anaerobic dismutation, reactions 
which are known to utilize a-ketobutyric acid in 
nainced brain, are also operative in the groimd tissue. 

Pyruvic ^nd a-ketobutyric acids have previously ' 
been shown [Long, 1942] to be equally rapidly 
utilized by respiring minced pigeon brain. In 
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ground preparations (suspensions), on the other 
hand, pyruvate has now been found to be more 
rapidly utilized than cc-ketobutyrate. This observa- 
tion can be explained in the following manner. It 
has been shovni in the experimental section that 
under certain conditions, such as the rigorously 
ice-cold grinding of the brain, the tisSue preparation 
contains appreciable amounts of adenine nucleotide, 
even after 3 hr. dialysis, and it is probable that 
even under the most favourable conditions obtain- 
able, suboptimal amounts of adenine nucleotide are 
always associated with the tissue enzyme. This fact 
becomes important when it is borne in mind that 
pyruvate utilization by ground preparations of 
pigeon brain is very susceptible to catalytic amounts 
of adenine nucleotide (Table 9), whereas a-keto- 
butyrate utilization is not nearly so sensitive, a 
definite effect in this case being difficult to detect. 
It seems certain, therefore, that if adenine nucleo- 
tide could be excluded completely from the system, 
pyruvic acid utilization would be much lower than 
that normally observed, and pyruvic and a-keto- 
butyric acids would probably be equally rapidly 
utilized. When the ground tissue enzyme was 
thoroughly extracted with hjrpotonic saline, as in 
the anaerobic oxidation experiments, the reduction 
time of methylene blue was found to be the same 
with either pyruvate or a-ketobutyrate as substrate 
(Tables 1 and 2). This is evidence in favour of equal 
rates of oxidation of pyruvic and a-ketobutyric 
acids by ground preparations of pigeon brain in the 
presence of a phosphate buffer and in the complete 
absence of adenine nucleotide. 

The reactions involved in the oxidation of pyruvic 
acid by dialysed pigeon brain suspensions, respiring 
in phosphate buffer, must now be considered. 
McGowan [1937], using minced pigeon brain, found 
the Og/pyruvate ratio to be 1*77 mol. O 2 absorbed/ 
mol. pyruvic acid utilized. The corresponding ratio 
for dialysed suspensions, under comparable condi- 
tions, has been foxmd to be 0*70 (Table 11). This 
indicates that pyruvate is much less completely 
oxidized by ground brain suspensions. Even this 
value, however, is too high, since some of the 
pyruvate is utilized by residual adenine nucleotide 
catalysis, which requires 1*20 mol. Og/moL pyruvic 
acid. The true figure in the complete absence of 
adenine nucleotide is therefore probably much 
lower, and is no doubt very similar to the Oa/oc-keto- 
butyrate ratio (0*41). This is confirmed by the net 
B.Q. values. McGowan [1937] reported the b.q. for 
pyruvate oxidation in minced brain to be 1*30. In 
this work the corresponding figure for dialysed sus- 
pensions was found to vary between 1*74 and 2*44. 
Fxnthermore, low values for the net Og uptake due 
to pyruvate oxidation are accompanied by high . 
B.Q. values. Allowing for the pyruvate which is 
oxidized by residual adenine nucleotide catalysis. 


the true B.Q. in the complete absence of adenine 
nucleotide would probably be similar to the b.q. 
for oc-ketobutyrate oxidation under the same con- 
ditions (2*38). Both lines of evidence strongly sug- 
gest that in the complete absence of adenine nucleo- 
tide, pyruvate and a-ketobutyi*ate oxidations would 
proceed according to the same reactions, i.e. oxi- 
dative decarboxylation and anaerobic dismutation. 
Presumably the process of grinding the brain 
tissue, and the consequent destruction of the cell 
structure, alters the conditions necessary for the 
complete oxidation of pyruvate to COg and water. 
The latter occurs to the extent of about 70 % of the 
pyruvate utilized by respiring minced brain [Long, 
1938]. This fraction of the pyruvate which dis- 
appears is probably utilized by the alternative 
process of oxidative decarboxylation when the 
oxidation is carried out in the presence of ground 
preparations of pigeon brain. 

If these deductions are correct, namely^ that 
dialysed pigeon brain suspensions, respiring in 
a phosphate -buffered inorganic medium, utilize 
pyruvic acid by oxidative decarboxylation and 
anaerobic dismutation exclusively, pyruvic acid 
certainly undergoes a totally different type of 
oxidation in the presence of adenine nucleotide. So 
far there is no evidence that adenine nucleotide 
exerts any influence on either of these reactions, 
and presiunably adenine nucleotide opens up a 
new reaction path for pyruvic acid. This view is 
supported by the increased utilization of pyruvic 
acid when adenine nucleotide is added, and the 
completely different set of values obtained for 
the Og/pyruvate ratio and the b.q. for that part 
of the pyruvate oxidation which is specifically 
catalysed by adenine nucleotide. 

If that part of the pyruvate utilization which is 
specifically catalysed by adenine nucleotide only be 
considered, the Og/pyruvate ratio of 1*20 and b.q. 
value of 1*50 indicate that 1*80 mol. COg are pro- 
duced by the oxidation of 1 mol. pyruvic acid, i.e. 
60% of the carbon of pyruvic acid is converted 
into COg . So far then the reaction can be expressed 
in the form 


5 CH 3 . CO . COOH -f- 60g ->• 9 COg + ( 60 + 20H + 90) . 


Further, if the COg produced in the form of 
bicarbonate is one-thirdof the total COg (Table 19), 
then 6 mol. COg are formed as gas and 3 mol. as 
bicarbonate. In order to balance the total acidic 
groups taking part in the reaction, 2 mol. fixed 
acid must also be produced : 


fiCHa.CO.COOH-feOg 

->6G02 + 3 CO 2 -f (6C + 20H + 9O). 

(COg gas (bicarbonate (2 equiv. 

formation) formation) fixed acid) 

The constitution of the fixed acid or acids is not 
Imown. The three most likely possibilities are that 
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there are (1) two 3 -carbon monobasic acids, (2) one 
2-carbon and one 4-carbon monobasic acid, (3) 
one 6 -carbon dibasic acid. Allowing for the 4 or 
5 mol. water formed, there are various possibilities, 
which would fit the equation perfectly. Speculation 
is here of little value, and characterization and 
determination of the fixed acids must be axvaited. 

SUMMARY 

1. Inorganic phosphate or arsenate is required 
for the anaerobic oxidation of both pyruvate and 
a-ketobutyrate by gi’oimd preparations of pigeon 
brain with methylene blue as H -acceptor. 

2. Inorganic phosphate stimulates the O 2 uptake 
and the utilization of pyruvate and of a-keto- 
butyrate by respiring preparations of ground pigeon 
brain (suspensions). Arsenate is slightly inhibitory. 

3. a-Ketobutyrate is utilized at the same rate 
under comparable conditions by minced and ground 
preparations of pigeon brain. Pyruvate is more 
rapidly utilized by gromid than by minced brain. 
This apparent discrepancy is discussed. 

4. Adenine nucleotide markedly increases the 


net Og uptake and the pyruvate, utilization of 
pigeon brain suspensions when inorganic phosphate 
is present. It stimulates oc-ketobutyrate oxidation 
under certain conditions, but normally its influence 
is difficult to detect. 

5. Normally the Og/a-ketobiityrate ratio and the 
B.Q. for a-ketobutyrate oxidation is the same for 
brain suspensions as for minced brain. 

6. The Og/pyruvate ratio, b.q. and COg distribu- 
tion as gas and bicarbonate have been determined 
in the presence and absence of added adenine 
nucleotide. For that part of the pyruvate oxidation 
specifically catalysed by adenine nucleotide, the 
following values have bean obtained: Og/pyruvate 
ratio, 1*20; B.Q. 1*50; gaseous COg/bicarbonate COg, 
2 - 0 . 

7. The mechanisms of pyruvate oxidation in 
minced and ground pigeon brain preparations are 
compared. The mode of oxidation of pyruvate by 
pigeon brain suspensions in the presence of in- 
organic phosphate and adenine nucleotide is dis- 
cussed. 

The author thanks Prof. I). C. Harrison for his interest 
in the work. 
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ment of a whole diet is of greater practical im- 
portance than the evaluation of the contribution 
of its different components. 

The experiments described below were carried 
out to determine the biological value of the com- 
bined proteins contained in the food served to^^^^ ^ ^ ^ 
airmen at four Royal Air Force Stations in this ; 

country during Oct ober-December, 1941. 


While much information is available on the bio- 
logical value of isolated proteins and of mixed 
proteins of individual foodstuffs, relatively little 
is known about the biological value of the pro- 
teins (nitrogen) of mixed human dietaries. Supple- 
mentary relationships between proteins make it 
naturally impossible to calculate such values from 
those of separate constituents. Hence an assess- 


226 


T, E. MAGEAE, K. M. HENRY AND S. -K. KON 


1943 



EXPERIMENTAL 

At each Station the total food available to o airmen at 
all meals during 1 week collected. Care was taken to 
ensure that this ^\'as representative of that served in the 
messes- The ahanen queued for their meals and samples 
were obtained by taking at random 5 plates offered to 
the men as they filed past. The food was collected in gal- 
vanized pails. Tea and cocoa, as served, were not added, since 
the large amount of water would have caused difficulties 
during processing. The tinned milk, sugar and cocoa powder 
used in the making of the tea and cocoa, however, were added. 

The food was then stored at - 20° for 7 days. The total 
food was ground in the frozen state, the temperature not 
being allowed to exceed -5°. Care had to be taken to 
avoid the addition of large pieces of fat, and it was essential 
to spread the butter and margarine on the bread, otherwise 
these fats clogged the mill. The ground, frozen material 
which was snow-like in appearance was mixed and dried 
in an oven maintained at 70° and through which a rapid 
current of air was passed, for 6-7 hr. Except during the. 
last i hr., the temperature of the food was much low^er 
than that of the oven, owing to the evaporation of water. 
The dried food was then minced in a sausage mincer and 
finally ground in a coffee mill; the resulting product was a 
fine brown-coloured powder, stable and suitable for analyses. 
The total weight of the diied food was determined and from 
it the average weight of dried diet representing one man’s 
daily ration was calculated. The analyses of these dried 
diets for the total amounts of nutrients have been carried 
out and -will be reported later. 

The average amount of food left uneonsumed was also 
ascertained. Table 1 gives the amount of protein in the 
food served and that in the food consumed. Protein values 
were obtained by multiplication of the nitrogen values by 
the factor 6*25. 


Table 1. Amounts of protein offered to and 
consumed by airmen {averagej^nan daily) 


Station 

Station 

Station 

Station 

1 

2 

3 

4 

(diet I) 

(diet II) 

(diet III) 

(diet IV) 

Protein in diet (%) 14-6 

16-0 

16*8 

17*2 

Protein offered (g.) 86-4 

‘ Plate waste ’ ( %) 3*3 

105*2 

106*3 

100*8 

6*0 

5*3 

7*8 

Protein consumed 83*6 

98*9 

100*7 

92*9 


(gO 


The amounts of the raw foodstuffs used in the different 
cookhouses were known. Prom tables of food values it was, 
therefore, possible to calculate the percentages of protein 
contributed to the dietaries by the individual foodstuffs. 
It was also possible to make a rough estimate of the amounts 
of the proteins which were of vegetable and animal origin 
respectively (Table 2). » 

The biological values and true digestibilities of diets from 
the four R.A.P. stations were determined by the method 
of Mitchell [Mitchell, 1924; Mitchell & Carman, 1926], using 
rats as experimental animals. Thb diets were diluted with 
starch to give an 8 % level of protein intake (N x 6*25), and 
sufficient margarine fat was added to bring the total fat con- 
tent of each diet to 10%. As analysis infficated that the 
resulting diets were rather low in Ca, 1'5% 0aH[PG4.2H2O 
was added to each. Table 3 gives the composition and 
analysis of the experimental diets. 


Table 2. Percentages of total protein contributed by 
individual foodstuffs in dietary. Calculated total 
percentage of protein of animal origin 



Station 

Station 

Station 

Station 

Foodstuffs 

1 

2 

3 

4 

Bread, white 

22*8 

■25*4 

22*0 ' 

'20*1 

Bread, National 

' 6*7 , 

10*8 

6*9 

8*1 

Flour, white 

5*2 

, 4*2 

4*1 

4*2 

Oatmeal 

2*7 

1*1 

1*5 

2*3 

Rice 

0*9 

0*9 

0*5 

0*3 

Custard powder 

0*1 

0*1 

— 

0*1 

Shredded wheat 

0*4 

— 

0*2 

— 

Cornflakes 

0*3 

1*2 

0*5 

0*2 

Cake 

3*1 

— 

3*4, 

— 

Spongecake 

0*9 

— 

— 

— 

Fruit pie 

— 

— 

0*2 ■ 

■ — 

Jam 

0*1 ' 

— 

— , 

0*1 

Milk 

5*0 

3*9 

6*8 

3*4 

Cheese 

4*2 

2*8 

2*7 

3*9 

Butter 

0*1 

___ ■ 

0*1 

0*1 

Beef 

11*1 

14*8 

12*3 

5*6 ^ 

Boneless beef 

4*6 

— 

_ 

6*2.., 

Mutton 

, — 

3*0 


4*9 

Preserved meat 

3*9 

— 

3*8 

3*6 

Liver 

— 

— 

3*8 

2*5 

Kidney 

2*6 

5*3 

2*5 

— 

Sausage 

2*4 

3*9 

6*1 

5*5 ' 

Oxtail 


— 

0*4 

— 

Oxheart 

— 

— 

. — 

1*9 

Meat roll 

. 1*2 

. 4*2 

0*8 

1*2 

Meat paste 

1*2 

— 

— 

— 

Meat pie 

— 

— 

— 

4*7 

Pork pie 

— 

— 

1*3 

— 

Cornish pastie 

— 

— 

3*4 

— 

Sausage roll 

— 


1*3 

— 

Bacon 

4*7 

4*3' 

3*6 

3*1 

Fish (haddock) 

3*8 

4*0 

— ■ „ 

5*5 

Kippers 

— 

— 

— 

2*5 

Fish cake 

— 

— 

1*1 

" — 

Potatoes 

6*3 

5*9 

6*4 

7*0 

Cabbage 

1*5 

0*8 

0*4 

0*4 

Brussels sprouts 

— 

— 

0*2 

0*4 

Cauliflower 

— 

0*4 

— 

0*4 

Carrot 

0*4 

0*2 

0*3 

0*5 ^ 

Turnip 

0*3 

0*5 

0*3 

0*3 

Parsnip 

— 

— 

0*3 

0*3 

Celery 

— , 

— 

0*1 

— 

Beetroot 

0*2 . 

0*2 

0*1 

— 

Onion 

— 

0*1 

— 

0*1 

Lettuce 

0*1 

— 

— 



Tomatoes 

0*1 

0*1 

0*1 

0*1 

Dried beans 

1*3 

0*5 

1*4 

— 

Lentils 

— 

— 

0*1 

■ — , . 

Canned beans 

1*1 

0*8 

0*3 

— , 

Apples 

— 

0*2 

0*1 

0*1 

Prunes 


0*1 

, — 

— 

Sultanas 

0*2 

■; — 

— 

0*2 

Raisins 

— , 

— 

0*2 

■■ _■ 

Cocoa 

2*0 

1*0 

1*1 

1*0 

Percentage of total 

43*2 

42*2 . 

42*7 

44*7 


protein of animal 
origin (calc.) 

Three groups of four litter-mate female rats 25-30 days 
old and weighing 52-71 g. were placed in glass and stainless 
steel metabolic cages. A description of the cages and of 
the experimental technique is given elsewhere [Henry, Kon 
& Watson, 1937]. Each animal received each of the diets 
in turn. The diets were fed mixed with IJ times their 
weight of water. 
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Table 3. Composition and analysis of 

. experimental diets 


R.A.F. diet no. ... 

I 

II 

III 

IV 

R.A.F, diet (%) 

54*7 

49*9 

47*8 

46*5 

Margarine fat (%) 

1*6 

1*1 

1*6 

3*2 

Potato starch (%) 

10*0 

10*0 

10*0 

10*0 

CaHP0,.2H,0 '(%) 

1*5 

1*5 

1*5 

1*5 

Bice starch (%) 

32*2 

37*5 

39*1 

38*8 

Nitrogen (%) 

1*329 

1*313 

1*308 

1*29' 

Moisture (%) 

10*96 

10*62 

10*46 

10*83 


RESULTS 

The results of the rat tests are shown in Tables 
4 and 5. All foui* diets have a high biological value 
and a high degree of digestibility. The differences 
between them are not large, the extremes for bio- 
logical value being 77*6 for diet III and 81-2 for 
diet IV, and for true digestibility 85-1 and 88*5 for 
diets I and IV respectively. Statistical analysis 


(Table 6) of the results by the paired ^test method 
[‘Student’, 1908; 1925] shows that the biological 
values of the proteins of diets II and IV are signi-' 
ficantly superior to those of diet III but that other 
differences can be accomited for by errors of 
sampling. With one exception the order of ascend- 
ing biological values is the same as that of ascending 
true digestibilities. When the two values are multi- 
plied one by the other, one of the steps in calcula- 
tion of the ‘protein value ’ of a food [Mitchell, 1927 • 
Mitchell & Hamilton, 1929], and the resultant 
figures are submitted to statistical analysis, diet IV 
again proves better than diet III but the other 
differences are without significance. When the ‘pro- 
tein values’ of the four diets are calculated on the 
dry basis the following values are obtained: diet I, 
9*o; diet II, IM; diet III, IM; and diet IV, 12*2.' 
Here again diet IV proves best as it is highest in 
biological value, true digestibility and nitrogen 


Table 4. Individual nitrogen metabolism data 

Wt. of rat, g. 

r—— ^ Diet intake N intake Faecal N Urinary N 

Initial Final ms. ma. incr. 


Diet intake N intake Faecal N 

g* mg. mg. 

Low egg-nitrogen diet 
49*33 — 90-6 


Biological 
True value x true 
digest!- digesti- 
bility bility 


First experimental period 


Second experimental period 


1 

IV 

102 

123 

76*45 

991*6 

273*0 

2 

I" ■■ 

104 

124 

73*49 

976*8 

291*2 

3 

II 

97 

114 

65*94 

866*0 

257*7 

4 

III 

107 

119 

67*42 

881*6 

293*6 

5 

IV 

85 

102 

59*87 

776*5 

232*2 

6 

I 

95 

110 

71-96 

777*5 

285*6 

7 ' 

II 

95 

110 

66*47 

873*0 

240*4 

8 

III 

95 

108 

65*95 

862*3 

’ 271*2 

9 

lA 

IV 

102 

122 

75*99 . 

985*6 

273*0 

10 

I 

98 

116 

75*39 

1002*0 

318*1 

11 

11 

99 

116 

72*97 

958*0 

323*0 

12 

III 

101 

118 

76*00 

993*9 

288*6 


98*0 





87*1 

— 




95*0 

— 




88*4 

— 

■ 


81*6 

— 




87*3 

— 




75*4 

— 




80*8 

' — 




61*2 

— _ . 




68*3 






68*6 






68*6 

— 

— 


266*4 

76-9 

87*3 

67*1 

234*2 

79-2 

87*0 

69*0 

228*1 

77*1 

88*4 . 

68*2 

222*3 

82-1 

90*0 

73*9 

196*0 

76-8 

86*6 

66*4 

212*6 

81-2 

86*5 

70*2 

225*8 

78*1 

84*7 

65*4 

225*3 

79*9 

88*3 

70*6 

233*1 

76-4 

89*3 

68*2 

197*5 

82-5 

90*2 

74*4 

227*6 

79-1 

91*6 

72-5 

203*3 

82-6 

89*8 

74*2 

298*8 

83-4 

90*7 

75*6 

281*2 

83*0 

89*3 

74*1 

282*5 

78-9 

88*1 

69*5 

323*2 

73*6 

84*6 

62*3 

221-6 

83*7 

89*5 

74*9 

252-5 

80-4 

69*7 

56*0 

246-0 

84*6 

88*4 

74*8 

301-1 

75-5 

85*9 

64*8 

237-9 

84-5 

91*6 

77*3 

245-6 

83-1 

85*6 

71*2 

248-8 

82-7 :■ 

85*1 

70*4 

285-3 

79*9 

88*9 

71-1 
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Table 4 {cont,) 


Biological 
True value x true 
digest!- digesti- 

bility bility 


Bio- 

Faecal N Urinary N logical 
m<y, ms. value 


R.A.F. Wt. of rat, g. 

diet t 

tested , Initial Final 


Diet intake N intake 
g. mg. 

Third experimental period 

87-48 1144-0 347-8 

85- 49 1109-0 332-9 

78-47 1043-0 341-6 

76-46 1004-0 285-9 

68-60 897-0 282-5 

83- 49 1083-0 297-0 

60-16 799-7 248-4 

73-48 965-0 309-2 

86- 99 1137-0 356-1 

86- 99 1128-0 350-8 

85- 00 1130-0 336-6 

87- 50 1149-0 357-2 

Fourth experimental period 

86- 40 1135-0 439-5 

93- 87 1225-0 437-7 

84- 51 1096-0 378-1 

83-32 1107-0 375-9 

76-49 1005-0 319-4 

82-74 1082-0 367-9 

60-43 783-8 253-7 

72-38 762-0 355-7 

94- 82 1245-0 435-1 

97-45 1274-0 479-0 

96- 00 1245-0 456-7 

97- 47 1297-0 419-9 

Low egg*nitrogen diet 

46-86 — 148-0 

56-77 — 144-3 

68-42 — 171-2 

60-92 — 160-2 

36-29 — 96-4 

49-44 — 139-5 

59- 85 — 135-0 

60- 76 147-9 

52-35 — 164-9 

58-92 — 140-6 

64-44 — 193-1 

70-87 ■— 195-9 


Table 5. Mean data for biological values and true digestibilities of the diets studied 


Standard-error 
of mean 


Period II Period III Period IV 
Biological value 

82-2 83-2 75-3 

82- 1 81-4 79-1 

76-3 81-2 74-7 

83- 9 82-4 77-0 

True digestibility 

81-5 86-8 84-5 

87-2 87-9 86-3 

86-5 89-1 . 83-5 

90-6^^ ^^ ^ ^ ^ ^^^ 89-6 84-6 

Biological value x true digestibility 

67*1 ‘ 72-3 63-7 

71-6 71-6 68-3 

66-1 72-2 62-3 " 

75-9 73-8 65-1 


Mean 


Period I 
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Tabled. Statistical analysis of the data in Table 5 

Difference tested ; 7 Diet I-II Diet I-III ' Diet MV Diet IMII , Diet IMV Diet IIMV 

Biolom cal value 


Niiiiaerical difference 

-1-0 

+ hS 

Standard error of mean^ 

±M1 

4-1-58 


1 : 5 

1:4 


Not sig. 

Not sig. 



True dij 

Numerical difference 

“ 2*2. 

-1-7 

Standard error of mean 

4-hm 

dz l‘6o 

p* 

1 : 0 

1 : 3 


Not sig. 

Not sig. 


Biological value 

Numerical difference 

-3*1 

4 0-3 

Standard error of mean 

zr 1*75 

±1*94 

p* 

1 : 10 

1 : 1 


Not sig. 

Not sig. 


=i' P= probability that a mean difference at least as great 
sampling from a bomogeneous population. 

content. Diet I takes last place, while the 
superiority in biological value of diet II over 
diet III is compensated for by the higher nitrogen 
content of III. 

DISCUSSION 

It is of interest to compare the data for the com- 
plete R.A.F. diets with the values reported in the 
literature for separate proteins, or for their com- 
binations. Our results were obtained with yoimg 
growing animals and therefore the combined re- 
quirements for growth and maintenance were 
measured. The work of Mitchell [1924] has shown 
that with growing rats the size of the animal has 
little effect on the estimate of the biological value 
of a protein. -There are, however, indications 
[Sumner, 1938; French & Mattill, 1935; also un- 
published work from one of our laboratories] that 
with adult rats the results are different from those 
with rats in the vigorous period of growth. Also, as 
the biological value of a protein varies according 
to the level of intake, only corresponding levels 
should be compared. The biological values of the 
R.A.F. diet piroteins are high. Of single foodstuffs 
they are surpassed only by eggs and milk and nearly 
equalled by liver and kidney.* Of the proteins of 
vegetable products none can be said to attain these 
values. There must have been much supplementa- 
tion, of the poorer proteins by the better. 

Relatively few estimations of combinations of 
foodstuffs have been published, and hardly any of 
them deal with complete mixed diets. Most come 
from India and China. Adolph & Cheng [1935] 
reported a very high biological value, 83 at a 10 % 
level, for a mixture of maize, millet and soya bean, 
but Lan [1936] obtained a lower value, 73, for the 
same mixture. He quotes a value of 77, however, 

* du Toit & Smuts [1941] have very recently reported 
a biological value of 94 for white fishmeal. 
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- l-S 

4 3-3 

-0-3 

-3-6 

4-1-77 

41-23 

±1-18 

±1-23 

1 : 3 

U 47 

i : 1 

1:72 

Not sig. 

Significant 

Not sig. 

Significant 

gestibility 

-3-4 

40-5 

-1-2 

-1-7 

±1*97 . 

±1*34 

±1-06 

±M6 

1:9 

1 : 1 

1 :3 

1 : 6 

Not sig. 

Not sig. 

Not sig. 

Not sig. 

X true digestibility 

-4-3 

43-4 

-1-2 

-4-6 " 

±2-64 

± l-8o 

±1*81 

±1*85 

1 : 8 

1 : 11 

1:2 

1 : 33 

Not sig. 

Not sig. 

Not sig. 

Significant 


,s the observed mean difference would have arisen by random 

for a combination of soya bean and wheat gluten. 
Swaminathan [1938], using adult rats, investigated 
various mixtures of vegetable origin and obtained 
the highest values, 84 and 81 respectively, for com- 
binations of red and green gram, Cajanus indicus, 
Phaseolus radiatus with ragi, Eleusine coracana. 
A mixed vegetarian diet of rice, red gram, black 
gram, amaranth leaves, brinjai and coconut yielded 
in his hands [Swaminathan, 1937] at a 10 % level 
of intake, figures for biological value and true 
digestibility of 82 and 92 respectively. The supple- 
mentary relationship between animal and vegetable 
proteins is well Imown [Mitchell, 1924; Mitchell & 
Carman, 1926], and the value of an addition of milk 
has been confirmed by Swaminathan [1938]. He 
thus attained values as high as 84-94 for combina- 
tions of approximately 10 p&ts of ragi with 2 parts 
of various pulses and 1 part of dry skim milk, and 
values from 77 to 90 for similar combinations of 
rice, pulse and milk. There is no doubt that bio- 
logical values as high and even higher than those 
now reported can . he obtained for predominantly 
vegetarian diets. However, the ‘protein value’ of 
such diets works out at a much lower figure than 
those for the R.A.F. diets. Thus Swaminathan’s 
[1937] diet, which is very similar to the ‘Poor 
Madrassi’ diet of Aykroyd & Krishnan [1937], con- 
tained oiffy 10*5 % crude protein as against nearly 
double this figure for the R.A.F. diets. Its ‘protein 
value ’ is therefore 6* 6— about half that of the best 
R.A.F. diet. 

SUIVIMARY 

1. A method is described whereby the total food 
served at. meals may be converted into a homo- 
geneous and stable product, suitable for analyses 
to determine its nutritive value. 

2. The biological values of the mixed proteins 
contained in the food served at four R. A.F. Stations 
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were 79-4, 80-9,. 77*6 and 81*2 respectively. The 
mixture of proteins in all diets had, therefore, a 
high.bioiogicaJ. value which must have been due to 
supplementation amongst the protems. Not much 
more than 40 % of the total proteins in the diets 
■were of animal origin. 

3. The true digestibility coefficients of the four 
diets were 84*5, 86*3, 83*5 and 84-6 respectively. 
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Studies on the Acetone-Butanol Fermentation 

4. ACETOACETIO ACID DECARBOXYLASE OF CL. ACETOBUTYLICUM (BY) 
By R. DAVIES, From the Biochemical Laboratory, Cambridge 
[Received 7 December 1942) 


Although the enzyme systems responsible for the 
‘fermentation of pyruvic acid and of glucose by 
Cl. acetohutylicum are so unstable as a whole that, 
in the absence of the substrate, their activity cannot 
be preserved in cell suspensions for more than a few 
hours [Davies, 1942], one enzyme has been found 
to be extremely stable; this is acetoaeetic acid de- 
carboxylase, the enzyme responsible for the decar- 
boxylation of aeetoacetic acid to acetone. The 
quantitative natm‘e of the reaction, its optimum 
pH, and the effect of the age of the cells on their 
decarboxylase activity, have already been de- 
scribed; also the insensitivity of the enzyme to Og, 
its ability to withstand acetone, and the fact that 
it can be extracted cell-free from the acetone powder 
[Davies, 1942]. In this paper the purification and 
properties of the isolated enzyme will be described. 
The parallel isolation of the lysine decarboxylase of 
Escherichia coli will be published later [Gale & Epps, 
1943], 

METHODS 

Preparation of acetoaeetic acid, 1 3 g. of redistilled 
ethyl acetoacetate were dissolved in 100 inl. N 
NaOH and kept at room temperature for 40 hr. 


The ice -cooled solution was acidified with H2SO4 
(25 ml. of 20% by voL); the acetoaeetic acid was 
twice extracted with 150 ml. ether and the ether 
evaporated at room temperature. From the residue 
neutralized with N NaOH the unchanged ester was 
removed by extraction with ether ; finally the ether 
was evaporated in vacuo. After standardization by 
measuring the CO 2 evolved when a portion was 
incubated with acetone -treated cells of Cl. aceto- 
hutylicum in Warburg manometers, the concentra- 
tion was adjusted to M 12. 

Preparation of acetone-treated cells. 5 1. flasks con- 
taining 4|*i. of 2% glucose-liver medium [Davies 
& Stephenson, 1941] were sown with 80 ml. of a 
vigorously fermenting culture of Cl. acetohutylicum 
(BY) on 5 % maize-meal mash, and were then incu- 
bated at 37° until the R other a acetone test was 
intense (about 40 hr.). The culture was then strained 
through muslin and the cells collected in a Sharpies 
super-centrifuge. They were washed once on the 
ordinary centrifuge with about 400 ml. distilled 
water and suspended in 50-100 ml. distilled water. 
This suspension was blown rapidly from a pipette 
into 10 vol. of vigorously stirred acetone; after a 
few minutes the precipitate was collected on a 
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Buchner funnel, washed with acetone and with 

ether,' tuid sucked dry. 

Goncliticms for the determmation 
of enzyme activity 

The optimum substrate concentration, and the 
optimmn for decarboxylation, were determined 
for both fresh and acetone -treated cells. Qcog 
the decarboxylation w^as measured by Warburg 
manometers. 

Effect of substrate concentration. It is seen (Fig. 1) 
that the affinity of the enzyme for its substrate is 
fairly low, and is slightly lower for fresh cells than 



Fig. 1. Effect of substrate concentration on the rate of 
decarboxylation by fresh and acetone-treated cells. 
Warburg manometers contained 0-3 ml. 2M acetate 
buffer pH 4*5 (for fresh cells) or pH 5-0 (for acetone- 
treated cells), sufficient Mj^ acetoacetic acid to give 
concentrations of i¥/15 to iff/ 1000, and in the side bffib 
0*1 ml. cell suspension; total vol. 3*0 ml.; temp. 37*5°; 
gas phase air. 

for acetone-treated cells, which require 711/20 aceto- 
acetic acid to saturate the enzyme, the half -speed 
concentration being 0*007 iVf. 

Effect of pH. This is shown in Fig. 2; curves 
1 and 2 were obtained with two different suspen- 
sions of fresh cells and the optimum pH differs 
considerably for the two. The optimum pH for 
certain amino-acid decarboxylases of other micro- 
organisms also varies similarly [Gale, personal com- 
munication]. The optimum pH for the decarboxyla- 
tion by acetone -treated ceils is seen to be 5*0. 

Estimation of the activity of the enzyme prepara- 
tions. Conditions of optimum activity were used, 
the pH being 5*0 and, the final acetoacetic acid con- 
centration <i:M/20. Decarboxylation was measured 
in Warbm’g manometers containing in a total 
volume of 3*0 ml., 0*3 ml. 2M acetate buffer of 
pH 5*0 and 0*5 ml. M/2 acetoacetic acid; the gas 
space contained air and the temperature was 37*5°. 


The rate of CO 2 evolution has been correlated with 
the C content of the enz;^une preparations, deter- 
mined by the method of Van Slyke & Folch [1940],. 
and the activities are expressed as /xl. C 02 /hr. x. 
mg. C, called Qco.* enz^uiie unit (b.ij.) has 



pH 

Fig. 2; Effect of pH on the rate of decarboxylation by 
fresh and acetone -treated cells. Warburg manometers 
contained 0*3 ml. 2 iff acetate buffer of the desired pH, 
0*5 ml. iff/2 Na acetoacetate, and in the side bulb 0*1 ml. 
cell suspension (for ,, fresh ceils 4*4 mg. dry wt. cells/mL; 
for acetone-treated cells 5 mg. acetone powder/mi,); 
total vol, 3-0 ml.; temp. 37*5°; gas phase air. 


been defined as the amount which wall liberate 
100 /xl. CO 2 in 5 min. at 37-5*^ under the optimum 
conditions. 

Extraction of the enzyme 

Distilled water at 37° was the most satisfactory 
extractant. The pH was not critical but at pH 4*0 
extraction became very poor (Table 1). Prolonged 


Table 1 . Extraction of the enzyme 


5 mg. of acetone-treated cells were incubated for 4 hr. at 37® 
mth 5 mi, of the following: {a) distilled water, (&) 0*9% NaCl, 
(c) Jff/100 acetate pH 40, {d) iff/100 acetate pH 5*0, (e) iff/100 
acetate pH 6*0, (/) iff/75 phosphate pH 7*0, {g) iff/100 borate 
pH 8*0, {%) iffAOO borate pH 9*0. The suspensions were then 
centrifuged and a suitable portion of the supernatant tested for 
decarboxylase activity. 

Buffer at pH 


Extracting 0*9 % / ^ 

agent ' Water NaCl 4*0 5*0 60 7*0 '80 90 

% initial activity ex- 52 41 6 51 50 38 29 25 

tracted in 4 hr. at 37° 


incubation results in bacterial contamination of the 
acetone powder suspension, hence a few drops of 
capryl alcohol were added to one half the suspen- 
sion to check this ; it will be seen that whereas in 

15-2 
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24 iir. 95 % of the enzyme was extracted' in the 
presence of capryl alcohol, 140'% was extracted in 
its absence (Fig. 3'). This extra enzjnne conld hardly 



Hr. 


Fig. 3. Rate of extraction of enzyme from acetone powder 
at 37°. 25 mg. acetone-treated cells were susj)ended in 
5 ml* water and incubated at 37°; to a similar suspension 
was added one drop of capryl alcohol, with shaking, and 
this also was incubated at 37°. Samples were withdrawn at 
intervals for the determination of decarboxylase activity 
in the extract. 

have resulted from bacterial growth, and it is prob- 
able that it was present all the time but that its 
activity was somehow masked. Fig. 4 shows the 
variation of the total and of the extractable activity 
with the temperature of incubation. Heating the 
suspension to 70° for 30 min. almost doubled the 



Temperature 


Fig. 4. Variation of total and extractable activity with 
temperature of incubation. Suspensions containing 60 mg. 
acetone powder in 2 mi. water were incubated at various 
temperatures for 30 min. and the decarboxylase activity 
of the extract was then determined. 

total activity of the suspension, although at no 
, temperature is more than about half the total 
activity extractable. This increase in activity cannot 


1943 

be due to production of new enzyme but , must be 
due to freeing of enzyme previously masked. Prob- 
ably the enzyme is present in the cell in two frac- 
tions, one of which is easily extracted and the other 
fixed to insoluble constituents of the cell from whicli 
it can be liberated only with difficulty. 

At 70° ,(Fig. 5), as a,t 37°, much activity is ex- 
tracted very rapidly; for 1 hr. thereafter the rate 
of extraction falls, and later destruction of the 



Fig. 5. Rate of extraction of enzyme at 70°. A suspension 
of 120 mg. of acetone powder in 4 ml. water was incu- 
bated at 70° and samples were withdrawn at intervals 
for the determination of decarboxylase activity in the 
extract. 

enzyme sets in. The stability at 70° varies with 
different acetone powders. Thus one powder lost 
69 % of its activity after 1 hr. at 70°. The ease of 
extractabiiity of the enzyme also varies (Table 2) 
for imknown reasons. 

Table 2. Variation in extractabiiity 
of the enzyme 

The various acetone powders were incubated at 37° in aqueous 
suspension at a. concentration of 5mg./mL for the times show^n 
in the table. After incubation the suspensions were centrifuged 
and the decarboxylating activity of a suitable aliquot’ of the 
supernatant determined. 

Acetone powder preparation 

A B C E* 

Incubation , ^ \ ^ 

time (hr.) ... 1 1 4 1 4 22 24 24 

Initial activity 62 13 52 43 80 284 22 76 

extracted (%) 

Initial Qco^ 136 2300 2230 1065 1030 1210 

* These suspensions contained capryl alcohol. 

The amount of enzyme extracted is independent 
of the concentration of the acetone powder sus- 
^ pension within the range 1-30 mg./ml. W'ith high 
concentrations, however, the centrifuging of re- 
sidual insoluble material becomes difficult. A con- 
centration of 15 mg. acetone powder/ml. seems to 
be the most suitable. 
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Purification of the enzyme 

Adsorption 07i to alumina Gy, The first step in the 
purification was adsorption on to alumina Cy. Of 
til© other adsorbing agents tried, kaolin adsorbed 
well at pH 4*0, and to some extent (30%), at 
pH 5*0, but not at reactions alkaline to this; Ga 
phosphate adsorbed 84% of the enzyme at pH 7-2 
while kieselguhr adsorbed 78 % at pH 4*0. Alxunina 
Gy suspension (13-17 mg. alumina/ml.) possesses 
several advantages; at pH 5-0 and 6*0, it adsorbs 
70-80% of the enizjTine, but at pH 7*0 and above 
less than 6%, For adsorption, the extract was 
therefore brought to pH 5*0 by the addition of 
2-0^ vol. of 2M acetate buffer. An extract derived 
from an acetone powder suspension of 5 mg./ml. 
requires vol. alumina suspension, but with 
stronger extracts more alumina is required, 0*3 vol. 
being sufficient up to 30 mg./ml. 

Adsorption is very rapid though not instan- 
taneous; 60 % is adsorbed in less than 1 min., 89 % 
in 5 min. and 93 % in 10 mm. The rate of elution of 
the enzyme is very similar. 10 min. was allowed 
for both processes. 

Elution of the enzyme. The alumina was suspended 
in ilf/5 phosphate buffer at pH 7*0 and after 10 min. 
was centrifuged. For maximum elution the volume 
of eluent should be at least double the volume of 
alumina suspension used in the adsorption of the 
enzyme. 

Precipitation by ammonium sulphate. Solid 
(NH4)2S04 was now added to the clear yellow ©iuate 
to give 80 % saturation. The solid was used to keep 
the volume low: 75 g-/100 ml. of represents 

saturation, and other figures are based propor- 
tionally. The precipitate was separated by centri- 
fuging and redissolved in a volume of distilled 
water equal to about 25% of that of the eluate. 
Fractional precipitation with (NH4)2S04 failed to 
separate out the enzyme consistently in any one 
fraction probably owing to variations in protein 
impurities: Accordingly it was decided to remove 
more of the inactive protein before attempting 
fractional precipitation with (]SrH4)2S04. 

Removal of inactive protein. The addition of vol. 
of 2 M acetate buffer at pH 4-0 to the solution of 
the fraction precipitated by 80% sat. (NH4)2S04 
was found to precipitate much of the inactive 
material; subsequent addition with rapid mixing 
of J vol. of ethanol to the same solution precipitated 
a further quantity. More ethanol (-| vol.), however, 
inactivates the enzyme. 

The enzyme could be recovered from the alcoholic 
solution by adsorption on to alumina Gy and elution 
with M/5 phosphate buffer of pH 7*0, using 0*3 vol. 
of alumina suspension and a volume of phosphate 
equal to the volume of the preparation before 
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ethanol treatment. For the adsorption with alumina 
the pH remained at 4-0. ^ ' 

Fractional precipitation with ammoniutn suiplhate. 
After the above treatment it was found, that most; 
of the enzyme was consistently precipitated in the 
50-60% sat. (NH4)2S04 fraction, and that this was 
also the purest fraction. 

It should be pointed out that the degree of puiifi- 
cation obtained in each stage varies considerably 
from on© preparation to another but at the last 
stage the activity is never less than Qco^ = 200,000. 

To carry puiification further much time and 
starting material would be needed. From 6 to 9 g. 
of acetone-treated cells, which is the entire crop 
from 18 1. of medium, the total amount of protein 
in the enzyme preparation when an activity of 
300,000 is reached, is of the order of 2-5 mg., of 
which 0* 5-1*0 mg. is required for a reliable estima- 
tion of the G content. A few further treatments 
were, however, tried with variable results. Heating 
the preparation to 55° or even to 65° did not remove 
any inactive material; a second adsorption of the 
enzyme on to alumina Gy and elution with ilf/5 
phosphate did not increase activity; concentration 
of the final preparation, and repetition of the 
ethanol precipitation at pH 4*0, resulted, in one 
case, in division of the enzyme between the ethanol 
precipitate and the solution when the precipitate 
had a slightly increased activity, but in another 
case most of the activity was lost. 

Difficulties in centrifuging the enzyme precipitates. 
Satisfactory sedimentation of the enzyme at high 
concentrations of (]LsrH4)2S04 (60 % and above) pre- 
sented difficulty. This was especially marked with 
the more highly purified preparations, and when a 
Qgo of 200,000-300,000 is reached the precipitate 
formed on 60% saturation with (NH4)2S04 cannot 
be separated on the centrifuge at 3500 r.p.m. Such 
precipitates have to be filtered off tllrough a G4 
glass filter, a very slow process. The addition of a 
drop of capryl alcohol, followed by the thorough 
removal of dissolved air by evacuation, improves 
the sedimentation of the precipitates in the earlier 
stages of the purification, but fails in the final stage. 

The final purification procedure. The details of 
one typical experiment on the purification of the 
enzyme are set out below: 

(1) 5*2g. of acetone-treated cells (ii.iJ. = 4260; 

= 2810) were suspended in about 1 1. of dis- 
tilled water and incubated at 37° for 4 hr. The 
suspension was centrifuged and 1030 ml. of a cloudy 
yellow extract were obtained (e.ij, = 1725; = 

1180). 

(2) To the extract were added vol. of 2ikf 
acetate buffer of pH 5*0 and vol. of alumina Gy 
suspension (16*7 mg. alumina/ml.). After 10 min, 
the alumina was spun off and suspended in 203 ml. 
M/5 phosphate buffer of pH 7*0. After another 
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10 min. this wa..s centrifuged and 203 ml. of a clear 
yellow solution obtained (e.u. = 900; Qco^ — 704^0). 

(3) To the eluate were added 120 g. (NH4)2S04 
giving 80 % saturation; the centrifuged precipitate 
gave a yellow solution in 37*5 ml. distilled water 
(E.-D-. = 710 ; Q go, = 45,000). 

(4) To this solution were added vol. 2M 
acetate buffer at pH 4*0 and then ^ vol. ethanol, 
with vigorous shaking. After a few minutes the 
precipitate W’as spun off and 11 ml, of alumina Cy 
suspension (strength as above) were added to the 
centrifugate; after 10 min. the alumina was spun 
off and the enzyme eluted for 10 min. with 37*5 ml. 
M/5 phosphate buffer at pH 7*0. A clear, slightly 
yellow solution was obtained (e.xj. = 539; Qgo = 
85,000). 

(5) To this eluate were added 13*6 g. (ISrH4)2S04 
giving 50% saturation; the precipitate w^as spun 
off and discarded. The centrifugate contained the 
enzj-nne (e.tj.=± 440; <2 CO, = 172,000). 

(0) To the centrifugate 2*73 g. {]SrH4)2S04 were 
added giving 60 % saturation. The precipitate was 
filtered off and dissolved in 5*2 ml. distilled water ; 
the solution contained 181 units of Q go. = 3^0,000, 
This was the final preparation (Table 3). The most 

Table 3. Purification of the enzyme 


( 1 ) Reaction mlocity : effect of pH. This was deter- 
mined in M/5 acetate buffer. The optimum pH is; 
seen to lie at 4*9™5*0 (Mg. 6). 


io y \ 

■ / V 

o / \ 

'U ^0- / 

0 , r- — 5 1 X n 

3-0 3*5 4-0 4*5 _ 5*0 5-5 6*0 6-5 

pH 

Fig. 6. Effect of pH on the rate of decarboxylation by the 
purified enzyme. Manometers contained 0*5 ml. enzyme 
solution, 0-3 ml. 2 Jf acetate buffer of the required pH, 
0*5 ml. M/2 Na acetoacetate ; total vol. 3-0 ml.; temp. 
37*5°. 

(2) Effect of substrate concentration. Fig. 7 shows 
that the affinity of the enzyme for its substrate is 
fairly low, a concentration of 0‘05M acetoacetic 
acid being required to saturate the enzyme, the 
half-speed concentration being 0-008M. 


Enzyme 

units 

^§0, 


160 

4260 

2,810 



1725 

1,180 


f20- 

900 

7,040 

S 


710 

45,000 

0 

0 

80- 

539 

85,000 


40 H 

181 

330,000 


i 


Treatment 

(1) Original acetone powder 

(2) Aqueous extract 

(3) Adsorption on to alumina and elution 

with M/5 phosphate pH 7-0 

(4) Precipitation by 80 % saturation 

with (NH4)2S04 

(5) Precipitation by vol. ethanol at 

pH 4*0 followed by adsorption on to 
alumina and elution with phosphate 

(6) Precipitation by (NH4)2S04 between 

the limits 50-60 % saturation 


active preparation so far obtained had an activity 
of 404,000 (but see below on the dissociation of the 
enzjnne). 

Properties of the purified enzyme 

Strong solutions of the purest enzyme yet ob- 
tained are very slightly yellow, perhaps owing to 
impurities, sine© yellow pigments are eliminated at 
almost ©very Stage of the purification. The ultra- 
violet absorption spectrum determined in the 
Spekker spectrophotometer shows a typical protein 
absorption curve having a maximum at 275m^ 
and log Iq/I of 2*8 at this wave-length for a solution 
containing 0*533 mg. C/ml. (about 1 mg. protein). 
All the following experiments were carried out with 
the enzvme ureDaration of O = 404. 000 


0 M/50 m/20 m/\0 m/5 

Acetoacetic acid 

Fig. 7. Effect of substrate concentration on the rate of 
decarboxylation by the purified enzyme. Manometers 
contained 0-5 mi. enzyme solution, 0*3 ual. 2 acetate 
buffer pH 5*0, M/2 ISTa acetoacetate to give the required 
concentration ; total vol. 3*0 ml. ; temp. 37*5°. 

(3) Effect of temperature. The temperature coeffi- 
cient increases slightly with rise in temperature 
(Fig. 8). For the rang© 20-30° the <2ioo= 1*82 and 

for 30-40° the <3 10“ = 2* 10. 

Fig, 9 shows the effect of 5 min. exposure to 
various temperatures, the activity being determined 
at 37*5°. Little destruction occurs up to 70°; above 
70° the enzyme is rapidly inactivated, being almost 
completely destroyed in 5 min. at 85°. Inactivation 
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at 60‘^ occurs at a fairly steady rate (Fig. 10). There 'fairly powerful inhibitor of it and NaNg inhibits it 
was no detectable loss in activity of an aqueous ' in high concentrations. a-Keto-acids inhibit it to 
solution that had been stored for 5 weeks in the 
ice -chest at 4°. 


15 20 25 30 35 40 45 50 , ^ ^ ^ ^ ^ p— | 

Temperature 0 5 !0 15 20 25 30 

Fig. 8. Effect of temperature on the rate of decarboxyla- Min. 

tion by the purified enzyme. Manometers contained Efifeet of time on the activity of the enzyme inou- 

n.K ml ftny.vmft snlntinn. 0*5} ml. '2 M acetate bufier 'UH i j i r . 


0*5 ml. enzyme solution, 0*3 ml. 2M acetate buffer pH 
5’0, 0*5 ml. Jf/2 Na acetoacetate ; total vol. 3*0 ml.; 
temp, as indicated. 


bated at 4 ml. of the enzyme preparation were 

incubated at 60° and samples (0*5 ml.) were withdrawn 
at intervals for determination of decarboxylase activity. 


Temperature 

Fig. 9. Effect of temperature on the stability of the 
enzyme. 1 ml. enzyme preparation was heated for 5 min. 
at the temperatures shown in the figure; 0*5 mi. was then 
used for the determination of activity under the optimum 
conditions. 

(4) Effect of inhibitors. The effects of welhkaowii 
enzyme inhibitors are given in Table 4. Unlike yeast 
carboxylase [Green, Herbert & Subrahmanyan, 
1941] the enzyme is comparatively insensitive to 
Cu, though very sensitive to 


varying degrees and outstanding in this class is 
acetopyruvic acid which causes 65 % inhibition at 
a concentration of M x 10“®. The structural rela- 
tionships between this substance and acetoacetic 

Table 4. Effect of inhibitors on 
decarboxylase activity 


Inhibitor df 

Heavy metals : 

FeCls 10“2 

CUSO4 2xl0"2 

AgNO. ' 10~5 

HgCb 10-^ 

General: 

Capryl alcohol Satd. sol. 

Na^S 10-1 

Urethane 10 ^ 

Toluene Satd. sol. 

NaHa I0"2 

lodoacetic acid 10 ^ 

... KGN ■ ■ ■ 10”^ 

Competitive: 

Acetone 1 

Methyl ethyl ketone 1 

Acetone dicarboxylic acid 5 x 10~^ 

Pyruvic acid 5 x 10”- 

a-Ketoglutaric acid 5 x 10”- 

Ethyl acetoacetate 10"^ 

Malonic acid 10"^ 

r\ 1 j-i - 


Inhibition 
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acid suggest that the inhibition is of a competitive 
kind, acetopyniv'ic acid being the most closely re- 
late<l and also the most powerfully inhibitory. The 
marked iniiibition of acetoacetic acid decarboxylase 
by low concentrations of acetopyruvic acid disposes 
entirely of ' the theory that this substance is an' 
intermediate in the formation of acetone. 

(6) Specificity of the enzyme. Table 5 shows that 
the enzyme is specific for the decarboxylation of 
acetoacetic acid within the range of substances 
tested. 

Table 5. Specificity of the enzyme 


Substrate 

Cone. 

M 

CO2 

/xl./5 min. 

Acetoacetic acid 

0*08 

138 

Ethyl acetoacetate 

0*1 

0 

Pyruvic acid 

0*05 

0 

Acetopyruvic acid 

0*05 

0 

Oxaloacetic acid 

0*01 

0 

a-Ketoglutario acid 

0*05 

0 

Acetone dicarboxylic acid 

0*05 

0 


All the determinations were made in df/5 acetate pS. 5*0. 

(6) Effect of enzyme concentration. Fig. 11 
(curve 1) shows that the reaction velocity increases 
more rapidly with increasing enzyme concentration 
than would be expected on the basis of a linear 



Fig. 11. Effect of enzyme concentration on the rate of de- 
carboxylation. (1) without yeast extract, (2) in presence 
of yeast extract. Manometers contained 0*3 ml. 2M 
acetate buffer 5*0, 0*5 ml. MI2 Na acetoacetate, 
0*5 ml. of a boiling-water extract of dried brewer’s yeast 
in one series, and enzyme solution as shown in the figure; 
total voL 3*0 mi.; temp. 37*5°. . 

relationship. This suggests that at low concentra- 
tions the enzyme may dissociate into a specific 
protein and a eoenzyme, only the undissociated 
enz;^nne being catalytically active. That this is the 
ease is shown by curve 2 where the reaction velocity 


. has been determined in the presence of a boiling- 
water extract of dried brewer’s yeast; here the 
relationship between enzyme 'concentration and 
reaction velocity is linear. Presumably the extract 
contained the coenzyme in sufficient concentration 
to coxmteract the dissociation of the enzyme. 

The concentratidn of enzyme in the region where 
dissociation is greatest is only about 0*7 /xg./mi. and 
it is in fact only because of the high activity of the 
enzyme that the dissociation can be observed. As- 
suming that the enzyme is pure it can be calculated 
from the curves of Fig. 11 that the dissociation 
constant for the enzyme is very approximately 
1*55 X 10~® mol./l. This may be compared with the 
value of 2*5 X 10“^ mol./l. for d-amino-acid oxidase 
[Warburg & Christian, 1938a]. 

Attempts to separate enzyme into 
protein and coenzyme 

The dissociation of the enzyme in low concentra- 
tions should make it possible to separate the* protein 
from the eoenzyme by dialysis ; all attempts so far, 
however, have been unsuccessful ,* dialysis for 24 hr. 
at 37° of 30 ml. of a solution containing about 1 gg. 
enzyme/ml. against 41. of M/5 acetate buffer at 
5*0 effected no change in the activity of the 
enzyme, these conditions being precisely those 
under which dissociation is observed in the mano- 
meter. 

Precipitation with ammoniacal (NH4)2S04, which 
reversibly dissociates yeast carboxylase [Green 
et al. 1941] does not so dissociate acetoacetic acid 
decarboxylase. At room temperature, at 45° for 
5 min., at 55° for 5 min. and at 0° for 20-40 hr., 
there is a varying loss of activity, but in no case 
can the activity be restored by adding a boiled 
suspension of acetone powder or of dried yeast. The 
same is true after precipitation by (NH4)aS04 in 
acid solution by the method of Warburg <& Christian 
[19385] as described by Weil -Malherbe [1939], 
while increase in the final acid concentration up to 
M/22 HCl results in a 50% loss of activity which 
also cannot be restored. Adjustment of the enzyme 
solution to pH 2 or pH 3 followed by precipitation 
with 10 vol. acetone results in complete loss of 
activity. Finally, 2 ml. of enzyme solution were 
dialysed for 22 hr. at 17° against 800 ml. of a 
solution containing 9 parts 70% sat. (jSrH4)2S04 
solution and 1 part cone. hSTHg solution, and this 
was followed by dialysis for 1 hr. against running 
tap watdf . The enzyme was then found to have lost 
76 % of its activity, which loss could not be restored 
by adding boiled cells. It must be assumed in view 
of these failures to restore the activity of the enzyme 
that all the above procedures have not caused 
the enzyme to dissociate but have merely in- 
activated it. 
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The nature of the coenzyme 

Despite the failure to split the enzyme reversibly 
into a coenzyme and a specific protein, some in- 
formation as to the identity of the coenz^nne has 
been obtained by studying the reversal of the disso- 
ciation that occurs at low enzyme concentrations. 
As has been shown, yeast extract and an extract of 
acetone -treated ceils can counteract the dissocia- 
tion, hence the ability of other substances to replace 
the extracts was investigated. The compounds 
tested were cocarboxylase, thiamin monophosphate, 
thiamin, muscle adenydic acid, cozymase (60-70 % 
pure), an old preparation of diaphorase containing 
a considerable proportion as free flavin and, finally, 


ribofla\dn had already^, been shown to be, inactive 
with fair certainty. There remained the first three 
possibilities. Table 7 shows the effect'' of boiling, 
and of hydrolysis in acid and alkali, on. the activityr^ 
of the diaphorase preparation. It is seen that boiling 
and acid hydrolysis do not alter .the acti\dty, btit 
that hydroly^sis with alkali causes some '.inactivation. 
The first result shows that diaphorase itself cannot 
be the coenzyme, while the result of acid hydrolysis 
rules out riboflavin adenine diiiiicleotide since, under 
the conditions used, this substance would be hydro - 
tysed into adenydic acid and riboflavin phosphate 
[Abraham, 1939]. Kibofiavin phosphate, however, 
is not split rmder these conditions [Kiilm & Rudy^, 
1936]. Unfortunately it has been impossible to 


Table 6. Inhibition of dissociation by various substances 

The manometers contained 0*3 ml. 2M acetate buffer p'K 5-0, 0*5 ml. ilf/2 acetoacetic acid, 0*1 ml. enzyme solution containing 
about 0*7 /ug. protein; the total vol. was 3*0 ml. Temp. 37*5°. The diaphorase preparation contained total flavin equivalent to about 

20 ug, lactoflavin/ml. ^ 

" Substance tested 

1% ex- 
tract of Thiamin 

10% acetone- Co- mono- Muscle 

yeast treated carbo- phos- adenylic Co- Lactoflawn Diaphorase prep, 

extract cells xylase phate Thiamin acid zymase , ^ , ^ s 

Nil 0*5 ml. 0*5 ml., 60fig. 40/xg. lOOgg. XOO^tg. 100/ig. 61;xg. 6gg. 0*1 ml. 0-01 ml. 0*001 ml. 

gl. COa/o min. 18 54 53 21 15 22 23 43 38 19 51 48 30 







riboflavin. The results (Table 6) show that adenylic 
acid and the thiamin derivatives are totally in- 
active, while cozymase and riboflavin exhibit sub- 
maximal activity; the diaphorase preparation on 
the other hand is maximally active at a concentra- 
tion of 0*0033 ml./ml. (about 0*07 jug. riboflavin/ml.). 
It is probable that the activity of riboflavin and of 
the cozymase preparation is due to an impurity, 
since even large amoiuats of these substances do not 
show maximum activity. 

The active diaphorase preparation was originally 
about 90% pure. There were therefore five possi- 
bilities, that the active substance was (a) diaphorase 
itself, (6) the prosthetic group of diaphorase, ribo- 
flavin adenine dinucleotide, (c) riboflavin phos- 
phate, (d) riboflavin, and (e) an impurity in the 
diaphorase preparation. In view of the small 
amoimt of the diaphorase preparation required for 
maximum activity the last possibility did not seem 
likely, although it has not y^et been excluded, while 

Table 7 . Effect of boiling and of hydrolysis by acid and 
alkali on the activity of the diaphorase preparation 

The manometers contained the equivalent of 0:1 ml. of 
the diaphorase preparation; the other contents were as 


described in Table 6. 

Heated 

Heated 
at 96° 
for 

Boiled 

for 


at 100° 

60 min. 

J min. Control, 

Treatment of 

for 

in A/20 

in A/10 no dia- 

diaphorase . . . None 

5 min. 

HCl 

NaOH phorase 

fil. CO 2/5 min. 52 

50 

46 

36 18 


complete these experiments at the present time, 
but it seems possible that riboflavin phosphate is 
actually the coenzyme ; the effect of hy’-drolysis 
with alkali is evidence in support of this idea. 

SUMMARY 

1. The purification and properties of acetoacetic 
acid decarboxylase of Gl, acetobutylicum have been 
described. 

2. The purified enzyme is quite stable at ordinary 
temperatures; it is optimally active at pH 5*0 and 
is specific for acetoacetic acid. 

3. In dilute solution the enzyme is dissociated 
but it has not been possible to separate the com- 
ponent parts. 

4. The dissociation can be prevented by a pre- 
paration of diaphorase at a concentration equi- 
valent to 0*07 jug. riboflavin/ml. Riboflavin is in- 
active. Mild acid hydrolysis (A 72 O HCl for 60 min. 
at 96°) does not affect this activity of the dia- 
phorase preparation. 

5. It is tentatively’’ suggested that riboflavin phos- 
phate may be the prosthetic group of the enzyme. 
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The Influence of Dietary Fat of Varying Unsaturation 
on the Component Acids of Cow Milk Fats 

By T. P. JLlTiDYBCH., Department of Industrial Chemistry, Unwersity of Liverpool, and 
H. JASPERSON, Research Department, Messrs J. Bihhy and Sons, Ltd., Liverpool 

{Received 12 December 1942) 


In feeding trials in which the basal ration of a group 
of dairy cows was supplemented by 1 Ib./day of' 
various fatty oils, BroT^ni, Dustman & Weakley 
[1941] observed that the iodine value (i.v.) of the 
milk fat was altered in different ways by different 
fats, a feeding period of about 3 weeks being neces- 
sary before the extent of the change in i.v. reached 
its maximum. Coconut oil caused a slight reduction 
of 4 or 5 units in the i.v. of the milk fat, both crude 
and refined soya bean oil (i.v. ca. 127) increased it 
greatly (by over 50 %), and hydrogenated soya bean 
oil (i.v. 17) increased it slightly (by about *5 or 
6 units), as well as having a pronounced laxative 
action on the cows. These authors ascribed the 
slight increase in the unsaturation caused by feeding 
the hydrogenated oil to desaturation of the fat in 
the ration, an assumption for which there seems to 
be no evidence. 

Similar alterations in the unsaturation of cow 
milk fats (as indicated by theic i.v.’s alone), which 
result from administration of specific fats in the 
diet, have been published. Thus, Holland & Buckley 
[1918; 1923] who fed cows on a basal ration, and 
on the basal ration supplemented by f lb. daily of 
coconut, groundnut, maize or soya bean oils, ob- 
served a slight fall in i.v. with the coconut oil diet, 
but marked increases (35-45%) with the three 
liquid fats. Again, Hill & Palmer [1938] foimd that 
the inclusion of maize, cottonseed or linseed oils in 
the diet increased the i.v.’s, and slightly diminished 
the Reichert-Meissl values of the correspondingmilk 
fats; tallow slightly increased the milk fat i.v., 
while butter slightly decreased it, and coconut oil 
decreased it by 4 or 5 units 1 Such observations 
clearly only measure changes in the mean unsatura- 
tion of the milk fats, and do not indicate which of 


the component acids has significantly altered in 
amoimt. Thus, whilst oleic acid is the chief un- 
saturated. acid, at least six others may be present 
in small proportions in cow milk fat, together with 
nine saturated acids (of which palmitic acid is the 
chief, though there are appreciable amounts of 
butyric, myristic and stearic acids). For a clear 
picture of milk-fat componeiit acids a detailed 
analysis of the proportions of each acid is necessary. 
Few detailed examinations have been made of 
the effect of supplementary fats in the cow’s diet. 
Hilditch & Sleightholme [1930] examined milk fats 
from cows receiving coconut cake or soya bean cake 
in addition to their normal winter ration ; the daily 
ration of cake (7 lb. coconut, 5 lb. soya bean) could 
not have contained more (and possibly much less) 
than 6-7 oz. of fatty oil. The milk fat from cows 
receiving coconut cake contained less oleic and 
more lauric and myristic acids than normal, whilst 
that from animals receiving soya bean cake had 
somewhat less oleic but the normal amount of 
octadecadienoic acid, and was otherwise similar to 
the control milk fats. Hilditch & Thompson [1936] 
observed similar effects when 4 oz. of linseed, rape 
or cod-liver oil were added to the daily basal ration 
of cows. With linseed or rape oils, the component 
acids differed little, but the proportion of palmitic 
acid was reduced and that of oleic somewhat in- 
creased; with linseed oil, no linolenic acid was 
present, but the proportion (5-9 % by wt.) of octa- 
decadienoic acids was higher than usual (ca. 3 %), 
whilst with rape oil the octadecadienoic acids were 
normal (3*3 %) but there was a similar amount of 
erucic acid. With cod-liver oil the results were more 
striking: the milk fat here contained an unusually 
large amount (5*8 %) of highly unsaturated acids 
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of the C20 ^22 series, its content of oleic acid 

wsis imicli higher, and the typical lower saturated 
acids of cow milk fat (notably bidy’ric andhexanoic) 
were reduced by half. On the h 3 rpo thesis that milk 
fat is produced in the mammary gland from blood 
glycerides by conversion of some of the oleo- 
glycerides to butyro- and other glycerides by an 
oxidation -reduction system, the results observed 
with cod -liver oil might be due to partial suppres- 
sion of the normal metabolic processes whereby the 
mammary gland converts blood glycerides into milk 
glycerides, owing to absorption of some of the highly 
unsaturated fish oil glycerides. 

Smith & Dastur [1938] showed that a similar 
reduction in the amoimts of lower saturated acids 
(from butyric to myristic) and in tetra- and hexa- 
decenoic acids, wdth a large increase in the propor- 
tion of oleic acid, occurred in milk fat from cows 
maintained at a very low dietary level, the effect 
of fasting being apparently to upset the normal 
metabolic processes of milk fat production. 

A series of experiments somewhat similar to those 
of Browm et al. [1941] was, therefore, made in order 
to review the effect of supplementing a basal diet 
with fats at different levels of imsaturation, and, 
also, to ascertain w’^hether desaturation of saturated 
ingested fats occurs as postulated by these workers. 
Hence, groups of cows were fed on a basal ration 
either alone or supplemented by refined groundnut 
oil (i.v. 88), hydrogenated groundnut oil (i.v, 45 
and i.v. 17), or palm-kernel oil (i.v. 17). Thus the 
fatty oil supplements were (1) a natural fatty oil 
rich in oleic and linoleic acids (about 55 and 20% 
of the total fatty acids respectively), (2) a hydro- 
genated oil of a similar degree of mean unsaturation 
to that of a soft butterfat, (3) a much more satu- 
rated hydrogenated groundnut oil; and, for com- 
parison with the latter, (4) a natiual vegetable fat 
(palm-kernel oil) of the same mean unsaturation 
but entirely different fatty oil composition, con- 
sistency and melting-point. 

METHODS 

The 15 Ayrshire heifers used had calved in Dec. 
1941 and Jan. 1942 and belonged to Messrs J. Bibby 
and Sons, Ltd., Home Farm, Puddington, Wirral, 
where the experimental feeding, milk collection, 
and butter -making were carried out in February 
and March of 1942 under the supervision of Mr 
A. H. Blissett. The cows, which were at approxi- 
mately the same stage of lactation, were divided 
into five groups of three, and were fed as follows : 

Group I. Basal diet: 21 lb. mediiun hay, 141b. 
swedes, 6 lb. oats and 2 lb. groundnut meal per 
day. 

Group II, Basal diet plus 8 02 . refined groundnut 
oil (i.v. 88) daily. 
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Group III. Baaal diet plus 8 oz. hydrogenated 
groundnut oil (i.v. 45) daily. 

Group IV. Basal diet plus 8 02 . hydrogenated 
groundnut oil (i.v. 17) daily. 

Group y. Basal diet plus 8 oz. refi.ned palm- 
kernel oil (i.v. 17) daily. 

Only half the fat ration used by Brown et al. 
[1941] w^as given in order if possible to avoid undue 
laxative action. Very slight laxative action was 
observed only in group IV ; the other groups were 
normal throughout the experimental period of 
about 35 days. During the first 3 days the oil 
supplements were increased gradually till the full 
daily ration of 8 oz. was being given. The i.v.’s of the 
milk fats were observed at intervals of a few days : 
during the first 2~3 weeks the values were variable 
but thereafter became more constant and, after the 
34th day, 2 days’ supply of milk vvis collected and 
converted into butter for detailed analysis. There 
was no significant alteration in the milk yields, nor 
in the proportions of fat and non-fat solids in the 
milk, in any of the groups duiing the period of the 
experiment. The general analytical characteristics 
of the milk fats from these butters are given in 
Table 1. 


Table 1. General analytical characteristics 
of milh fats 


Group ... 

I 

II 

III 

IV 

,y 

Fat supplement^ 


G.N.O. 

H.G.N.O. 

H.G.N.O. 

P.K.O. 

Control 

(i.v. 88) 

(i.v. 45) 

(i,v. 17) 

(Lv. 17) 

Iodine value 

39-2 

43-8 

43-3 

38-8 

38-0 

Reichert-Meissl 

value 

30-0 

23-4 

23-6 

28*2 

25-0 

Polenske value 

1*5 

0-9 

1-0 

1-5 

1-6 

Karschner value 

23-5 

19-4 

19-0 

23-1 

21-6 

Sap. equiv. 

248-0 

258-8 

259-8 

251-7 

260-5 


Alterations in milk fat i.v. following the inclusion 
of the fatty supplements in the diet were less marked 
than in.some of the earlier investigations, including 
those of Brown et al. [1941]. This may be partly 
due to the smaller amount of fat given, which was 
only half of that used by Brown et al., but is prob- 
ably due to the fact that the i.v. of the milk fat of 
cows fed on the basal diet alone was much higher 
than in these other studies. Nevertheless, the i.v.’s 
of milk fats from cows receiving either refined 
groundnut oil or hydrogenated groundnut oil (i.v. 
45) were definitely higher than that of the control, 
while the i.v. of milk fat from cows receiving palm- 
kerhel oil was slightly lower than that of the control. 
There was no significant difference between the i.v. 
of the milk fat of cows which had received the 
hydrogenated groundnut oil (i.v. 17) and that of 
the control. 

The component acids in the five milk fats were 
determined by separation and ester -fractionation 
as described by Hilditch & Jasperson [1941], the 
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acids from 400 g. of eaeli specimen being used 

for analysis (Table 2). 

The percentages (wt. and mol.) of the component 
acids of the five milk fats are arranged for com- 
parison in Table 3 (p. 241). 

Table 2. Component acids of cow milk fats 


Non-steam- 
volatile * 
Steam- ^ 



volatile 

acids 

‘SoHd’ 

acids 

‘Liquid’ 

acids 

Total 

0/ 

/o 

wt. 

o/ 

/o 

mol. 

Group I, Cows fed on basal diet only 
“o of total fat ... (7-2) (42*4) (50-4) 

Butyric 3-94 — — 3*94 

4-0 

10-5 

Hexanoic 

2-27 

_ . 

■ 

2-27 

2-3 

4-6 

Octanoic 

0*66 

— 

0-16 

0-82 

0-8 

1-3 

Decanoic 

0-18 

— 

1-76 

1-94 

1-9 

2-7 

Laurie 

— 

0-13 

2-06 

2-19 

2-2 

2-6 

MjTistic 

— 

4*89 

4-43 

9-32 

9-3 

9-6 

Palmitic 

— 

21-77 

3-62 

25-39 

25-5 

23-4 

Stearin 

— ' 

11-76 

■ — 

11-76 

11-8 

9-7 

As arachidic 

, — 

0-83 

— 

0-83 

0-8 

0-6 

Decenoic 

— 

: 

0-19 

0-19 

0-2 

0-3 

Dodecenoic 

— 

— 

0-21 

0-21 

0-2 

0-2 

Tetradecenoic 

— 

0-04 

0-88 

0-92 

0-9 

1-0 

Hexadecenoic 

— 

0-47 

1-81 

2-28 

2-3 

2-1 

Oleic 

0-15 

2-49 

31-56 

34-20 

34-3 

28-6 

Octadecadienoic 

— 

< — 

2-13 

2-13 

2-1 

1-8 

Unsatd. C2o_22 
Unsaponifiable 

— 

— 

1-38 

1-38 

1-4 

1-0 

— 

0-02 

0-21 

0-23 

— 

— 

Group II. Cows fed on basal diet -i-8 oz. of 


% of total fat ... 
Butyric 

groundnut oil (i.v. 88) daily 
(5-3) (42-4) (52*3) 

2-93 __ _ 2«93 

2-9 

8-2 

Hexanoic 

1*49 

. — 

— 

1-49 

1-5 

3-2 

Octanoic 

0-38 

— 

0-08 

0-46 

0-5 

0-8 

Decanoic . 

0*37 

— 

0-98 

1-35 

1-4 

1-9 

Laurie 

— 

0-10 

1-63 

1-73 

1-7 

2-1 

Myristic 

— 

2-91 

4-37 

7-28 

7-3 

7-9 

Palmitic 

— 

21-20 

2-47 

28-67 

23-8 

22-8 

Stearic 

— 

12-61 

— 

12-61 

12-7 

10-9 

As arachidic 


1-22 

— 

1-22 

1-2 

1-0 

Deceiioic 

— 

— 

0-10 

0-10 

0-1 

0-1 

Dodecenoic 



0-15 

0-15 

0-2 

0-2 

Tetradecenoic 

, — 

0-03 

0-70 

0-73 

0-7 

0-8 

Hexadecenoic 

— ■■ 

0-61 

1-54 

2-15 

2-1 

2-1 

Oleic 

0*13 

3-66 

36-64 

40-43 

40-6 

35-2 

Octadecadienoic 

— 

— 

1-82 

1-82 

1-8 

1-6 

Unsatd. 

— 

— 

1-53 

1-53 

1-5 

1-2 

Unsaponifiable 

— 

0-06 

0-29 

0*35 

— 

i— - 


Group III. Cov*s fed on basal diet +8 oz. of hydrogenated 
groimdnut oil (i.v. 45) daily 


% of total fat ... 

(5-3) 

(43-9) • 

(50-8) 




Butyric 

2-72 


— 

2-72 ■ 

2-7 

7-6 

Hexanoic 

1-54 


— . ■* 

1-54 

1-5 

3-3 

Octanoic 

0-40 


0-15 

0-55 

0-6 

0-9 

Decanoic 

0-51 

■■ ■ 

0-97 

1-48 

1-5 

2-1 

Laurie 

, — . ' ' 

0-35 

1-61 

1-96 

2-0 

2-4 

Myristic 

— 

2-76 

3-38 

6-14 

6-2 

6:7 

Palmitic 

— 

18-89 

2-87 

21-76 

21-8 

21-0 

Stearic 

— " 

16-53 

— , ■ ' 

16-53 

16-6 

14-4 

As arachidic 

; 

1-04 

— 

1-04 

1-0 

0-8 

Decenoic 

— 

, — ' 

0-09 

0-09 

O-I 

0-1 

Dodecenoic 

— 

0-01 

0-17 

0-18 

0-2 

0-2 

Tetradecenoic 

— r. 

0-03 

0-55 

0-58 

0-6 

0-6 

Hexadecenoic 


0-66 

1-59 

2-25 

2-3 

2-2 

Gieie 

0-13 

3-60 

35-26 

38-99 

39-0 

34-4 

Octadecadienoic 

— ■ 

, — " 

3-28 

3*28 

3-3 

2-9 

Unsatd. 020-22 


. — ■ 

0-59 

0-59 

0-6 

0-4 

Unsaponifiable 


0-03 

0-29 

0-32 

■, — 



Table 2 {cont,) 

Non-steam- 

volatile 

Steam- V— v 

volatile ‘Solid’ ‘Liquid’ % % 

acids acids acids Total wt, mol 


Group IV. Cows fed on basal diet 4-8 oz. Of hydrogenated 
gi’oundnut oil (i.v. 17) daily 


% of total fat ... 
Butyric 

(6-9) 

3-60 

(43-7) 

(49-4) 

3-60 

3-6 

9-8 

Hexanoic 

2-08 

— 

— 

2-08 

2-1 

4.3 

Octanoic 

1-00 

— ' 

0-16 

1-16 

1-2 

1-9 

Decanoic 

0-04 

— 

1-48 

1*52 

1-5 

2-1 

Laurie 

— 

0-12 

1-78 

1-90 

1-9 

2-3 

Myristic 

— 

4-13 

4-04 

8-17 

8-2 

' 8-5 

Palmitic 

— 

21-15 

3-65 

24-80 

24-9 

23-2 

Stearic 

— 

13-79 

; 

13-79 

13-8 

11-6 

As arachidic 

— 

1-21 

— 

1-21 

1-2 

0-9 

Decenoic 

— 

— 

0-13 

0-13 

0-1 

0-2 

Dodecenoic 

. — 

— 

0-15 

0-15 

0-2 

0*2 

Tetradecenoic 

— 

0-04 

0*73 

0-77 

0-8 

0-8 

Hexadecenoic 

__ 

0-41 

1-09 

1-50 

1-5 

14 

Oleic 

0-18 

2-83 

32-50 

35-51 

35-6 

30-0 

Octadecadienoic 

— 

— 

1-73 

1-73 

1-7 

1-5 

Unsatd. 020-22 
Unsaponifiable 

— 

— 

1-70 

1-70 

1-7 

1-3 

— 

0-02 

0-26 

0-28 

— 



Group V. Cows fed on basal diet 4-8 oz. of 
palm- kernel oil (i.v. 17) daily 


% of total fat ... 
Butyiic 

(6-1) 

3-19 

( 42-2) 

(51-7) 

3-19 

3-2 

8-6 

Hexanoic 

1-67 

— 

— 

1-67 

1-7 

3-4 

Octanoic 

1-00 

— 

0*14 

1-14 

.1-2 

1-9 

Decanoic 

0-08 

— 

1-24 

1-32 

1-3 

1-8 

Laurie 

— 

0-50 

5-47 

5-97 

6-0 

7-1 

Myristic 

— 

6-11 

4-76 

10-87 

10-9 

11*3 

Palmitic 

— 

19-26 

2-87 

22-13 . 

22-2 

20-6 

Stearic 

— 

11-97 

— 

11-97 

12-0 

10-0 

As arachidic 

— 

1*10 

— 

> 1-10 

1-1 

0-8 

Decenoic 

— 

— 

0-13 

0-13 

0-1 

0-2 

Dodecenoic 

— 

0-01 

0-43 

0-44 

0-4 

0-5 

Tetradecenoic 

— 

0-04 

1-00 

1-04 

1-0'' 

1-1 

Hexadecenoic 

— 

0*27 

2-04 

2-31 

2-3 

2-2 

Oleic 

0-16 

2-86 

30*29 

33-31 

33*5 

28-1 

Octadecadienoic 

— 

— 

1-15 

1-15 

1-2 

1-0 

Unsatd. O20— 22 

— 

— 

1-83 

1*83 

1-9 

1*4 

Unsaponifiable 

— 

0-08 

0-35 

0-43 


— 


DISCUSSION 

The mean unsaturation of the five milk fats, as 
indicated by their i.v.’s (Table 1), shows parallelism, 
but not quantitative agreement, with their contents 
of oleic acid as determined in the ester-fractionation 
analyses. Similarly, the almost identical Reichert- 
Meissl and Kirschner values of milk fats I and IV, 
and also of milk fats II and III, are reflected in the 
contents of the lower saturated acids in these two 
pairs of milk fats as revealed by the detailed 
analyses. The data (Table 3) show that ingestion 
of groundnut oil, a fat richer in oleic glycerides than 
milk fat, is followed by a significant increase in 
oleic acid in the milk fat (group II), a slight fall in 
palmitic and a large fall in butyric -decanoic acids. 
On the other hand, though groimdnut pil contains 
about 20 % linoleic acid, the content of octade- 
cadienoic acid is not appreciably altered; nor have 
the arachidic, behenic or lignoceric acids (about 
6% of the groimdnut oil), passed into the milk fat. 
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Table 3. Component, acids of the five milk fats 


Group 

I , 

,11 

III 

IV 

V 

Dietary fat 
supplement ... 

Nil 

G.N.O. 
(i.v 88) 

H.G.N.O. 
(i.v. 45) 

H.G.N.O. 
(i.v. 17) 

P.K.O. 
(i.v. 17) 

Acid 
Butyric ^ 

Weight percentages 

4*0 2-9 2d 

3*6 

" 3*2 

Hexaiioie 

2*3 

1-5 

1*5 

2*1 

1*7 

Octaiioic 

0-8 

O-o 

0-6 

1-2 

1*2 

Decanoic 

1-9 

1-4 

1*5 

1*5 

1*3 

Lauric 

2-2 

1*7 

2-G 

1*9 

6-0 

Myristic 

9-3 

7*3 

6-2 

8*2 

10*9 

Palmitic 

25*5 

23-8 

21*8 

24*9 

22*2 

Stearic 

11-8 

12*7 

16*6 

13*8 

12*0 

As,, .arachidic 

0*8 

1-2 

DO 

1*2 

1*1 

Decenoic _ 

0*2 

0*1 

0*1 

0*1 

0-1 

Dodecenoic 

0-2 

0*2 

0*2 

0*2 

0*4 

Tetradecenoic 

0*9 

0*7 

0*6 

0*8 

1*0 

Hexadecenoic 

2*3 

2*1 

2*3 

1*5 

2*3 

Oleic 

34*3 

40-6 

39*0 

35*6 

33*5 

Octadecadienoic 

2*1 

1*8 

3*3 

1*7 

1*2 

Unsatd. Ggo-aa 

1*4 

1*5 

0-6 

1*7 

1*9 

Butyric 

10*5 

Molar percentages 

8*2 7*6 

9-8 

8*6 

Hexanoic 

4*6 

3*2 

3*3 

4*3 

3*4 

Octanoic 

1-3 

0-8 

0*9 

1*9 

1*9 

Decanoic 

2*7 

1*9 

2-1 

2*1 

1*8 

Lauric 

2*6 

" 2*1 

2*4 

2*3 

7*1 

Myristic 

9*6 

7*9 

6-7 

8*5 

11*3 

Palmitic 

23-4 

22*8 

21-0 

23*2 

. 20*6 

Stearic 

9*7 

10*9 

14*4 

11*6 

10-0 

As arachidic 

0*6 

1*0 

0*8 

0*9 

0*8 

Decenoic 

0*3 

0*1 

0*1 

0*2 

0*2 

Dodecenoic 

0*2 

0*2 

0*2 

0-2 

0*5 

Tetradecenoic 

1*0 

0*8 

0*6 

0*8 

1*1 

Hexadecenoic 

2*1 

2*1 

2*2 

1*4 

2*2 

Oleic 

28*6 

35*2 

34*4 

30*0 

28*1 

Octadecadienoic 

1*8 

1*6 

2*9 

1*5 

1*0 

Unsatd. C 20-22 

1*0 

1*2 

0-4 

1*3 

1*4 


It has now been established [Graham, Jones & Kay, 
1936; Maynard, McCay, Ellis, Hodson & Davis, 
1938; Shaw & Petersen, 1938; Shaw, 1939] that 
milk glycerides are produced from glycerides in the 
blood which passes through the mammary gland; 
this complicates the interpretation of results, since 
the introduction of fatty acids, or modified fatty 
acids, from the ingested fats must be considered in 
terms of the mixed glycerides of the butter and 
not merely as individual fatty acids. 20-30% of 
grormdnut oil probably consists of glycerides in 
which, however, linoleic, arachidic and higher acids 
are not present [Hilditch & Meara, 1942]; they, 
are palmitodiolein, stearodiolein or triolein. The 
effect on the milk fat of feeding groundnut oil 
might be due to admixture of some or all of these 
glycerides with normal .milk fat, and also to inter- 
ference with the mammary gland, whereby the pro- 
duction of the lower saturated glycerides normal 
to milk fat is restricted. 

In group III the supplementary fat was groimd- 
nut oil which had been hydrogenated to give an 
i.v. of 45*5, i.e. approximately that of butterfat. 
It contained, however, about 52% of oleic (and 
/so-oleic) acids and about 33 % of stearic acid ; of the 
glycerides about 10% were completely saturated, 
65% were monosaturated dioleins (or -oleins) 
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■and-25%.mom>oleo- (or iso-oleo-) disatui'ated gly- 
cerides. The effect on the milk fat of feeding this is 
broadly similar to that of groundnut oil itself, i.e. 
increase in oleic acid content, further diminution 
in palmitic acid and diminution in butyric -decanoic 
acids. The ■ increase in the stearic acid content is 
.consistent with the larger amoiuit of this acid (as 
oleo-stearo -glycerides) in the hydrogenated oil. 

Both, ui' group II and group III ingestion of fat' 
containing more combined oleic (or is*o-oleic) acid 
than normal butterfat increased the oleic acid con- 
tents of the resulting milk fats. The similarity in 
the content of oleic acid in milk fats II and III 
may perhaps be duo to the fact that the oleic 
-oleic) acid content of groundnut oil and 
hydrogenated groimdnut oil (i.v. 45) are similar 
(52-56%). This selective absorption of oleic (as 
distinct from linoleic) acid by the mammary gland 
may explain why [Cranfield, 1916] cows fed with 
groundnut cake give softer butters than those fed 
with cottonseed cake, although the i.v. of cotton- 
seed oil is higher than that of groundnut oil, 
the reason being that the unsaturated acids of 
groundnut oil consist of 55 % oleic and 20-25 % of 
linoleic acid, whilst in those of cottonseed oil the 
proportion is almost reversed (about 30% of oleic 
and 45-50 % of linoleic acid). 

Palm-kernel oil which was fed to group V con- 
tains about 45% of combined lauric and 15-20% 
combined myristic acids, with smaller amounts of 
other saturated acids and a comparatively small 
amount of oleic acid (about 15%); of a complex 
mixture of mixed glycerides, diiauromyristin and 
laurodimyxistin are the most prominent. The chief 
effects on the milk fat of feeding palm-kernel oil are 
a slight fall in oleic, butyric and palmitic acids, a 
threefold increase of lauric acid and a 20 %.. increase 
of myristic acid. This suggests that milk fat of the 
normal type preponderates but is modified by ad- 
mixture with a small amount of certain of the palm- 
kernel oil glycerides, mainly lauromyristins. Hil- 
ditch & Sleightholme [1930] observed a similar 
effect as the result of feeding cows with coconut 
cake. This is interesting chiefly because it shows 
that two fats of the same i.v. (palm-kernel oil and 
hydrogenated groundnut oil, i.v. 17) may lead to 
milk fats in which the detailed fatty acid compo- 
sitions reveal quite different mechanisms of pro- 
duction. 

The milk fats from cows of group IV, in which 
the hydrogenated groundnut oil of i.v. 17 supple- 
mented the basal diet, have a fatty acid composition 
which more closely resembles that of the control 
milk fat than any of the preceding groups ; the oleic 
acid is slightly increased (as in the work of Brown 
et aL [1941], when twice our amount of the highly 
hydrogenated fat was fed); the palmitic acid and 
the lower saturated acids are almost unchanged 
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(within the range of experimental error), and there 
is a definite increase in stearic acid. We can explain 
this as foiiow^s. About 50 % of the glycerides of hy- 
drogenated groundnut oil (i.v. 17) are completely 
saturated (tristearin, palmito-, arachido-, etc,, di- 
stearins), the remaining 50% being mono-oleo- 
disatiirated glycerides (oleodistearin, oleopalmito- 
stearin, oleostearoarachidin, etc.). The fully satu- 
rated triglycerides, m.p. 65-70° and above, will not 
occur in the liquid phase in the cow’s digestive tract 
imless held in solution by the mono -oleo -glycerides 
which are liquid at the body temperature of the 
cow, Arnschlick [1889] and Bloor [1914] showed 
that. 90 % of tristearin, if fed to animals, is excreted 
imchanged, whilst Langworthy [1923] observed 
that assimilation of hydrogenated groundnut oils 
falls off rapidly when their melting-point exceeds 
50°, With our hydrogenated groundnut oil, m.p. 58°, 
the bulk of the completely saturated glycerides 
would therefore not pass into the blood stream, and 
what did do so would be mono-oleo-disaturated 
glycerides of which oleodistearin would be a main 
component. Any alteration in milk fat due to this 
fat supplement would therefore be smaller than 
those associated with the softer groundnut oils fed 
to groups II and III. Also, since the dioleo -gly- 
cerides (and triolein) of the softer groundnut oils 
are absent from the hydrogenated oil (i.v, 17), 
which contains instead mono -oleo- (and iso-oleo-) 
glycerides (rich in oleodistearin), the slight increases 
in oleic acid and stearic acid (see Table 3) in the 
milk fats of group IV are consistent with absorption 
from the blood of minor quantities of glycerides 
such as oleodistearin. 

Variation in the component acids of milk fats 
following ingestion of supplementary dietary fats 
of different degrees of unsaturation can be inter- 
preted by taking into consideration (i) the limits of 
assimilation of high melting (fully saturated) com- 
ponents, (ii) the proportions of dioleo- and of mono- 
oleo -glycerides in the supplementary fat, (iii) the 
relatively small conversion of linoleo -glycerides and 
certain other acylglycerides into cow milk fats, and 
(iv) the experimentally justified postulate that milk 
glycerides are derived from blood glycerides in the 
mammary gland. It is unnecessary to presuppose 
that a desaturation of stearic to oleic glycerides is 
responsible for these changes. 

The general trend of the present results is perhaps 
still more clearly discerned from the molar per- 
centages of component acids included in Table 3. 
In the control fat I the molar content of palmitic 
acid is 23*4 % and of oleic acid 28*6 % . Groundnut 
oil (fed to group II) contains palmito -diolein which 
has 66*7 % (mol.) of oleic acid among its component 
acids, and in the milk fat of group II the oleic acid 
has increased by 6*6% (mol.) as compared with 
group I though there is no significant alteration in 
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the molar content of palmitic acid. The hydro- 
genated groundnut oil of i.v. 45, used in group III, 
consists of about 65% of dioleo -glycerides (with 
66*7 % (mol.) oleic acid) and about 25% of mono- 
oleo- (and iso-oleo-) glycerides (with 33*3% (mol.) 
oleic acid); the dioleo -glycerides include stearo- as 
well as palmito-diolein, and possibly some oleo- 
distearin as well as oleopalmitostearin, owing to 
hydrogenation. The milk fat of group III shows, 
correspondingly, a smaller increase than group II 
in oleic acid (5*8% mol.) as compared with the 
control, while the molar content of palmitic acid is 
decreased by 2*4% (mol.) and that of stearic acid 
is increased by 4*7% (mol.). The unsaturated 
glycerides in the more completely hydrogenated 
groundnut oil (i.v. 17) used in group IV are wholly 
of the mono-oleo- (or iso-oleo-) type and there is a 
correspondingly smaller increase (1*4 % mol.) in the 
milk-fat oleic acid as compared with the control, 
and a similar slight increase (1*9 % mol.) in that of 
stearic acid. Finally, in group V, with palm-kernel 
oil, the predominating lauromyristins of the dietary 
fat have been transferred to some extent to the 
milk fat, leading to a slight reduction in the oleic 
acid and a definite reduction (2*8% mol.) in the 
palmitic acid content. 

SUMMARY 

1. Cow^s have been fed on a basal diet and, on a 
basal diet supplemented by {a) groundnut oil, 
(b) groundnut oil hydrogenated to about the same 
i.v. as a soft butterfat, (c) groundnut oil hydro- 
genated to i.v. 17, and (d) palm-kernel oil, also of 
i.v. 17. The milk fats from the five groups have 
been analysed by ester-fractionation and the pro- 
portions of their component acids determined. 

2. Ingestion of groundnut oil and of hydro- 
genated groundnut oil of i.v. 45, both of which 
contained considerably more oleic acid than the 
control milk fat, led to increased amounts of oleo- 
glycerides in the resultant milk fats and some 
diminution of the butyric -decanoic glycerides. In 
the case of the hydrogenated groundnut oil there 
was also an increase in the stearo -glycerides. In- 
gestion of palm-kernel oil increased the proportions 
of lauro- and myristo -glycerides, and slightly dim- 
inished both the palmito -glycerides and the oleo- 
glycerides of the resulting milk fat. 

3. Ingestion of the more completely hydro- 
genated groundnut oil of i.v. 17 gave a milk fat 
almost identical with the control milk fat except 
for slightly increased proportions of oleic and stearic 
acids. This is consistent with the likelihood that 
this fat, about 50 % of which was completely 
saturated tristearin or acyldistearins melting at 
65-70° or above, would be relatively unassimilable, 
and that those glycerides which passed into the 
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blood stream wouid be exclusively mono-oleo- ■ (or 
iso-oleo-) glycerides, amongst wMcii oieo- (or iso- 
oleo-) distearin would be prominent. There is no 
evidence in this work that any desaturation of 
stearo -glycerides occurs during the transformation 
of hydrogenated grounrlnut oil to glycerides in the 
milk of the cow. 
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' We are indebted to Mr A. H. Biissett for his assistance 
in the dietary trials and in the collection of the milk speci- 
mens, as well as for access to his records of milk yields, 
etc., of the individual cows; to Mr F. Burke and Miss E. H. 
Harrop for their assistance in the analysis of the fats and 
ester-fractions; and to the Directors of Messrs J. Bibby and 
Sons, Ltd., for permission to publish the results of this 
investigation. 
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Sclerotiose — a Polysaccharide Metabolic Product of 
Penicillium Sclerotiorum van Beyma 

By V. J. ALBERICCI, T. P, CURTIN and D- BiElLiLY, From the National University of Ireland 

(University College^ Cork) 

[Received 22 December 1942) 

During work on the metabolism of Penicillium of growth on acid Czapek-Dox medium contained 
sclerotiorum, disappearance of the carbohydrate no reducing carbohydrate. This, coupled with the 
constituent of the acid Czapek-Dox and other media fact that elimination of glucose caused no per- 
employed was observed [Curtin <& Reilly, 1940; manent drop in the pH value, suggested production 
Reilly & Curtin, 1943], This, it was suggested, was by the mould of an insoluble glucose complex, 
probably the most important factor in the metabolic The mycelium was therefore extracted with 

process. Had the disappearance of the carbohydrate boiling water and the flocculent precipitate which 
been accompanied by a rapid and permanent de- appeared on cooling w^as found to be a polyglucose, 
crease in the pH, the production of an acid in the of specific rotation = -f 244 to + 284, and for 
substrate would have been indicated. It was in- which we suggest the name 'sclerotiose'. In pro- 
variably found, however, in batches grown on a perties, it -proved to be similar to other polysac- 
niimber of different media, that though a drop in eharides isolated from the lower fimgi, being soluble 
pH occurred initially, the pH of the fully grown only in hot water, giving no colour wdth iodine, and 
substrate reverted towards neutrality. That there dissolving only to a slight extent in dilute NaOH, 
was no connexion between these variations in pH thus resembling mycodextran from F. expansum 
and [a) the initial pH of the medium or (b) the [Dox & Niedig, 1914], the polysaccharides from 
production of sclerotiorine by the mould, was proved P. digitatum and Fumago vagens [Birkinshaw, 
by the fact that similar series of pH readings were Charles & Raistrick, 1931], and the polysaccharide 
obtained when the mould was incubated (1) on acid from P. javanicum [Ward, Lockwood, May & 
Czapek-Dox medium (pH 4*2) with the production Herrick, 1935] for which the specific rotations range 
of sclerotiorine, a,nd (2) on Raulin-Dierckx medium from a^= + 217 to -f 299. An examination has 
(pH 7*0) (when sclerotiorine is not produced). The been made of sclerotiose and of some of its deri- 
filtered substrate of the mould after a full period vatives. 
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:\IETHODS AND DISCUSSION 

Over a period of 24 days, 40 bottles, each containmg 100 ml. 
of substrate, were inoculated and grown as described earlier 
[Reilly & Cliotin. 1043]. At intervals of 3 days, three repre- 
sentative. cultures were filtesred, adjusted where necessary 
to a vol. of 300 ml., and examined by the polarimeter in 
a 20 cm. tube. These figures are given in Table 1. 

Table 1. hifiucncc of growtii of P. sclerotiorum 
on optical activity of acid Czap^-Dox medium 


Days of Polarimeter 
incubation reading 


Days of 
incubation 
9 

12 ., 

15-24 


Polarimeter 

reading 

+ 04 '=’ 

+ 0-U 
0 - 0 ^ 


A batch of cultures of P. sclerotiorum grown on ftaulin- 
Dierckx medium w’as then grown for a similar period of 
24 days, and pK readings taken as above for three repre- 
sentative cultures every 3 days. The figures are given in 
Table 2, 

Table 2. Influence of growth of T, sclerotiorum 
on pH of RauUn-Dierchx medium 


Days of 

incubation (colorimetric) 

0 7-0 

3 54 

6 4-2 

9 24 

12 2-6 


Days of pB. 

incubation (colorimetric) 

15 3*1 

18 3*6 

21 4*7 

24 5*1 


This table shows that the gradual drop in pB, followed 
by a rise towards neutrality, is not determined by the 
initial pB of the medium used. 

For the isolation of sclerotiose, the bulk of the mycelium 
was grown for 24 days at 25° on the acid Czapek-Dox 
■ medium (glucose, 50g.; KH^PO,, 1*0 g.; NaNOg, 2*0 g.; 
KCl, 0*5 g.; MgS04.7H20, 0*5 g.; FeS04.7H20, 0*01 g.; 
distilled water to 1000 ml.). It was also grown on certain 
modifications of this medium. 

The mycelium was repeatedly extracted with boiling 
water untU, on cooling, there was no further separation of 
flocculent material. The red aqueous extract was allowed 
to stand overnight, the supernatant ^liquid was then de- 
canted and the precipitate separated by centrifuging. The 
red-tinted slimy product was washed by suspending in 
2000 ml. distilled water and filtering through a double 
filter, on which had been deposited a uniform layer of 
HCi-extracted, calcined kieselguhr. It was then removed 
from the filter by eluting with boifing distilled water. The 
coloured solution was treated with norit-charcoal at 100° 
for J hr., the operation being repeated two or three times. 
The charcoal was finally removed by filtering through a 
silica plate. Sclerotiose now separated Aom the cooled 
liquid in a pure white flocculent mass. It was redissolved 
in fresh distilled water, allowed to settle and redissolved in 
fresh solvent, the procedure being repeated 10 to *15 times. 
The filtered product was washed with absolute ethanol, 
allowed to stand overnight in contact with the latter, and 
then washed with absolute ether and dried in a high vacuum. 
The pure, white, amorphous compound turned brow on 
heating above 260°, fused at 290-300°, and gave no residue 


on ignition. The yield of polysaccharide was 2*8-3*0 g./ lOO g. 
mycelium. (Found: 0, 40*4; H, 6*8; 0, by difference, 
52*8%'. (C6Hio05)n-(H20)^ requires C, 40-0; H, 6*7; 

0, 53*3%.) The molecule of water was removed by diying 
in vacuo over P2O5 at 90° for 2 hr. (Found: C, 44*1; H, 
6*26%. (CVHioOs)^ 

As already stated, the bulk of the mycelium extracted 
was grown on the acid Czapek-Dox medium. There were, 
however, some samples of mycelium, grown on modifica- 
tions of this substrate, in stock, and these were extracted 
in the same way. On neutral Czapek-Dox medium (in 
which K2HPO4 replaces KH2PO4) the yield of polysac- 
charide was 10*1 % of the extracted mycelium weight, and 
on the same medium, but w*ith KBr replacing KCl, the 
yield was 10*0%. On acid Czapek-Dox medium, from 
which KCl was omitted, the quantity of sclerotiose was 
the same as when KCl was present, i.e. 2*9% of the 
mycelium weight. With the E,auiin-Thom medium (glucose, 
50 g.; NH4 tartrate, 4*0 g.; K2CO3, 0-6g.; (NH4)2HP04, 
0*6 g.; (NH4)2S04, 0*25g.; MgCOg, 04g.; ZnS04.7H20, 
0*07 g.; FeS04. 7H2O, 0*07 g.; distilled water to 1500 ml.), 
the mould yielded 2*4% polysaccharide. On the Raulin- 
Dierckx substrate (glucose, 46*6 g.; (NH4)2S04, 0*16 g.; , 
K2CO3 , 0*4 g. ; (NH4)2 . HPO4 , 0*4 g. ; ZnS04 • 7H2O, 

0*04 g,; FeS04.7H20, 0*04g.; 66*7 ml. of a solution of 
0*71 g. tartaric acid and 0*4 g. MgCOs in 100 mi. distilled 
water, adjusting to 1000 ml), the yield was negligible. 
The contrast between the acid and neutral Czapek-Dox 
media in the production of sclerotiose finds a parallel in the 
different rates of KCl metabolism described in the recent 
communication of Reilly & Curtin [1943]. _ 

Properties of sclerotiose 

Sclerotiose is insoluble in all organic solvents and 
in cold water, but dissolves readily in bot water. 
It is slightly soluble in warm dilute NaOH, and in 
formamide solution. The solution in water gives no 
coloration with iodine and does not reduce Fehling’s 
solution on boiling. It gives Molisch’s carbohydrate 
reaction but does not precipitate lead acetate from 
solution. ' A boiling solution . of sclerotiose turns 
aniline-acetate-paper pink. With phloroglucinol, it 
gives a yellow coloration in the cold, which turns 
brown on boiling. The products of acid hydrolysis, 
after neutralization with NaOH, reduce both 
Fehling’s and Pavy’s solutions. On hydrolysing 
with dilute HCl, adding excess NaOH and heating, 
an aldose resin is formed. 

If the moist solid is dried without using ethanol 
and ether, a grey-black, homy mass is obtained 
which is insoluble in water, even on prolonged 
heating. On testing with Pavy’s solution, no hydro- 
lysis could be detected when! sclerotiose was treated 
with dilute NaOH at 70°. 

The specific rotation wasTound to be [p\j^ = -f 244 
at 70° in 6 % NaOH and [a]^=+284 at 90° in 
formamide. 

Hydrolysis of sclerotiose 

This polysaccharide was shown to be a poly- 
glucose as follows: Sclerotiose (1 g.) was refluxed 
with 25 ml. N H 2 SO 4 for 6 hr., 25 ml. N NaOH 
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were then added, together with 6 ml. phenylhydra- 
zine' and 3 ml. glacial acetic acid. The mixtnre was 
heated „ on the water-bath for 30 min. and the 
osazone ■which separated out in yellow needles was 
filtered off and recrystallized. It melted at 206^ 
when heated quickly, and when 0-2 g. was dissolved 
ill 4 ml. pya'idine and 6 ml. ethanol, the rotation 
was aj9= + T46. Neuburg [1899] states that for 
ghicosazone under similar conditions = +1*50. 

Further confirmation was obtained as follows : 
scierotiose (0*5 g.) was refluxed for 6 hr. with 25 ml. 
water and 25 ml. N H2SO4. The liquid was then 
titrated, with phenolphthalein as an indicator, with 
24*7 ml. ISf NaOH and the volume adjusted to 
100 ml. The glucose content was then estimated 
(1) polarimetrically, which gave 0*52 g.; (2) by the 
iodine method of Willstatter & Schudel [1918] as 
modified by Judd [1920], the result then being 
0*52 g. using the Baker & Houlton [1920] value of 
1 g. glucose equivalent to 1*41 g. iodine; (3) by 
means of Fehling’s solution when the value was 
0*50 g. 

' If we assume the first two results to be correct, 
the glucose produced from 0*5 g. of pure, dry, ash- 
free scierotiose is 0*52 g., the calculated figure being 
0*55 g. 

Nitration of scierotiose 

The method was that employed by Pictet & Reilly [1921] 
for the nitration of levulosan. Finely powdered poly- 
saccharide (1 part) was added gradually with vigorous 
stirring at room tem|)erature, and without appreciable rise, 
to 50 parts of a mixture of 3 parts by weight H2SO4 (sp. gr. 
1*84) and 1 part by weight HNO3 (sp. gr. 1-42); The mixture 
was allowed to stand overnight. The compound did not 
dissolve during the esterification process and showed little 
physical change. The nitrate was boiled for a short time 
with slightly acid water to decompose any small amount of 
sulphate formed, and was then washed with distilled water 
aiid finally dried in vacuo over concentrated H2SO4 when 
it gave a pure white solid, which became brown at 165° and 
decomposed at about 200°. (Found: C, 26*8; H, 3T; 
N, 11-9; 0, by difference, 57-8%. C24H3i0ii(N03)9 requires 
C, 27-2; H, 3; N, 11-9.) 

Properties of scierotiose nitrate. This nitrate is insoluble 
in boiling water, dflute acid and ethanol; it is soluble in 
acetone, amyl and ethyl acetates, and in nitrobenzene and 
is sparingly soluble in diacetone alcohol. Like nitrocellulose 
of the same percentage composition, it is completely soluble 
in a mixture of ether and ethanol. It is highly inflammable 
and gives no residue when ignited on copper foil. On slow 
evaporation of an acetone solution, the gelatinous product 
which separates first is followed by a slightly opaque cellu- 
loid-iike modification. When slowly heated to the decom- 
position point, the nitrate liberates oxides of nitrogen. The 
specific rotation in acetone solution is [a]2) = + 119. 

An attempt to form a higher nitrate, by the use of fuming 
HNO3, resulted in the production of scierotiose endecani- 
trate. As before, 1 g. of the polyglucose was added to a 
mixture of 25 ml. (sp. gr. 1’84) and 15 ml. fuming 

HNO3 (sp- 1*50), the nitrate being isolated and purified 
as above. (Found: N, 13*2%. C24H2909(N03)ii requires 
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■iSi, 13-5% .) It is similar in properties to the lower nitrate, 
but is sparingly soluble in a mixture of ethanol and ether. 
It decomposes at 132° with deflagration. 

Treating a molecular mixture . of the two nitrates with 
reducing agents, such as and HgS, removes the 

nitrate groups. The regenerated scierotiose so produced, is 
not, how'ever, absolutely pure, since it gives the diphenyl* 
amine test. 

Scierotiose diformate 

0-9 g, of the pure, dry polysaccharide was added to 
90 ml. of formic acid and 10 ml. concentrated H2SO4 with 
constant stirring. The polysaccharide quicldy dissolved to 
give a slightly opaque brown solution without an appre- 
ciable rise in temperature. After standing overnight, the 
formate was precixiitated by pouring into ice- water, "was 
recrystallized from formic acid, and then dried in vacuo. 
This compound is soluble in pyridine and formic acid but 
insoluble in other organic solvents. It is also slightly soluble 
in thiocyanate solutions. The formic acid content was deter- 
mined by slowly treating 0*5 g. of the dry formate with 
75 ml. N KgCrgO^ and adding 20 ml. concentrated H2SO4, 
the mixture being kept cool. Further cooling discourages 
the evolution of GO2 . The mixture was then left for 8 hr. 
on a boiling w'ater-batii and the excess of K2Cr207 titrated 
with N FeS04 solution. (Found: 39*7% formic acid. 
(H . 000)20311803 requires 42-2 % .) 

Preparatio7i of acetyl derivatives of scierotiose 

The method used was that of Reilly, Hayes & Brumm 
[1931]. 2 g. finely powdered polysaccharide were added to 
20 g. acetic anhydride and 2 drops of concentrated H2SO4. 
Most of the solid dissolved to give a brown solution with 
liberation of heat. The mixture was then heated nearly to 
the boiling-point when complete solution was effected. The 
crude acetate, precipitated on pouring the reaction mixture 
into ice-w*ater, was washed free from acetic acid, dried and, 
extracted with acetone. The insoluble fraction was dis- 
solved in chloroform. Both fractions were then shaken 
with norit charcoal and allowed to stand for 24 hr. 

Acetone-soluhle acetate. The decolorized solution, filtered 
free from charcoal, was poured into ice-water, w+en the 
acetate separated as a fine white powder, wfrich did not 
settle out on standing. It was gravity-filtered through a 
silica plate. When dry it was slightly coloured. Accordingly, 
it was redissolved in acetone, treated with charcoal, pre- 
cipitated and dried again. The pure white acetate so ob- 
tained was insoluble in water, ethyl and amyl alcohols, 
carbon tetrachloride and benzene, but was soluble in ace- 
tone, pyridiue and glacial acetic acid. On analysis, it was 
found to contain 48*2% acetic acid; CQHa03(CH3: 000)2 
requires 48*8%. 

Ghloroform-soluhle acetate. The acetate was precipitated 
by pouring the faintly brown solution into ice-cold ether 
and the grey precipitate redissolved in CHCI3 
treated as above. On evaporating under reduced pressure 
microcrystals were obtained. These were further purified by 
dissolving in warm glacial acetic acid and precipitating with 
ice-water. The pure white crystaUme acetate so obtained 
was soluble in cliioroform, pjn’idine and glacial acetic acid 
but insoluble in water, acetone, ethanol, benzene and ether. 

It fused at 166-172° to a gelatinous mass. The compound 
was found to contain 61*7% acetic acid; the compound 
CeHyOglCHg . 000)3 requires 62*5 % , 

It was thought that the brown colour of the reaction 
mixture previously mentioned might indicate contamina- 
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tion. by degrarlation products. The preparation 'was there- 
fore rcpeate<l, using Barnett’s method [1921] in which 
suiphur3'I cliioride is employed as a catalyst (thereby re- 
ducing degradation to a minimum) and was carried out 
according to the modification used by Irvine & Hirst [1922] 
for the preparation of cellulose tri-acetate. 2 g. sclerotiose 
were soaked in 10 ml. glacial acetic acid, through which a 
stream of dry sui|)lraryl chloride had been passed for 30 sec. 
After setting aside for J hr., 122 ml. of acetic anhydride 
were added and SO2 was then passed through the liquid for 
1 min. At the end of 1 hr., during which the pasty mixture 
was vigorously stirred, the temperature was raised to 65° 
and maintained there until the polysaccharide had all dis- 
solved to give a clear, colourless, viscous solution. After 
cooling to 30°, an equal volume of CHCI3 was added, 
followed by a large excess of water. The mixture was con- 
tinuously stirred and the CHCI3 evaporated. During this 
probess the acetate separated in the form of fine white 
granular particles, which were obtained as an aggregate of 
microcrystals on slow evaporation of the CHCI3 solution. 
M.1?. 165-168° (decomp.). (Found: C, 49-6; H, 5-8; 0, by 
difference, 44*6%. The tri-acetate 06^705(00.0113)3 re- 
quires 0, 50-0; H, 5-5; 0, 44*5%.) 

There was no appreciable loss of material by this method. 
The filtrate had no action on Fehling’s solution, and on 
evaporation to dryness gave a negligible residue; it was 
oi>ticaliy inactive. The specific rotation of sclerotiose tri- 
acetate, in CHCig solution, was [a]x) = -f- 205*7, while the 
acetic acid content was 62*1% (calc. 62*5%). 


Sclerotiose benzoate 

Benzoylation was carried out by a modification of the 
Schotten-Baumann reaction. The final product had a 
benzoic acid equivalent of 65*6 % . It was therefore prob- 
ably the tfi-beiizoate, but contained some di-benzoate. 

.SUMMARY,;, 

1. Investigation of the rapid glucose consump- 
tion of P. sclerotiorum, on Czapek-Dox and Rauiin- 
Thom media, led to the isolation of a polygiucose, 
somew^hat similar to other polysaccharide metabolic 
products of the io’wer fungi. 

2. The influence of the cultime medium and its 
pH were amply demonstrated by the varying yield 
of sclerotiose. As expected the neutral medium 
gave the greater proportion of polyglucose, the 
more acid substrates having a hydrolysing effect 
[Reilly & Curtin, 1943]. Of the derivatives pre- 
pared, the primary or tri- derivative was always 
present in preponderating amount. 

The authors wish to thank Prof. J. Reilly for his con- 
tinued help with this work. 

Part of the expense of this investigation was met by a 
grant from the Industrial Research Council, Eire, to one of 
us (D. R.). 
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The Excretion of a Metabolic Product of Salicylic Acid 


By CECILIA LUTWAK-MAJSnST (Fellow of Newnham College, Cambridge), 
From the Biochemical Laboratory, Cambridge 

{Received 2B December 1942) 


The experiments described below are a continua- 
tion of the work by Lutwak-Mann [1942]. 

METHODS 

Alkali test in urine. It was shown previously that shortly 
after the injection of salicylate there appears in rat urine 
a substance, which on addition of fairly strong NaOH, and 
in the presence of air, causes the urine to turn brown to 
black. The foUowing modifications of this test have now 
been worked out. When only very small amounts of urine 


are available 1-2 drops of it are added to about 4-6 ml. 
KaOH (Ml 50 or stronger). After a 30-60 sec. lag a pink 
colour develops which persists for varying lengths of time 
(2-5 min.), after which the solution turns yellow to brown. 
Excess of either urine or alkali prevents the appearance of 
the pink phase and only the final brown colour is seen. 
A still more reliable result is obtained by acidifying a few 
ml. of urine with 10 % HCl and shaking it with 3 voi. ether. 
The separated ether extract is then shaken with a few ml. 
dilute NaOH. The aqueous solution turns at once a bright 
pink colour which persists for a short while and then the 
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solution becomes brown. A very small trace of the alkali- 
sensitive substance excreted in urine after the administra- 
tion of salicylates can be detected in this manner. 

Isolation from tirine of the substance responsible for the 
alkali test. Six large male rats (300 g.) were injected'every 
second day with a mixture of 0*3 mg. Na -salicylate plus 
0*3 mg. Na-aspiriii/g. wt. until the animals had received a 
total of 3*2 g. salicylates. The urine collected during this 
period (450 ml.) was acidified with HCi and extracted with 
ether repeatedly till a sample of the extracted urine failed 
to give a positive alkali test. The ether extract w'as washed 
with dilute NaHCOg till the washings became coloui*less. 
The aqueous solution was divided into two, half of it was 
acidified and again extracted with ether (fraction A). The 
rest was adjusted to pH 6*8 and Pb acetate was added, 
avoiding excess. The Pb precipitate was discarded as it was 
found that the supernatant alone gave the alkali test. The 
Pb- containing fluid was left at room temperature for 2 days 
when it was found that the alkali -sensitive substance could 
no longer be extracted by ether though it could be extracted 
with ethyl acetate (fraction B). 

Fraction A contained a great deal of salicylic acid as well 
as the substance responsible for the ISTaOH test. It was 
noticed, however, at this stage, that when dilute FeGlg was 
added to a samjile a distinct blue tinge developed though 
it was somewhat obscured by the purple colour charac- 
teristic of salicylic acid. When salicylic acid was removed 
by extraction with chloroform and benzene, a whitish 
pow'der (0*15 g.) was obtained from this fraction, which 
showed the following properties. It was acid in aqueous 
solution, and turned intensely blue with dilute PeCig; on 
addition of NaOH it became pink and then slowly went 
brown, thus resembling the reactive substance in the urine. 
It reduced Fehling’s solution on heating, ammoniacal 
AgNOg in the cold, and phosphomolybdio acid on pro- 
longed standing. It was fairly soluble in hot water, very 
soluble in ethanol and ether, but insoluble in chloroform, 
benzene and CSg. On recrystaUization from water the 
M.p. 198® was obtained. The properties of the substance' 
isolated which is responsible for the behaviour of salicylate 
urine towards NaOH, resemble those of 2:5-dihydroxy- 
benzoic or gentisio acid. Using a specimen of gentisic acid 
prepared by the method of Graebe & Martz [1905] which 
showed a m.p. 199®, a mixed m.p. of 198® was obtained; 
owing to the author’s having taken up war work it was 
not possible to carry out the full analysis of the product 
obtained from urine. The assumption, however, that this 
substance is gentisic acid is further strengthened both by 
the older findings of Angelico [1921], Baldoni [1908], and 
Neuberg [1911], as well as by the recent work of Kapp & 
Coburn [1942], who describe the isolation and identification 
of gentisic acid from human urine as one of the urinary 
metabolites of Na- salicylate. 

From the Pb-containing ethyl-acetate fraction B, after 
washing with water, a solution was obtained which gave a 
strong test with NaOH and reduced Fehling’s reagent, but 
which gave only a pinkish brown colour with FeClg . When 
this fraction was concentrated on a water-bath and cooled 
in ice it turned into a transparent gel, which subsequently 
solidified into a white crystalline mass. After recrystalli- 
zation from dilute ethanol 0*48 g. of white crystalline 
needles was obtained. The behaviour of this substance 
towards NaOH -and Fehling’s reagent, as well as its ex- 
tremely poor solubility in cold water, are analogous to those 
of the Pb salt of gentisic acid [Senhofer & Sarlay, 1882]. 


For reasons mentioned above, however, its analysis could 

not be completed. 

An attempt was made to show the in vitro formation of 
gentisic acid from salicylate. The following samples w^ere 
set up and incubated for 2 hr. at 38® in Og -f COg (95 “1-5%) : 
[a) 25 g. liver slices (rat), (6) 18 g. liver pulp, (c) 15 g. 
minced skeletal muscle, all of them containing Jf/50 sali- 
cylate, T//30 phosphate buffer of pH 7*3, and 0*3 % bicar- 
bonate. From the acid -ether extracts of the muscle mince 
and the liver pulp a chloroform-insoluble fraction was 
obtained which, dissolved in ethanol, gave a distinctly blue 
colour with dilute FeClg , and slightly darkened on addition 
of NaOH. No such definite result could be obtained in the 
extracts from the liver slices where substances may have 
been present which interfered with these tests. 

The substance isolated from urine, presumably gentisic 
acid, was examined and found to be stable in the presence 
of the enzymes of rat liver, kidney and muscle, as well as 
of baker’s yeast. It was not oxidized by cytochrome or 
catechol oxidase. Peroxidase slowly but steadily oxidized 
it in presence of HaGg . 

Substances which give the alkali test in urine. The 
following substances related to salicylic acid were 
administered to rats: acetylsalicylate (Na-aspirin), 
methylsaiicylate (oil of wintergreen), phenylsali- 
cylate (salol), Na-sulphosalicylate. Their effect on 
the urine excretion was examined as described in 
previous work. All of them caused an increase in 
the reducing power of urine (as measured by titra- 
tion against 2:6-dichlorophenol indophenoi) pre- 
sumably owing to an increased excretion of ascorbic 
acid, but the NaOH test was positive only after 
aspirin and methylsaiicylate injections. The alkali 
test in urine after aspirin injection was always 
stronger than after a similar dose of salicylate. 
'After the injection of methylsaiicylate larly urine 
samples (0-7 Iir.) did not exhibit a positive alkali 
test as they did after salicylate or aspirin treatment ; 
the later samples, however (7-24 hr.), showed a 
strongly positive test. 

Substances which prevent the formation of gentisic 
acid from salicylates. Previous work has shown that 
large doses of ascorbic acid are without effect on 
the excretion in urine of the substance formed from 
salicylic acid which is responsible for the alkah test,, 
though such doses completely abolished the excre- 
tion of homogentisic acid in tyrosine -n^lkaptonuria. 
In this work the effect was studied of poisons such 
as white phosphorus (P), carbon tetrachloride (GCi^) 
and phiorrhizin upon the excretion of gentisic acid 
after salicylate treatment. 

{a) White phosphorus. A group of 10 rats re- 
ceived 0*1 mg. white P in olive oil every 2 days for 
a fortnight. At the end of this period autopsy 
showed fatty infiltration of the liver ; the titratable 
reducing power of the mine increased considerably, 
and all the rats excreted large amounts of urobilin. 
Some of them were then injected with salicylate, 
others with Na-aspirin (0*5 mg./g.). Urine analysis 
showed the following facts: that no NaOH test was 
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given, either soon after the injection or in later 
urine samples ; that the titratable reducing power 
was still further increased, but that there was no 
rise in the pH of the early samples and no albu- 
minuria, though these were both previously found 
to be characteristic features of urine from salicylate- 
treated normal rats. 

The effect of acute P poisoning was also studied. 
The rats received only 2 doses of P (1‘5 mg.) in the 
course of 3 days, after which they were given sali- 
cylate and aspirin by injection. Although there 
was no urobiiinuria, and as yet no marked changes 
in the liver on autopsy, these rats failed entirely to 
excrete gentisic acid, as judged by negative alkali 
tests in their ixrine. 

Both the chronically and the acutely poisoned 
rats were kept for another 10 days on a normal diet 
without white P. Urobiiinuria continued unabated, 
but the majority of the animals survived, and those 
rats which had been treated with salicylates seemed 
to recuperate more quickly than the others. At the 
end of this period the injections of salicylate and 
aspirin were repeated. This time all of them excreted 
urine which gave a strongly positive test with 
NaOH, i.e. recovery had occurred. 

(b) Carbon tetrachloride. Injections of CCI4 (0*4 
ml./200 g.) were given every other day to rats. 
After 14 days of this treatment, which was remark- 
ably well tolerated, they received injections- of sali- 
cylate and aspirin (0-5mg./g.). Of eleven CCI4- 
poisoned rats, eight failed to excrete the substance 
responsible for the attcali test, but the mine of the 
remaining three animals showed a faintly positive 
test with NaOH. The titratable reducing power of 
the mine, which fell conspicuously dming the CCI4 
treatment, rose in the usual manner in response to 
salicylates. When the CCI4 injections w’-ere discon- 
tinued for a few days and the administration of 
salicjdate and aspkm repeated, all eleven rats ex- 
creted urine which gave a strong NaOH test. 

Experiments were made with the P- and CCI4- 
poisoned rats in which anthranilate (o-amino-ben- 
zoate) was used instead of salicylate. It had been 
shown previousl3’- that the administration of antlira- 
niiate to • rats caused the excretion in urine of a 
substance which in presence of alkali (NH4OH) 
turned purple, and that in addition the urine con- 
tained considerable quantities of a glucuronide. 
When the poisoned rats were given anthranilate 
they contmued to produce the glucuronide, but the 
test with NH4OH was completely negative. 


(e) Phlorrhizin. This was given by injection 
(30 mg./200 g.). Three hours later when gluco- 
smia was fully developed some of the rats were 
given salicylate by injection, others aspirin ( 0*5 
mg./g.). The NaOH test was greatly increased in all 
mines, and that from the aspirin-treated rats 
turned almost black on addition of NaOH, The 
titratable reducing power, however, w^as rather 
lower than in non-phlorrhizinized animals. 

The alkali test in human urine. Urine w^as col- 
lected and examined after an oral dose of aspirin 
(1*2 g.). The acid-ether extract from the early mine 
samples (0-7 hr.) showed no alkali test, but the 
7-15 hr. samples, which also showed a slight increase 
in the titratable reducing power, gave a definite test. 
Later samples (15-24 lir.) show^ed only a mere trace 
of the test. 

STOIMARY 

1. A substance previously reported to be present 
in rat mine after the administration of salicylate, 
and which causes the urine to tmn dark on addition 
of NaOH in air, has been isolated. Its properties 
are found to agree with those of 2:5-dih3^droxy- 
benzoic acid (gentisic acid). 

2. Tests are described by means of which traces 
of this substance can be demonstrated in urine. 

3. Positive tests of this kind were obtained after 
the administration of salicylate, aspirin and methyl- 
salicylate, but not after salol or sulphosalicylate. 
Human mine gave a positive test after a compara- 
tively small dose of aspirin. 

4. The substance isolated from urine of sali- 
cylate-treated rats, wdiich is thought to be gentisic 
acid, is stable in the presence of rat tissue, and of 
jreast enzymes. It was oxidized by peroxidase, but 
not by cytochrome or bj^ catechol oxidase, 

5. Rats poisoned wdth white phosphorus ot 
carbon tetrachloride are xmable to excrete gentisic 
acid after administration of salicylates. However, 
the effects of the poisoning are not permanent, 
since w^hen the poisons are discontinued for a 
period, recovery sets in and aclministration of sali- 
cylates is then again followed by the excretion of 
this particular product of salicylate metabolism. 
On the other hand, plilorrhizin does not prevent, 
but rather increases, the excretion of the alkali - 
sensitive substance in the mine after adminis- 
tration of salicylates. 

The work on the effect of the anti-rhenmatic drugs was 
originally undertaken on behalf of the Empire Rheumatism 
Council, 
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On the Failure of Azo -gelatin as an Antigen 


By F. HAUROWITZ, M. TUNCA and PAULA , From the Institute of Biological 

mid Medical Ghemistry, University of Istanbul 

{Received 2 January 1943) 


The iion-antigeiiicity of gelatin was attributed for 
a long time to its lack of aromatic amino-acids. 
Later^ Landsteiner [1919] and Hooker Sc Boyd 
[1932] introduced aromatic determinant groups 
into the gelatin molecule by coupling it -with diazo- 
tized arsanilic acid. Injection of arsanil-azo-gelatin 
into rabbits furnished immune sera which gave 
slight precipitates with the arsanil-azo-compounds 
of casein, ovalbumin and serum -globulin, but gave 
no visible reaction with arsanil-azo-gelatin. Similar 
results were obtained by coupling gelatin with 
glucosido -tyrosine [Glutton, Haringt on & Yuill, 
1938]. These experiments demonstrated clearly that 
the absence of antigenicity in gelatin cannot be 
attributed merely to the deficiency of aromatic 
groups. 

In previous papers [Haurowitz, 1936; Haurowitz 
& Kraus, 1936] we showed that the bulk of intra- 
venously injected arsanil-azo-globuiin is fixed in the 
liver and the bone-marrow of rabbits. We have now 
performed similar experiments with arsanil-azo- 
gelatin. 

METHODS 

Arsanil-azo-globulin was prepared m the usual way by 
coupling pseudo-globulin from sheep serum with diazotized 
arsanilic acid [Haurowitz, 1936]. For arsanil-azo-gelatin 
1-35 g. of arsanilic acid were diazotized in the usual manner 


Haurowitz & Kraus, 1936; Haurowitz & Breiiil, 1932]. 
The animals were killed by bleeding 60 min. after the in- 
jection of the azo-protein. 


RESULTS 

Deposition of arseyiic in the liver. As will be noted 
from Table 1 only 4*4 % of the injected arsenic was 
deposited in the liver, whereas 66 % passed into the 
urine. In a second rabbit, given an injection, of 
arsanil-azo-globulin under similar conditions, 34 % 
of the injected arsenic was found in the liver and 
only 9 % passed into the urine. A repetition of this 
experiment on two other animals furnished analo- 
gous results. 

Excretion of arsenic. The experiments recorded in 
Table 2 were performed on rabbits weighing 1*7- 
2*2 kg. In each experiment a pair of animals was 
used, since the food varied somewhat from day to 
day, both animals of a pair receiving the same food. 
One animal received an intravenous injection of the 
arsanil-azo-gelatin, the other ariimal received ar- 
sanil-azo-globulin as a control. The animals were 
kept in metabolism cages and the urines collected 
quantitatively during 2 days. Arsenic was deter- 
mined in 10 or in 20 ml. of urine according to our 
previously described method. 
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Table 1. Distribution of arsenic 60 min, after the intravenous injection of arsanihazo-gelatin 

and arsanil-azo-globulin into rabbits 


Injected protein 

Wt. of rabbit 
Liver: {a) Weight 

(6) Content of As 
Bone marrow 
Blood 
Kidneys 

Urine: {a) Volume 

'{h) Content of As 


50 mg. of arsanil-azo-gelatin 
( = 1*8 mg. As) 

2200 g. 

67 g. 

0*08 mg, ( =4*4% of injected As) 
0-25 mg. As/100 g. 

0*025 mg. As/100 ml. 

0*075 mg. As ^ ^ ^ ^ ^ 

9*5 ml. 

1*2 mg. ( =66 % of injected As) 


60 mg. of arsanil-azo-sheep serum 
globulin (=0*96 mg. As) 


1760g. 

,57*5g, 

0*33 mg. ( =34% of injected As) 
0'71 zng. As/100 g. 

0*30 mg. As/100 ml. 


mrf Aq 


7*0 ml. 

0*088 mg. ( = 9*2% of injected As) 


[Haurowitz, 1936], and the solution added to a chilled 
solution of 4*5 g. of gelatin in 140 ml. of 0*65 W HaOH. 
The mixture was permitted to stand at 0° for 16 hr. and 
then neutralized, precipitated by twice its volume of 
acetone, dissolved in water and dialysed for 48 hr. against 
distilled water. The solutions for injection into rabbits con- 
tained 2-3% of azo-protein. The intravenous injection into 
rabbits and the determination of arsenic in the organs have 
been described in previous papers [Haurowitz, 1936; 


In each of these experiments arsenic was elimi- 
nated more rapidly by the animals which had been 
injected with arsanil-azo-gelatin (Table 2). 

The rapid elimination of arsenic after the injec- 
tion of arsanil-azo-gelatin cannot be attributed to 
the presence of dialysable compounds of arsenic in 
the injected preparation, for it had been purified 
by dialysis, and further dialysis in distilled water 
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Table 2. Excretion of arsenic after the injection 
of arsanU-azo -gelatin and arsanil-azo-glohulin 


Injected arsanil-azo- 
protein 


Content of arsenic 
in urine 


iabbit 

Wfc. 


Content , 
of As 

24 hr. 

, 48 hr. 

no. 

mg. 

Protein 

mg. 

mg. 

nig. 

208 

60 

Globulin 

2-5 

0*91 

— 

209 a 

50 

Gelatin 

1-8 

1*54 

; 

210 

60 

Globulin 

2-5 

0*88 


209& 

50 

Gelatin 

1-8 

1*71 

— 

213 

48 

Globulin 

2*0 

0*28 

0*06 

214 

45 

Gelatin 

1*6 

* 0*99 

0*05 

215 

48 

Globulin 

2-0 

•0*47 

0*02 

217 

56 

Gelatin 

2<0 

0*75 

0*07 


yielded only negligible quantities of dialysable As 
compounds. 

The rapid elimination of As when administered 
intravenously as arsanil-azo -gelatin appears to be 
related to the peculiarities of the gelatin molecule. 


e.g. its strong tendency to remain in solution and 
not to be adsorbed. It is assumed therefore, that 
the failure of arsanil-azo -gelatin to produce anti- 
bodies is chiefly due to the fact that its molecules 
are not deposited at the sites of antibody-formation, 
but are rapidly eliminated from the organism. 
Probably this is also the reason for the lack of 
antigenicity of pure gelatin. 

, SUMMARY 

1 . While an intravenous in j ection of arsanil -az o - 
globulin into rabbits gives rise to a considerable 
deposition of arsenic in the liver, an analogous in- 
jection of arsanil-azo -gelatin is followed by rapid 
urinary excretion of arsenic, and only small quan- 
tities of arsenic are deposited in the liver. 

2. The failure of arsenil-azo-gelatin to act as full 
antigen is attributed to the insufflcient deposition 
of this substance in the reticulo-endothelial ceils, 
i.e. in the cells producing the antibodies. 
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Riboflavin and Riboflavin Adenine Dinucleotide in Ox Ocular Tissues 

By flora j. PHILPOT and ANTOINETTE PIRIE, From the Oxford Nutrition Survey and 
the Nuffield Laboratory of Ophthalmology f Oxford Eye Hospital 

(Received 2 January 1943) 


Sherman & Sandel [1931] found that vitamin ‘G’- 
deficient rats showed eye changes which they 
described as ‘a very slight keratitis with corneal 
corpuscles, a few polymorphs and some new formed 
blood channels in the cornea’. Day, Langston & 
O’Brien [1931] also observed that rats on a ‘G’- 
deficient diet developed eye lesions. Their animals 
not only developed a condition which they de- 
scribed as anterior interstitial keratitis, but also 
cataract. The lens changes in vitamin ‘G’ defi- 
ciency were further investigated by many different 
workers, but the original observations could not be 
repeated. The changes in the cornea were not 
examined in detail until Bessey & Wolbach [1939] 
and El Sadr [1939] published descriptions of the 
vascularization of rat corneas in riboflavin defi- 
ciency. In the meantime vitamin ‘G’ had become 
identified with vitamin Bg or riboflavin. Syden- 
stricker, Sebrell, Cleckley <fc Kruse [1940] described 
vascularization of the cornea in man in riboflavin 


deficiency. Patek, Post & Victor [1941] have found 
that it occurs in pigs, and Street, Cowgiil & 
Zimmerman [1941] have described its occurrence 
in dogs. 

Apart from estimations of the total flaviii con- 
tent of the retinae of different species by v. Euler 
& Adler [1933; 1934a] no determinations of the 
amount or type of flavin ha the different parts of 
the eye have been published. We have now esti- 
mated total flavin and riboflavin adenine dinucleo- 
tide in ox eyes in order to see whether a determina- 
tion of the distribution and type of flavin present 
would help to explain the sensitivity of the cornea 
to riboflavin deficiency. 

METHODS 

(1) Collection of material 

Ox eyes were removed and put into a refrigerator 
within 5 min. of the death of the animal. As soon 
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as the requisite number of eyes had been collected 
■ they were taken on ice to the laboratory, dissected, 

. and extracts made of the different parts. The eyes 
were gently wiped with a damp pledget of cotton- 
wool. The corneal epithelium was then shaved off 
with a sharp knife. We found that the best method 
of removing the retina was to brush it out with a 
soft paint brush, the choroid could then be taken 
out with forceps. The aqueous humour, when 
needed, was removed at the slaughter house with 
a hypodermic syringe, and immediately cooled on 
ice. The lens was extracted without its capsule. 
Ocular conjunctiva was cut off as a very thin strip 
without adherent fatty tissue, in order to make 
conjunctiva as comparable with corneal epithelium 
as possible. 

Frepamtion of extracts. Snell & Strong [1939] 
recommend extraction of tissues low in riboflavin 
either with boiling NjlO HCl or with a mixture of 
3 parts acetone, 1 part N H2SO4 under reflux. We 
foimd, however, that these methods gave lower 
values than extraction with HgO at 80'^ for 15 min., 
which is the method used b^^ Ochoa & Rossiter 
[1939] to prepare extracts for riboflavin adenine 
dinucleotide estimation. The final method of pre- 
paration of tissue extracts for both the microbio- 
logical estimation of total riboflavin and the esti- 
mation of riboflavin adenine dinucleotide has there- 
fore been as follows. The tissue was weighed, ground 
I with a little sand and extracted with distilled water 

in a water-bath at^80° for 15 min. The final concen- 
tration of tissue was 10 or 5*%. The tube was then 
cooled to 4° and the extract centrifuged. The super- 
natant, which is frequently cloudy, was used for 
the estimations. 

(2) Microbiological estimation of total riboflavin 

Total riboflavin was estimated by the microbio- 
logical method of Snell Strong [1939]. A culture 
of Lactobacillus helveticus (kindly supplied by Ur 
J. G. Davis of the National Institute for Research 
in Dairying) was used. A few experiments were 
done with additions to the medium as described by 
Barton -Wright [1942], i.e. xylose, asparagine, nico- 
tinic acid and pantothenic acid. Although these 
additions did accelerate the growth of L. helveticus 
to a small extent, they did not affect the values for 
riboflavin obtained from different extracts of the 
same tissues. For the rest of the work the simplest 
medium was used. The growth of the L, helveticus 
in 24-48 hr. w^as measured by titrating the acid 
formed with 0*1 N NaOH, using phenol -red as an 
indicator. A standard riboflavin curve was ob- 
tained with each experiment between the limits: of 
0-0-1 fig. riboflavin and the extracts were diluted, 
if necessary, to fall within these levels. All extracts, 
with the exception of tears and meibomian secretion, 
were estimated in duplicate at three different levels. 





(3) Estimation of riboflavin adenirie dimieleotide 

. This was estimated by the d-amino oxidase tech- 
... nique of Warburg & Christian [1938], using the' 
specific enzyme -protein .from sheep’s kidney. The i, 

pure substance was not available as a standard,, so' 
an extract of .rat brain was used. .Hot aqueous, 
extracts of rat brain consistently contain a 'mean 
of 10 + 0*8ftg./g. fresh tissue, based on groups of six 
animals [Ochoa & Rossiter, 1939], and we have 
assumed a value of 10 ftg./g- constructing . a 
reference curve for the Og uptake of 5 mg. of the 
kidney protein in the presence of d^-alanine and 
varying amounts of rat -brain extract. In assays 
on extracts of eye tissues the amounts added were 
always such as to give Og uptakes falling on that 
part of the reference ciu’ve for which the increase in 
uptake was directly proportional to the amoimt of 
catalyst added. It is realized that the values we 
have obtained are approximate only, as the brain 
extract cannot be as satisfactory a standard as the 
pure riboflavin adenine dinucleotide. 

RESULTS 

Table 1 summarizes the results we have obtained 
by the two methods. 

We do not wish to stress the apparent agreement 
between the riboflavin values obtained, by the two 
separate methods of estimation, as estimations of 
the flavin contents of other tissues made in the 
same way did not agree so satisfactorily. The ribo- 
flavin values obtained by the d-amino oxidase 
technique, given in Table 1, demonstrate the 
presence throughout the eye of riboflavin adenine 
dinucleotide. 

Adler & v. Euler [1938] found that free riboflavin 
was present in an extract, prepared at 0"^, of cod’s 
eyes, but the question of the presence of free ribo- 
flavin, in mammalian retinae is still open. Many 
fish retinae contain much more total fiavin than 
any known mammalian retina, v. Euler Adler 
[1934a] fodnd O- 2-0*4 gg. riboflavin/g. wet wt. of 
human retina. We were able to obtain one normal 
human retina which was iced within 1 min. of 
extraction of the eye. The total riboflavin content, 
estimated microbioiogically, was 3-2-5*0^g./g. wet 
wt., and estimated by the d-amino oxidase tech- 
nique was 5-0^g./g. wet wt. Even this higher value 
is far below the flavin content of some fish retinae, 
which Adler & v. Euler [1938] found to contain 
500 /ig./g. wet wt. 

V. Euler & Adler [1933] based their contention 
that the riboflavin in the retina is free on the fact 
that it is largely dialysable. But Pulver [1940] has 
shown that the flavin from all tissues becomes pro- 
gressively dialysable as the time of dialysis in- 
creases, and that in order to get a true value for 
free riboflavin an ultrafiltrate of a press juice of the 
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Table L Riboflavin in ocular tissues estimated by 
micTohiological and d^amino oxidase techniques 

Riboflavin fjtg./g^ wet wfe. unless 
stated otherwise 




f 

Microbio- 

(£-amdno oxidase 

Tissue 

Extractive 

logical 

(HoO extracts only) 

Corneal 

i\710 HCl 

1-76 

1-8, 1*9, 2*5, 24, 2*3 

epithe- 

NjlO HGI 

24 

2*7 

Hum , ■■ 

Acetone, Hj,S 04 

1-6 



HaO 

1-5 

1*7 

S-iibstantia 

iV/10 HCl 

0-27 


’propria 

Acetone, HoSO, 

O'lS 

0*42, 0*26, 0*25 


HoO 

0*24 

0*54 

Con June- 

N/IO HCl 

0-9 

2*6 

tiva 

HaO 

1«6 



HO 

14 

2*1 


HaO 

21 ......... . 

2*1 


HgO 

2-6 ...... .... 

2*1 

Aqueous 

NJXO HCl 

l-O/xg./lOOnil. 

l-3/xg./lOOinl. 

humour 

N/lO HCl 

O-O/ig./lOOml. 



iV/10 HCl 

l-l/ig./lOOml. 


Ms 

HaO 

14 

1*2, 2*2 


HsO 

1-8 

2-8 

Ciliary 

HgO 

2-0 

1*8 

body 

HaO 

1-8 

2-6 




1*6, 2-9 

Lens 

HaO 

0-05 ........ . 

0*28 


HaO 

0-12 

0*2 

Vitreous 

Acetone 

O-8/xg./lOOml. 


humour 




Retina 

Y/lOHCl 

0-9 

2-8, 2*1, 4*4 


Y/10 HCl 

1*1 

3*9, 3-9 


NflO HOI 

21 



HaO 

4‘6 

3-6, 3-8 


HaO 

43 

1*5 


HaO 

4-9 



HaO 

35 

45 

Choroid 

iV/lOHCl 

0-9 

1*8, 2*5, 2*8 


N/lO HCl 

0-9 


i 

W/lOHCi 

1*1 


i 

,HaO 

1-8 

2-8 


HaO 

2*9 

1*5 



3-2 

14 

In those 

cases where a 

dotted line is 

drawn between the 


figures, the microbiological and the i-ainino oxidase estimations 
were earned out on the same extract. 



tissue should be made. Using this method he found, 
for example, that only 2 % of the total flavin of 
cattle liver was dialysable. 

V. Euler & Adler [1934a] considered that the re- 
tinal flavin was almost entirely confined to the 
pigment epithelium of the retina. In our experi- 
ments histological preparations showed that the 
pigment epithelium remained attached to the 
choroid, and none of it was present in the retinal 
preparations. Yet the flavin content of the ox 
retina is higher than that of the choroid. Acetone 
extracts of calf retina made by v. Euler & Adler 
[19346] gave non -fluorescent extracts, which after 
standing for 2 days fluoresced blue. This suggests 
a breakdown of a combined flavin present in the 
original extract. 

We have done a single experiment to see whether 
bleaching of the retina caused any diminution of 
its riboflavin adenine dxnucleotide content. An 
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excised ox eye was placed in a dish of ice and ex- 
posed to direct sunlight for 1 hr. At the end of this 
time the dinucleotide content of the retina, deter- 
mined in the usual way, was normal in amount. 

In Table 1, the low value for the flavin of the 
aqueous humour is very noticeable ; that for the sub- 
stantia prop7'ia of the cornea is also low, while the 
ocular conjunctiva and the corneal epithelium con- 
tain about 2/xg./g. of total flavin. Histological pre- 
parations showed that very little substantia propria 
was detached with the corneal epithelium. This 
accumulation of flavin in the corneal epithelium, 
which is without a blood supply, led us to investi- 
gate the flavin content of the glands of the eye and 
their secretions. 

Table 2. Riboflavin in ocular glands and secretions y 
estimated by microbiological and d-amino oxidase 
techniques. H^O used as extractive throughout 

Riboflavin, jug./g. 'wet wt. unless 
stated otherwise 

JL ; A 

Tissue Microbiological <f-amino oxidase 


Meibomian glands 

3*9 ... . 


4*1 



4*3 

Lacrymal glands 

6*5 . . . . 


6*3 

6*2, 7*2 

Meibomian 

41, 3*3 


secretion 

0*0, 3-1 



Tears: Human 

O'Ol fig.] 

^ 0'027 ^ 

[ Total riboflavin.VoL 

Rabbit 

0*03 /xg. 

of tears, approx. 

Rat 

0*04jug.J 

1 

1 0*2 ml. in each case 


There are two main lacrymal glands in the ox ; 
both had similar flavin contents, averaging 6*5 ftg./g. 

The meibomian glands of the lids contained about 
4ftg./g. These values, in particular that for the 
lacrymal glands, are higher than those for the 
tissues adjacent to the corneal epithelium, or indeed 
for any part of the eye except possibly the retina. | 
We therefore estimated the total flavin content of 
the eye secretions. Ox eyelids were cut off imme- ' 
diately after death and the secretion from the 
meibomian glands was expressed by hand. A few j 
mg. of a hard bright yellow waxy substance was | 
obtained from several lids. Too little was obtained 
to make it feasible to do parallel estimations of total 
flavin and riboflavin adenine dinucleotide, so that 
values for total flavin only are given (Table 2) . These 
show that the secretion contains about the same 
amoxmt of flavin/g. as the gland itself. Miscellaneous i 
estimations of the presence of flavin in the tears of ' 
different species have been carried out. The volume 
of tears obtained was so small that it was only 
possible to decide whether flavin was present or nAt. i 
The results show that fl^zin«-was^^esent i^ 
from a normal woman, from rabbits, ariarffom a rat. 


It is therefore possible that the flavin of the 
corneal epithelium is obtained from the lacrymal 
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secretions rather than from the blood in the iimbal 
loops. The weight of epithelium of an ox eye is 
.approximately 0-15 g., which means that the 
amount of riboflavin present is 0*3 ^g. It seems 
reasonable to suppose that this amount could be 
kept replenished by the eye secretions, but we have 
no evidence that in vivo such an absorption of 
either riboflavin or riboflavin adenine dinucleotide 
into the cornea does occur. The penetration of the 
corneal epithelium by either of these substances 
has not yet been investigated. Histological studies 
of the eye glands of riboflavin-deficient animals 
have not been reported, although both deficient 
and excessive secretion of tears have been noted, 
so that one cannot tell whether the primary lesion 
leading to a disturbance of the corneal epithelium 
with subsequent vascularization of the cornea is in 
the eye glands and their secretions or not. Defi- 
ciency of tears in man may rarely be associated 
with comeal disturbance, as in keratoconjunctivitis 
sicca described by Bruce [1941], but in general 
either the meibomian glands or the lacrymal gland 
may be removed without subsequent damage 
to the cornea. Under such circumstances the 
mucous -secreting glands of the conjunctiva still 
remain. 

Johnson & Eckhardt [1940] reported that ex- 
posure of rats to sunlight hastened the vasculariza- 
1 ' tion of the cornea in riboflavin deficiency. We have 

investigated the stability to light of riboflavin 
adenine dinucleotide in ox corneal epithelium. Ox 
I eyes were cooled to 4° and placed in a dish of ice 

;! in bright sunlight out of doors for 1 hr. The surface 

I of the cornea was kept moist by occasional drops 

'/ ^ of ice-cold saline. The riboflavin adenine dinucleo- 

tide of the epithelium, estimated in the usual way, 
showed no diminution dining this time. Ox eyes 
were also similarly exposed for a maximum time of 
1 hr. to a G.E.C. Osira ultra-violet lamp placed 
8 in. away from the corneal surface. Again no change 
occurred in the dinucleotide content of the epi- 
thelium. Excised epithelium exposed to the G.E.C. 
Osira lamp also had a normal dinucleotide content 
after exposure. These results with excised eyes give 
the impression that the dimicleotide itself in the ox 
corneal epithelium is relatively stable, but they 
must not be regarded as contradicting Johnson 
Eckhardt’s results, where continuous exposure to 
sunlight in vivo resulted in an apparent diminution 
of the corneal flavin. 
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DISCUSSION 

These estimations of riboflavin.and riboflavin ade- 
nine dinucleotide in the secretions and different 
parts of the eye show that the distribution is 
general, but mleven. The vitreous humour, the 
aqueous humour and the lens contain very small 
amounts of flavin. This is in marked contrast to 
the distribution of ascorbic acid, whose concentra- 
tion in ox aqueous humour is 20 mg./ 100 ml. [Muller, 
1933], a concentration greater than that in the 
blood. Birch & Dann [1933] found that ox lens, 
and Monajukowa & Fradkin [1935] found that the 
vitreous humour also had a high content of ascorbic 
acid. The estimations also show that some at least 
of the retinal and choroidal flavin in the ox is 
present as dinucleotide. 

In riboflavin deficiency in man and animals the 
cornea is invaded by capillaries at an early stage* 
Our estimations of the flavin content of the epi- 
thelium and the surrounding tissues show that the 
corneal .epithelium has a greater concentration of 
flavin than the substantia propria or aqueous 
humour, and about the same concentration as the 
conjunctiva. The source of this flavin in the corneal 
epithelium has been considered to be the blood in 
the vessels at the limbus. Our estimations of the 
flavian content of the eye glands and their secre- 
tions show that if the epithelium is permeable to 
flavin it would be possible for it to obtain it from 
tears and from the meibomian secretion, and we 
think that this possibility should be borne in mind 
in considering the ocular signs of riboflavin de- 
ficiency. 

SUMMARY 

Total riboflavin and riboflavin adenine dinucleotide 
have been estimated in ox ocular tissues. The 
lacrymal and meibomian glands contain a greater 
amount of flavin than does any other part of the 
eye. The corneal epithelium contains much more 
than the substantia propria or the aqueous humour, 
and it is tentatively suggested that the corneal 
epithelium may get flavin from the eye secretions 
as well as from the blood in the iimbal capillaries. 

We wish to thank Miss Mann for her interest and help, 
Dr Carieton for preparing the histological specimens, Dr 
Bossiter for suggesting that rat brain extract may be used 
as a standard in estimating riboflavin adenine dinucleotide, 
and finally the staff of the Oxford and District Co-operative 
Society, Ltd., whose friendly help made the work possible. 
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The Oxalate Content of Blood 


By J. F, B. BARRETT, GoininuM Institute of BiocJiemistry, Aliddlesex Hospital Aledical School, 

London, W. 1 

{Eeceived 4 January 1943) 


The ({uautity of oxalate present in blood is still in 
dispute, Japanese workers give the normal value 
as 2-4 mg. /loo mi. (method of Izumi [1933], Snzuki 
[1934], Kamiya [1937) and Sato [1941]). On the 
other haial, Leiilier & Dorehe [1939] found 0*2- 
0*5 rng.TOO mi. in good agreement with Flaschen- 
trager k. AiiiUer [1938]. Voinar & Babkin [1940] 
failed, to isolate oxalic acid from the blood or tissues 
(as CaCgO,!), and expressed doubts as io the relia- 
bility of the methods then available. Barber & 
Galiimore [1940] applied the ester method of Dodds 
& Galiimore [1932] and reported 0* 4-0*6 mg./ 100 mi. 
of human blood. 

The method of Izumi [1933], which depends on 
the precipitation of cerous oxalate (062(0204)3) 

2*3 from a trieliloroaeetic acid filtrate, received 
some support from the previous work of Merz & 
Maugeri [1931], These authors found 3-4 mg./ 
100 mi. by direct precipitation from blood filtrate 
by means of lime water, but Thomsen [1935] and 
Voinar & Babkin [1940] have claimed that the pre- 
cipitate obtained does not consist of oxalate. 
Thomsen [1935] also criticized the Ce procedure 
used by Suzuki [1934], but this criticism was 
answered [Suzuki, 1936] and the method has been 
in use in a modified form ever since. The purpose 
of the present paper has been to investigate the Ce 
procedure used by Kamiya, 'Noye & Sato [1937] 
and the Ca procedure of Merz & Maugeri [1931], 
since these two methods agree in yielding high and 
unconfirmed results. The ester procedure of Barber 
& Galiimore [1940] has also been examined. 

METHODS 

(1) Investigation of the cerous oxalate method [Suzuki, 
1934; Kamiya et al 1937]. Thomsen [1935], foUowing the 
procedure of Suzuki [1934], could obtain no precipitate 
from blood filtrates, and pointed out that CejfOaOi)^ '"is 


soluble in excess of CeGlg. Suzuki [1936] suggested that 
Thomsen bad overlooked or lost the small precipitate of 
€’62(0204)3 and insisted that special centrifuge tubes were 
required. Subsequently, Kamiya et al. [1937] suggested 
€62(804)3 as precipitant since an excess of this substance 
has less tendency to redissolve €62(0204)3. 

In the present experiments the special centrifuge tubes 
recommended by Suzuki [1936] were employed. With 
2 drops of 0*1 % €62(804)3 and 3 ml. of a solution of lSra2Ca04 
equivalent to 1*33 mg. HaC2O4/l00 ml., no difficulty was 
encountered in obtaining a crystalline precipitate of 
Ce2{€204)3 at pH 6. In 2 hr. 98% of the oxalate was 
precipitated. This result indicates that an aqueous solution 
of oxalate of the strength which Suzuki [1934] supposed 
to be present in blood filtrates yields an easily visible 
crystalline precipitate, suitable for analysis. However, 
when the precipitation was attempted under the conditions 
set out by Izumi [1933], viz. at pH 2*3 (colorimetrically, 
thymol blue) and in the presence of CCig.OOOHj'no pre- 
cipitate could be obtained. In these experiments the 
number of drops of €62(804)3 was varied from 1 to 4 
(0-04-0-16 ml.) and the solutions were left overnight. Since 
oxalate is not precipitated from aqueous solution under 
these conditions it is improbable that a precipitate of 
€62(0204)3 would separate from a blood filtrate. Experi- 
ments showed that in some cases a small amorphous pre- 
cipitate did appear, but in no case could oxalate be re- 
covered when the precipitate from 10 ml. of blood was 
subjected to the process of Dodds & Galiimore [1932], 
This result therefore supports the contention Of Thomsen 
[1935]. 

' (2) Investigation of the precipitate obtained with lime water 
[Merz & Maugeri, 1931]. If the precipitate consists of €aC204 
it should be possible to convert it into Et2C204 and to esti- 
mate the quantity so esterified by the procedure of Dodds 
& Galiimore [1932]. The ‘oxalate’,^ content of a sample of 
heparinized human blood was determined, and 4*55 mg./ 
100 ml. were found. The precipitate from 20 ml. of blood 
(0*91 mg. ‘oxalate’) was dissolved in a small quantity of 
HCl and transferred to the Claisen flask of the apparatus 
used for the distillation of the ester. Onlj?' 0-092 mg. oxalate 
was recovered. It is probable that at least a part of this 
oxalate arose from the decomposition of ascorbic acid of 


255 


OXALATE m BLOOD 


Vol. 37 

the blood filtrate when the latter was made alkaline with 
lime water. The whole procedure was verified by carrying 
' out a ‘ blank’ experiment in which 1 mg. H2C2O4 was added 
and 1*06 mg. recovered. These results confirm the findings 
of Thomsen [1935], and of Voinar & Babkin [1940]# 

(3) Investigation of the ethyl oxalate ‘procedure [Barber & 
GaUimore, 1940]. This method entails a preliminary de- 
proteinization with phosphotungstic acid, evaporation of 
the filtrate, and precipitation of the oxalate as Ca0204 . 
10 mi. samples of blood were employed in order to insure 
the presence of sufficient oxalate to give a clear-cut pre- 
cipitate. The volume of fluid prior to the addition of lime 
water was not allowed to exceed 2 ml. The only other 
modification adopted was the use of an ice-bath in the 
distiliatioii of the ester, as suggested by Athanasiou & 
Beinwein [1934], / ■ ' 

The most likely sources of error in this method are: 
(a) Loss of H2C2O4 by volatilization during the evaporation 
of the blood filtrate in vacuo. (5) Incomplete extraction 
of the H2C2O4 with ether, (c) Incomplete precipitation by 
means of Hme water, [d] Production of H0C2O4 from other 
constituents of the blood during the prolonged and some- 
what drastic processes involved in the determhiation. 

The first three possibilities were investigated by carrying 
out a blank test on the reagents with, and without the 
addition of a quantity of H2C2O4 likely to occur in blood. 
In these tests the amount of phosphotungstic acid was 
reduced from 4 to 0-2 g., since with blood nearly all the 
phosphotungstic acid is removed by the proteins. When 
OT mg. H2C2O4 was added to the ‘blank’ 82% of it was 
recovered. This recovery is satisfactory. It is probably an 
advantage to have a small quantity of oxalate present in 
the reagents, as although the absolute value of the ‘blank’ 
is unlikely to be obtained owing to unavoidable losses, such 
losses occur in both ‘blank’ and ‘test’ and the difference, 
vdxich is the value required, is not likely to be affected. 

Nine specimens of normal heparinized human blood were 
analysed. The values obtained w^ere 0*23, 0*31, 0*40, 0*42, 
0*47, 0-51, 0*57, 0*60, 0-77 mg. oxalatej^lOO ml. with an 
average result of 0*48 mg,/100 ml. (In two cases 0*06 mg. 
H2C3O4 was added to two 10 ml. samples of blood; the 
recoveries were 84 and 85%.) These figures are in close 
agreement with those reported by Barber & Gallimore 
[1940] although the range for normal blood is wider than 
that (0*4-0*6 mg./1 00 ml.) given by them. 

LAscorbic acid was selected as the most probable normal 
constituent of blood which might yield H2O2O4 when sub- 
jected to the procedure of Barber & Gallimore [1940]. Its 
easy conversion into H2C2O4 has already been noted by 
Plaschentrager & Muller [1938] and Jurist & Christiansen 
[1939], while Scheinkman [1940] found an increased output 
of oxalate in guinea-ifigs after administration of Lascorbic 
acid. The Z-ascorbic acid used in the following experiments, 
was supplied by B.D.H., and gave no precipitate when 
treated with Ca salts at pH 5. In three cases 4 mg. of 
ascorbic acid were added to 10 ml. samples of human blood 
and the oxalate content was determined. In each case an 
increase was obtained. The average value of the three 
specimens prior to addition of Z-ascorbic acid was 0*50 mg./ 
100 ml. and after the addition rose to 1*5 mg./lOO ml. An 
addition of 40 mg. Z-ascorbic acid to 100 ml. blood therefore 
increased the apparent oxalate content by 1-0 mg. If this 
oxalogenic effect is directly proportionaLto the quantity of 
Z-ascorbic acid present, the quantity of oxalate formed by 
the 1 mg. of Z-ascorbic acid present in 100 ml. of normal 


. blood would be 0-025 mg. This value is not of great signi- 
ficance- when compared with the normal figure of 0*5 mg./ 
100 ml. but it does indicate that all the H2C2O4 found by 
this method is not necessarily present in the original blood. 

.DISCITSSIO-N ,, 

■ No evidence could be found in support of the high 
level of blood oxalate, reported by the Japanese 
group of workers. A negative result of this type is 
not entirely satisfactory, and it may be argued that 
the reagents employed in this investigation were 
not pure. However, only three reagents were used 
in the 062(0204)3 experiments. Two of these sub- 
stances, viz. CCI3 . COOH and NaOH, were of Aiialar 
quality, while the 062(804)3 xvas specially prepared 
from Ce(S04)2. The latter was purified by the pro- 
cedure of Bowles & Partridge [1937]. Izuini [1933], 
the originator of the cerium procedure, conducted 
the precipitation at pH 2-3. He investigated the 
effect of pH on the precipitation by mixing 5 ml. 
buffer solution (acetic acid -f- acetate or glycine H- 
HCl), 0*5 mi. iV/10 NaaCsO^ and 0*2 ml. 2% CeClg, 
and found complete precipitation of oxalate at 
pH 2*3 and upwards. It is evident that the condi- 
tions in this experiment have little connexion with 
those existing in a blood filtrate. Here the concen- 
tration of oxalate is many times lower, and the 
Ce salt is employed in 0*1% solution. 

It is unfortunate that our present Imowledge of 
the variation of blood oxalate in health and disease 
has been acquffed mainly by the methods of Merz 
& Maugeri [1931], of Suzuki [1934], and of Kamiya 
et al, [1937]. The defects inherent in these methods 
appear to be such that any published work in which 
they have been employed must be regarded with 
suspicion. 

There appears to be little doubt that the pro- 
cedure of Barber & Gallimore [1940] gives results 
of the correct order. However, tfieir figures should 
be regarded as representing the total oxalate de- 
rived from the blood, since the demonstration that 
their final precipitate consists of CaG204 does not 
necessarily imply that this quantity of oxalate is 
present in the original blood. 

SUMMARY 

1 . No evidence could be obtained to support the 
contention of Kamiya et aL [1937] and Merz & 
Maugeri [1931] that the oxalate content of blood is 
2-4 mg./lOO ml. 

2. The method of Barber & Gallimore [1940] for 
th© determination of oxalate in blood is confirmed, 
but the cjuantity of oxalate involved is too small to 
permit great accuracy of determination. It is not 
certain that all the oxalate found by this method 
pre-exists in the blood. 

It is a pleasure to thank Prof. E. C. Dodds for his 
interest in this work and for his helpful advice. 
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A New Technique for the Determination of Phosphorus 
by the Molybdenum Blue Method 

By W. I. M. HOLMAN, From the Rowett Institute, Aberdeen 

.#■ ■ ■ , 

{Received 11 Janumy 19 iS) 


Numerous methods are available for the colori- 
metric determination of phosphorus by motybdenum 
blue. A number of reducing agents have been 
applied, but no method can be regarded as entirely 
satisfactory. The methods using SnClg have the 
advantage of high sensitivity, but in general do not 
obey Beer's Law over a wide range, and the varia- 
tion in tint at different intensities is sufficient to 
cause difficulty in matching.* Bodansky^ [1932] cor- 
rected for the deviation from Beer’s Law in the 
method of Kiittner & Cohen [1927]. When absolute 
colour measurement is adopted difficulty is ex- 
perienced in controlling the colour development and 
in eliminating variation caused by instability of the 
colour with time and. with changes in room tem- 
peratui’e. In methods using other reducing agents 
these disadvantages are reduced, but the sensitivity 
is also diminished. The method of Fiske & Subbarow 
[1925] is probably the most popular and, even 
though the colour is not quite stable, Allen [1940] 
has found that a Pulfrieh photometer can be used 
for matclung. Probably the only method which 
gives a stable colour under conditions which are 
easy to control is that of Zinzadze [1935] using 
metallic Mo as the reducing agent. A recent review 
of methods is given by Woods & Alellon [1941]. 

Arising from an observation that El in acid 
solution is a suitable reducing agent for phospho- 
molybdic acid, a new method has been developed 
which lias none of the above disadvantages and is 


simple to operate. The range is 1-100^. P and, 
where applicable, it gives a higher degree of accu- 
racy than existing methods. The sensitivity is 
almost three times that of the Fiske -Subbarow 
method. Wu [1920] suggested the use of HI as a 
reducing agent for phosphomolybdic acid and de- 
vised a rough test. Berenblum & Chain [1938] used 
HI in a study of the mechanism of the reduction 
to Mo blue. 

Suitable conditions for reduction to Mo blue and 
for removal of liberated were determined, A 
temperature of 100° was found to be suitable for 
the development of the colour. The colour intensity 
increases with the *amount of molybdate used, but 
the ‘blank ’ colour increases in the same manner. 
The ‘ blank ’ can be reduced hy increasing the acidity 
or by using less reducing agent, but if the acidity 
is too high the colour fades after reaching its maxi- 
mum intensity at 100°* If too little reducing agent 
is present the colour is not stable. Suitable concen- 
trations of reagents were ascertained. NagSgOg 
cannot be used to remove the liberated Ig bwing to 
precipitation of S, but NagSOs was satisfactory. 
Only a small excess is permissible, otherwise it 
imparts a yellow colour to the solution. The HgSO^ 
and (NH 4 ) 2 Mo 04 must be added separately since a 
combined reagent gives a high and variable ‘blank 
The solution of KI keeps satisfactorily if it contains 
a small amount of NagCOg to prevent liberation of 
free HI. 
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METHODS 

Reagents 

(1) ION 

(2) 2*5 % ammonmm molybdate solution. Dissolve 25 g. 
(2^H4)2 Mo 04 in distiUed water by warming. Cool and dilute 
to 1 1. Preserve tbe solution under liquid paraffin to prevent 
diffusion into tlie air of the NHg liberated by salt hydrolysis. 
An aspirator bottle may be used, which has been fitted 
with a weU-greased tap at the base and the inside of which 
has been coated with a thin film of liquid paraffin, to 
prevent the solution wetting the sides. 

(3) 20 % KI solution. Dissolve 200 g. KI and 5 g. 
NagCOs in distilled -water and dilute to 1 1. The solution 
is stable for at least 3 months and probabh^ indefinitely. 

(4) 0‘5% Nu^SOq solution. Dissolve 1 g. ]S[a2S03.7H20 
in distilled w’ater and dilute to 200 ml. Prepare the solu- 
tion freshly each day. 

(5) Standard P solution. Prepare a stock solution con- 
taining 1 g. P/l. by dissolving 4-3885 g. pure dry KH2PO4 
in distilled water, adding 2 ml. concentrated H2SO4 as a 
preservative before diluting to 1 1. To prepare a working 
standard, dilute 5 ml. of the stock solution to 250 ml. with 
dis|jlied water. This solution contains 20 pg. P/ml. 

Procedure 

Transfer a sample containing l~100p-g. P to a 10 ml. 
volumetric flask or to a 25 ml. test tube provided with a 
stopper and marked at levels corresponding to exactly 
5 and 10 ml. If the solution is acid or alkaline add phenol- 
phthalein and neutralize with N/IO NaOH or N/IO HCl; 



jug. phosphorus 


Pig. 1. Typical calibration curve, using the 
Spekker photoelectric absorptiometer, 

then add HgO to give exactly 5 ml. Add 1 ml. 10 iV H2SO4, 
1 mi.' (iSrH4)2Mo04 and 1 ml. KI solution, in the order 
named and mixing the contents after each addition. 
Transfer to a briskly boiling water-bath, using an inverted 
specimen tube to cover the neck of the flask or tube. After 
exactly 15 min. transfer at once to cold running water. 
Replace the stopper. After cooling, add NagSOg from a 


burette, 0-1 ml. at a time, mixing after each addition, until 
■ all the hberated Ig has been, removed and the solution is a 
pure blue. The end-point is ve,ry sharp in day'iight or when 
a day fight lamp is used, .but yellow light obscures it 
somewhat. Then add 0-2 ml. ISTaaSO^ in excess. Make the 
volume to 10 ml. with, HgO and mix. Match the colour 
by means of a j^hotoelectric absorptiometer or a visual 
colorimeter. 

If a Spekker photoelectric absorptio,meter is used it is 
necessary to prepare a ‘ blank ’ ff o,m distilled water treating 
it in the .same way as the test solution. Place red glass 
filters (no. 1) in front of the two photocells and a 1 cm, 
glass cell containing the test solution in front of the right 
photocell. Set the drum to zero and bring the galvanometer 
reading to zero by adjusting the shutter aperture in front 
of the left photocell. Then place a 1 cm. glass cell con-, 
taining the ‘blank’ in front of the right photocell and 
again bring the galvanometer reading to zero by rotating 
the drum, while keepmg the shutter aperture constant. 
Record the drum reading. Switch off the lamp in the 
interval between each of a series of matchings to prevent 
fatigue in the photocells, but not in the interval between 
the two operations described above which comprise a single 
matching. To obtain a calibration ciirce from which the 
amount of P in the test solution can be read match a series 
of standards against the ‘ blank ’ and plot the drum readings 
against the corresponding amounts of P. The curve should 
be prepared by each worker for his own instrument and 
checked periodically. Colours giving drum readings greater 
than about 1 are too intense for accurate results to be 
obtained and, if 1 cm. glass cells are used, onl}^ the range 
l-30ju-g. P can be covered. 

, To cover the range 30-1 00 jag. P the colour must be 
diluted to one- third of its intensity if 1 cm. glass cells 
are to be used. After developing the colour remove the 
liberated I2 with 0-5 % KaaSOs and add 0*5 ml. in excess. 
Dilute to 30 ml. instead of 10 ml. and match against a 
‘blank’ prepared in the same way. A calibration curve 
using this procedure is shown in Fig. 1. 

If a visual colorimeter is used for matching dilution 
to 30 ml. is not required. It is necessar}^ however, to 
■ correct for the ‘ blank’ and for this reason a ‘ blank ’ and 
a standard containing 1 yg. P should be prepared. 
Match the ‘ blank ’ against the standard and calculate the 
amount of P to which its coioui* is equivalent as follows : 

■ ___ 5 

‘=-(a-6)’ 

where c=/i.g. P to which ‘blank’ is equivalent; 
a = length of column of ‘blank’; 5= length of column 
of 1 /xg. standard which matches a. 

Make the following correction for the ‘blank’ when 
calculating the result for the test: 


where x—yg. P present in test solution; j/ ==/xg. P 
present in standard; c=jug. P to which. ‘blank ’ is 
equivalent; u= length of column of .test solution; 
6= length of column of standard which matches a. 

DISCUSSIOIST 

Order of acouracy of the method 
The colour is stable, no difference in intensity being 
detectable when standards were kept up to 24 hr. 
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ill HtoppoF^d test tubes of when the teiiiperatiire. 

\'a.riod i'rorii 12 to S2^ After keeping for some 
fhiys tfir^ excess of NsgSOs gradually becomes 
uxidizcd luid furtlier L is liberated thus altering the 
c‘nl* nir. Suinll variations in the time of development 
of the coitmr at lOCh have little effect on the' in- 
tensity. The variations when the time was increased 
fir decreased by 5 min, are shovm in Table 1. The 
a\'erage error per min. of deviation from the 
st.andard time of 15 min. is 0-3 %. 

Table 1. Effect of time of heating on the 
development of the colour 


Time of 
heating 
mill. 

m 

10 

10 

15 

1,5 

15 

20 

20 

20 


P present 
^g- 
10 
50 
100'^ 
10 
50 
100 
10 
'50 

xoo 


P found 
Mg. 
9-7 

49- 2 
98-0 
10-0 
50«0 

100-0 

9-S 

50- 0 
lOl-O 


Error 

% 

-3*0 
-1-6 
- 2-0 
Hii 
■■ Nil 
Nil 
- 2-0 
Nil 
+ 1-0 


When a Spekker photoelectmc absorptiometer is 
used for matching, results accurate to within 2 % 
can be obtained for the range 3-100 pg. P. With 
special care the error may be reduced still further. 
Fig. 1 shows that the relationship between drum 
reading and amount of P is very nearly linear. 
Deviations from strict linearity are attributable to 
the photocells themselves as well as to the colour. 

When a visual colorimeter is used and a correc- 
tion is made for the ' blank ^ Beer’s Law is obeyed 
closely enough for reasonable accuracy to be ob- 
tained even when the test solution is widely different 
from the standard, A high degree of accuracy can 
be assured if each test solution is matched against 
a standard which does not differ from it by more 
than about 30 %. With less than 5 fig. P the colours 
are too weak for accurate matching, and the devia- 
tion from Beer’s Law is greatest in this region. 
Results for a series of standards containing widely 
different amounts of P are shown in Table 2. The 

Table 2. Order of accuracy with a visual colorimeter 


colours were , matched by means of, a Klett eolo,ri- 
meter, 

,„ Ap'jMcation of the method 

Salts likely to be present in solutions to be tested 
■ were included in standards in various . concentra- 
tions before development of the coloiu*. The maxi- 
mum amount which may be., present in the sample 
without affecting the colour was determined in each 
case (Table 3). 

Table 3. Maximum amounts of various salts which 
fnay be present without affecting the result 


Salt 

FeCb 

CaCb 

MgCk 

■NaCl 

Na^SO,! 

Na acetate 
Na trichloracetate 
Na citrate 


Maximum amount 
permissible (mg.) 
0-1 Fe+++ 

2 Ca+ + 

Mg+-i- 
Cl" 

SO,- 

CHaGOO" 
CCisCOO- 
OAOf 


40 

100 

10 

5 

100 

5 


These results were obtained when a single salt 
was present and do not necessarily apply to mix- 
tures of salts. Thus, a mixture consisting of the 
maximum amounts of all these salts was fomid to 
reduce the oolom* intensity by approximately 4%. 
It is therefore advisable, before applying the method 
to any particular type of solution, to make certain 
that the recovery of added P is complete, even 
though the amounts of salts present do not exceed 
the limits given in Table 3. 

Not more than a trace of Cu++ may Be present, 
owing to precipitation of Cul with liberation of Ig . 
The maximum amount which may be present was 
foxmd to be 200 pg, Cu++. 

Since As and Si produce a blue colour in the same 
way as P, the maximum amounts which may be 
present without affecting the test were determined 
and are for NagAsO, Ipg. As, and for waterglass 

lOpg. SiOg. 

The method is suitable for the analysis of HCl 
extracts of residues from dry ashing or NagCOg 
fusion. It cannot be used to distinguish between 
inorganic and organic P compounds. Several or- 
ganic P eompoimds were found to be hydrolysed 
under the conditions of the test. 


* This value was used to correct for the ‘blank’. 


SUMMARY 


A new technique has been developed for the deter- 
mination of phosphorus by molybdenum blue, using 
potassium iodide as reduciiig agent. The range of 
the method is 1-100 yg. P. The colour is stable and 
obeys Beer’s Law closely if a correction is made for 
the faint colour present in the ‘blank’. 


The author wishes to express his thanks to Br J. Duck- 
worth, of the Kowett Institute, for his valuable advice 
and criticism. 


30-0 

30-0 


9-84 

10*16 


-16 

-fl-6 


6-7 

10-0 


30-0 

5-1 


50-7 

50-2" 


4-1*4 

4-04 


300 

10-0 


98- 6 

99- 7 


-14 

-0-3 


P found 

/xg. 

Test 

1.7=^-\ 


Error 

% 


P present 
Mg- 

. A . . 


Relative lengths 
of columns 


Test Standard Test 
‘Plank’ 1 40*0 


Standard 

25-0 
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Oxidizing Enzymes and Vitamin C in Tomatoes 

By F. WOKEb and JOAIST G. AM, From Ovaltine Research Laboratories, King'^s Langley, Herts 

(Received 18 January 1943) 


Sixteen years ago YVillimott & Wokes [1926 a, h, c] 
studied the occurrence of oxidizing enzymes and 
vitamin C in the peel and juice of citrus fruits. The 
enzymes wQve found to be present in highest con- 
centration in the rind. When lemon rind was being 
assayed for vitamin C, in order to avoid destruction 
of the vitamin by these enz;^niies, the rind was cut 
into small pieces after removal, weighed, and mixed 
with 90% ethanol to prepare a tincture for ad- 
ministration to guinea-pigs. This tincture failed to 
prevent scurvy when administered as the sole source 
of vitamin C in daily doses equivalent to 0-5~l g. 
of the rind, although the onset of symptoms was 
slower than in negative controls, so lemon rind was 
assumed to contain only slight amounts of the 
vitamin as compared with the juice, which has a 
considerable amount. 

Later, when a satisfactory chemical test for 
vitamin C had become available, this was applied 
by Bacharach, Cook & Smith [1934] to orange and 
lemon rinds. Orange rind, which Willimott &> 
Wokes [1926 c] had reported to contain only mode- 
rate amounts of the vitamin, was found to contain 
a concentration of vitamin C several times that of 
the juice, whilst lemon rind also contained more 
than lemon j nice. Bacharach et al. [19 34] suggested 
that the discrepancy between their results and those 
of Willimott & Wokes might be due to loss of 
vitanain during preparation of the tincture, but 
made no reference to the oxidizing enzymes. 
W^illimott & Wokes had dtawn attention to these 
enzymes, but assumed that the use of 90 % ethanol, 
in which the enzymes would not be soluble, would 
prevent their destroying the vitamin. Only within 
the last few months has it been realized that when 
these enzymes are set free by mincing the tissues 
a considerable amount of the vitamin may be 
destroyed in a few minutes. 

In the interval between the appearance of the papers of ^ 
Willimott & Wokes [1926 a, 6, c] and that of Bacharach 
et al [1934] Szent-Gyorgyi [1931] showed that his ‘ hexuronic 
acid’ was rapidly destroyed by an oxidizing enzyme when 
the inner leaves of cabbage w'ere minced. Qualitative tests 


indicated that most of the ‘ hexuronic ’ acid had disappeared 
within 5 min. of completion of mincing. The enzyme was 
named hexoxidase because it attacked hexuronic acid, but 
since the latter is now known as ascorbic acid the enzyme 
is now known as ascorbic acid oxidase. 

Kohman, Eddy & Gurin [1931] reported that minced 
carrots lost much of their antiscorbutic activity on standing 
in air for 1 hr., but biological assays did not prove suitable 
for investigating this problem. Zilva [1934], using both 
biological and chemical methods, show’ed that apple juice 
contains an enzyme which destro^^s the vitamin C in lemon 
juice, approximately 84% being lost at pH 4-4 and 57 % at 
pH 3'0, both in 6 hr. at room temperature, and that, as might 
have been deduced from the findings of Willimott & Wokes, 
the juice is a less potent source of the enzyme than the peel. 
However, during the following 8 years most workers on 
this enzyme neglected fruit and concentrated on vegetables. 
Thus Ahmad [1935] showed by chemical assays that 11 % 
of the vitamin C in karela was lost in 10 min. and 17 % in 
20 min. when this common Indian vegetable was shredded. 
McHenry & Graham [1935] obtained similar resxilts with 
shredded turnips, parsnips and cauliflower. Tauber, Kleiner 
& Mishkind [1935] found the enzyme in Gucurbita maxima 
and named it ascorbic acid oxidase. Hopkins Morgan 
[1936] extracted the enzyme from cauliflower florets and 
showed that the enzyme extract would destroy about 70% 
of added ascorbic acid in 5 min. at pH 6 and 18°. It was 
apparent from thek results that if the ratio of enzyme to 
ascorbic acid had been similar to that which occurs naturally 
even more rapid destruction of the vitamin w'ouid have 
occurred. Kertesz, Dearborn & Mack [1936] showed that 
when cabbage was ground "with an equal weight of water it 
lost about 97 % of its ascorbic acid content in 1 hr. and 
reported similar results with other vegetables. Johnson & 
Zilva [1937] expressed the juice from frozen cabbage, cauli- 
flower, cucumber and marrow but found that the destruc- 
tion in 1 hr. of ascorbic acid added to cauliflower juice was 
only 33 % at pH 5 and 35 % at pH 7, much slower than 
the rate found by Hopkins & Morgan [1936]. They con- 
firmed ''Hopkins & Morgan’s findings, however, that the 
optimum pH for the enzyme is about 6, and show'ed that 
at pH 3-0 the activity was very slight, but at pH 9*0 still 
fairly pronounced. Stone [1937] minced vegetables con- 
taining vitamin C, and showed that in cabbage juice a loss 
of 98% of free ascorbic acid and about 63% of total 
ascorbic acid ocoiirred in 5 min. Like Kertesz et al [1936] 
he found that the rate of destruction in spinach was much 
slower. Lampitt & Baker [1942] observed that when orange 


1943 



201 > F. WOKES AND J. G. ORGAN 


pt of wan ininocd aii«i allowed to stand, 17% of the ascorbic 
id uas d<’-lru>cfl jii 3 lin and over 90% in 22 iir. Similar 
rc-tili^ \u*}e obt.iincd with ea..bbage. The destruction of the 
vitfjitiio attributed to an oxidase. Pyke [1942] showed 
iliJit the rate of destruction was increased by dividing the 
more, finely and thus liberating the enzyme sooner. 
Jn tiiK'iy shreddtfl cabbage as much as 32% of the vitamin 
was destnyed in d min., but in swedes the rate of destruc- 
tion iowau’. Lampitt, Baker & Parkinson [1942] con- 
firijied and extended l*yke’s results, finding a 40% loss in 
I win. au«i a 90 loss in 7 min. Wokes & Organ [1942] 
fbiiiui .similar los.se.s in minced green tomatoes. 

EXPERIMENTAL 

Ascorbic acid oxidase apjiears to be in highest 

concentration in y:reen vegetables and in the skin of fruits. 
Mbihara [1938] reached the same conclusion. We selected 
tomatoes for our experiments, obtaining them from three 
sources: King's Langley (outdoor), Elstree (greenhouse), 
Wihnslo\v% Ghe.shire (outdoor and greenhouse). Vitamin C 
was e.stimatcsl by the dye micro-titration method as de- 
veloper i by Harris & Oiliver [1942], using precautions 
described hdow. fsomc results on coloured solutions wme 
cheeked by the potentiometiic method of Harris, Hapson 
& W’ang [1942]. Tests for oxidizing enzymes w'ere applied 
as descrilKHi by Wiliimott & Wokes [19266] both to the 
tissues themselves, and to aqueous extracts prepared by 
grinding the ti.ssues in a glass mortar with a special fine 
grade of quartz sarid made by Mr A, L. Curtis of Chatteris. 
pH determinations were made with the glass electrode. 

Oxidizing enzymes and pi/ 

In unripe tomatoes oxidizing enzymes occur in the 
highest concentration in the .skin; the flesh and seeds con- 
tain less, and the juice \ ery little. In ripe tomatoes the 
coiieentratioii,s ap])ear to be similar to those in imripe 
tomatoes, but slightly lower. 

The pB of the skin of unripe tomatoes was found to be 
high, ranging from S*5 to 9*6 in samples examined within 
a few tlays of picking. When green tomatoes are kept for 
se\"eral weeks the pH of tiie skin may, under certain con- 
ditions, fall slightly, but if ripening proceeds normally the 
•skin .seems always to remain alkaline. In making jpH de- 
tei‘miiiation.s on the skin of ripe tomatoes it is important 
to remove all the flesh, w’hicli is acid. 

Tiio Juice of tomatoe.s appears always to be acid. That 
of imripe toimLtoe.s ranged from pH 3*9 to 5*0 (average 4*4), 
and of ri})c tomatijes from pH 4-2 to 4*5. In the flesh the 
reaction changes from alkaline to acid during ripening. In 
firm green unripe tomatoes the pH of the flesh ranges from 
8-4 to 9-0. When such tomatoes are ripened after picking 
either in the dark or in the light the pH gradually falls to 
between 4*6 and 5-5, a range similar to that of the flesh of 
tomatoes ripened on the plant. 

These findings suggested that the rate of destruction of 
vitamin C by ascorbic acid oxidase would be most rapid 
in the skin, where the concentration of oxidase is highest 
and the pH most favourable, and slowest in the Juice, where 
the reverse conditions prevail When whole tomatoes are 
minced the pH of the mince depends largely on that of the 
flesh. Since the flesh is alkaline in unripe, and acid in 
ripe tomatoes, the rate of destruction of the vitamin in 
minced whole tomatoes should be more rapid in the urtripe. 
These suppositions have been verified. 


Rate of destruction of ascorbic acid in 
different parts of the tomato 

The precautions adopted are as follows: the skin was 
removed in small pieces -with a stainless steel knife from 
four green tomatoes , of similar weight and from the same 
source. Each piece was immediately either immersed in a 
treshly prepared solution of HPO 3 contammg 25 g./lOO ml. 
in a tared weighing bottle or alternately in one of two 
empty weighing bottles labelled respectively ‘control’ and 
‘experimentar. The three bottles were weighed to deter- 
mine the amount of skin in each; the skin from one of the 
em|)ty weighing bottles was transferred quantitatively to 
a glass mortar with quartz sand and distilled water. At a 
given time grinding was begun, and it was continued for 
the required time, say 5 min., further quartz and water 
being added as necessary. Exactly 5 min. after grinding 
commenced HPO 3 solution was added to stop the action 
of the oxidase; the contents of the mortar vrere pressed 
through muslin; the mass w^as returned to the mortar and 
extracted twice more with acid and water, and the com- 
bined extracts and washings made up to 100 ml. At the 
start of the grinding HPO3 solution had been added to the 
control. The contents of the control bottle and of the bottle 
which initially contained acid were extracted in the same 
way, each being made up to 50 ml. and the ascorbic acid 
content determined. The concentration of ascorbic acid in 
the skin of the control was assumed to be the same as that 
in the experimental skin when grinding commenced. This 
procedure is necessary because with skin an appreciable 
amount of ascorbic acid may be lost merely on standing, 
through the action of oxidase liberated when the skin is 
removed. In the above experiment 19% of the initial 
ascorbic acid was lost , in the skin whilst standing for 
30 min. Of the remainder, 98 % of the free ascorbic acid 
and 95% of the total ascorbic acid were destroyed during 
the 5 min. grinding. 

There are several possible sources of error in this tech- 
nique, but consistent results w^ere obtained in a series of 
26 experiments, summarized in Table 1. The rate of de- 

Tabie 1. ReCte of destruction of vitamin G by oxidase 
liberated on grinding different parts of tomatoes 
with quartz sand 


Period Skin- Elesh Whole 


Kji. r 




/ 


r 


grinding Unripe 

Ripe 

Unripe 

Ripe 

Unripe 

Ripe 

min. 

0/ 

/o 

% 

0 / 

/o 

% 

0/ 

/o 

0/ 

/o 

1 

67 

47, 50 

— 

_ 

_ 

— ■ 

2, 

69 

76 

38 

26 

26, 28 

■ _ ■ ■ 

3 

84 

- — , 


~ 

6 

■ 5 ■■ 

%S 

99 

, 



27 

10 


,, — . 

64 

48 



,,.12 

■" ■ 


Juice 

■: _ 

29 

15 


, •, . ' 

64 

__ ,, 

: ." 95 :::,. 

33 

20 

' . . , „ 

"" _ 

■■ — 

19 L : 

■ ■ „ 

__ 

30 

60 

120 






37 




14 


71 

20 hr. 

— 

— 




95 


The results represent percentage of vitamin C destroyed 
by grinding for the given time. 

All results obtained on the juice and whole tomato in- 
cluded seeds except the 120 mm. sample of ripe juice. 
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straction was , most rapid ' in' the skin and slowest in the 
juice. When the seeds were removed from the juice before 
grinding the rate of destruction of the vitamin was still 
further reduced because of the removal of the seed oxidase. 
When whole tomatoes were ground with quartz sand or 
minced, the rate of destruction w-as more rapid in unripe 
tomatoes, and intermediate between that for the skin and 
that for the Juice. Moreover, w- hen green tomatoes were 
sliced the rate of destruction of the vitamin decreased as 
the slices were cut coarser [Wokes & Organ, 1942]. All 
these findings suggest that the rate of destruction of the 
vitamin depends on the concentration of oxidase iit the 
tissues and the rate at which this is liberated by mechanical 
disruption of the cells. 

When weighed amounts of skin were ground with quartz 
and a known amount of ascorbic acid in phthalate biifier 
at pH 4 the rate of destruction of the ascorbic acid became 
slower as the ratio of oxidase to ascorbic acid was decreased. 
When the relation between the oxidase and the ascorbic 
acid was such as would occur when the skin of a tomato 
was ground with the whole of the flesh and Juice, the rate 
of destruction was similar to that found when grinding 
whole ripe tomatoes (e.g. 20% destroyed in 5 min., 45% 
in 30 min,). This was further confirmation of the validity 
of the above theory. 

SamqMng of tomatoes 

It the pieces of tomato are too large and skin is present, 
there may be destruction of the vitamin inside the tissue 
before the acid can reach and inactivate the enzyme. We 
used samples of 3-10 g. for whole tomatoes or their flesh, 
and 0-5-3 g, for the skin. These samples were cut up into 
small pieces under HPO3 solution, using a stainless steel 
knife, and then ground with the quartz sand. Since only 
a portion of the tomato is used for each assay this raises 
the question of sampling. As will be seen later, the con- 
centration of vitamin C may vary by several hundred % 
in different parts of the same tomato. The accuracy of our 
sampling procedure was tested by analysis of replicate 
samples, and determining the percentage standard devia- 
tion or coefficient of variation of a single assay result. The 
average results thus obtained on over a hundred samples 
are summarized in Table 2. Apart from the incubated 

Table 2. Sampling errors in vitamin C 
esthnations on tomatoes 

Coefficient of variation for the 
estimation of vitamin C 
in a single sample 

Part of fruit , ^ 

assayed Unripe Ripe Incubated 

Whole 5-8 5-1 8-8 

Skin 3-1 3-6 7-2 

Flesh and Juice 8-2 7-8 — 

tomatoes, the results from which are subject to special 
errors to be considered later, these results indicate that in 
sampling whole tomatoes our average coefficient of varia- 
tion for the mean of two assays was about 4. When com. 
paring results on the same tomato we therefore considered 
a difference of 8% significant (p=0-95). Very little in- 
formation is available regarding the sampling error when 
estimatmg vitamin C. Oiiiver [1938] quotes results on 
duplicate samples of strawberries giving coefficients of 
variation of 6*1 for unrii^e and 2-9 for ripe red fruit, which 
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are ■ of ■ the , same o.rder -as oiir own sampling errors for 

tomatoes. 

We also considered how much of the so-called sampling 
errors might be due to titration errors. At least foiir titra- 
tions were done on each sample, t.he end, -point usually, 
being checked by two observers,. Prom the results of many 
hund.reds of titrations -we concluded that differences .be- 
tween two assay results due to titration errors .would be 
not more than 2 % When titrating extracts of ripe tomato 
skin we removed the pink colour by , centrifuging. The 
visual results were also checked by parallel dete-rminatioiis 
on different samples by the potentioroetric method of 
Harris et al. [1942], which gave results agreeing closely 
with visual results, the average coefficient of variation 
between the two methods being 1*7 in assays on 12 samples. 

RESULTS 

Concentration of vitamin C in different 
parts of the tomato 

Our results (Tables 3 and 4) for the estimation of 
ascorbic acid in the different parts of the flesh, and 

Table 3. Vitamm C concentration in different 
parts of ripe tomatoes 


Wt. 

Ascorbic acid ( 

mg./lOO 

g.) 

Distri- 

bution 

ratio 


r 




(skin^ 

g- 

Whole 

Skin 

Flesh 

Juice 

whole) 

35-4 

13-7 

37*9 

— 

— 

■ 2-76 

36*2 

15*2 

30-0 

— • 

_ 

1-97 

40*6 

17-6 

30*1 

14-9 

10*7 

1-70 

44*8 

17-9 

62-4=*' 

— 

— 

— 

55*9 

17-3 

25-6 

— 

— ., 

1-48 

56*9 

16*0 

36*2 

11-0 

16*9 

2^26 

61*5 

19*2 

42*6 


■■ — 

2-22 ^ 

63*0 

19-5 

42-2 

— 

— 

2-16 

76*6 

18*7 

42*7 

14-1 

12-6 

2-28 

83*4 

— 

29*4 

— 

18-2 


Mean 

16*9 

35-2 

13*3 

14-6 

2-10 

s.i). of mean 

1*9 

6-6 

— 


0-39 

Coefficient of 
variation 

11*5 

18-7 


— 

18*6 


* This skin was cut Off more finely than usual, and the 
result is not included in the mean. 


Table 4. Vitamin G concentration in different 
parts of unripe tomatoes 

Distri- 

bution 


Wt. 

Ascorbic acid (mg./iOO g.) 

ratio 

(skin/ 

g* 

Whole 

Skin 

Flesh 

Juice 

whole) 

6-9 

12-0 

23-9 



■_ 

1-99 

7-8 

12-9 

20*2 

— 

— 

1-58 

30-5 

10-6 

18-3 

li-9 

8*5 

1-83 

52-2 

23-4 ■ 

50-0 


■ ' — 

2-14 

53-3 

13*4 

23-1 


^ ■ ■ ■' ■■ 

1-72 

58-2 

14-9 

23-0 

' — ■ 


1-54 

58-6 

15-5 

33-9 

8-3 

17-7 

2-16 

59-0 

18-1 

34-0 


, — ^ 

1-88 

Mean 

15-0 

.28-3 

10-1 

13-1 

1-86 

s.D. of mean 

4-1 

10-5 


— 

0-23 

Coefficient of 

27-3 

37-1 



. 12-4 


variation 
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in tl'io juice, «:>f ripe and of unripe tomatoes, are, we 
belie\'0, on the basis of our experiments described 
above, free from errors resulting from oxidase de- 
striietiorf of i.he vitamins during the separation of 
the difha*eut tissues. 

Iliere were wide variations fi‘om- one tomato to 
amother iind the eoeffieients of variation were much 
greater t'han tliose given in Table 2, showing that 
the variation in vitamin C content of different 
tomatoes was not due to sampling errors. Never- 
tlieiess, in any given tomato the concentration of 
viTurnin C in the skin was always definitely greater 
than tiiat in. the whole fruit. The distribution ratio 
(ratio of concentration in skin to that in the whole 
fruit) ranged from 1*48 to 2*76 {mean 2*10) in ripe 
tomatoes and from T 54 to 2*16 (mean 1*86) in un- 
ripe tomatoes. The coefficients of variation showed 
that in unripe tomatoes there w*as much less varia- 
tion iu this distribution ratio for the sldn than m 
the individual figures for skin and for whole fruit, 
showing that the factors affecting the vitamin C 
content of the skin also affected that of the whole 
fruit. Our data (Table 3) on ripe tomatoes did not 
show this so clearly, possibly because of variations 
in the conditions of ripening, of which more will 
bo said later. 

Only a few' samples of flesh and juice were 
examined. Tlie vitamin C concentration in these 
is alwmys much less than in the skin. The mean 
distribution ratios did not show any significant 
difference in vitamin C concentration between the 
flesh, juice or whole fruit. There was also no signi- 
flcant differenee between the vitamin C concentra- 
tions in different parts of the flesh. On the other 
hand, the seeds both of ripe and uniipe tomatoes 
contain a much lower concentration of the vitamin 
than the whole fruit. We were not able to estimate 
tlie vitamin C accurately in the seeds of a single 
tomato, the estimation of which is required in order 
to calculate individual distribution ratios, but data 
obtained on pooled samples from a number of 
tomatoes indicated thatThe mean distribution ratio 
for seeds is about 0*2, As the seeds form only about 
1 % of the total weight of the fruit their contribu- 
tion to its \'itamin C value is insignificant. 

Table 5. Mean distribution ratios for vitamin G 
concentralioris in different parts of tomatoes 

Distribution ratios 



n t. of part 

ITnripe 

> 


% of whole 

Bipe 

Skin 

3—4 

1-86 

210 

Ifiesh 

Juice 

1 95-96/ 

0- 87 

1- 00 

0*76 

0-78 

Seeds 

1 ^ 

0*2 

0'2 


Distribution ratio for any given part represents concen- 
tration of vitamin C in that part divided by the concen- 
tration in the whole tomato from which the part was taken. 
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III Table 5 are given the mean distribution ratios 
for vitamin 'C in different parts of the tomato. 
These show a steady drop in the concentration of 
the vitamin as one proceeds from the skin inwards. 
The concentration in the skin is 2 or 3 times that 
in the flesh and juice,' and about 10 times that in 
the seeds. This applies equally to unripe and ripe 
fruit. 

Factors affecting vitamin G content of tomatoes 

(a) Weight and polyploidy, KSince the concentra- 
tion of vitamin C in the skin is 2 or 3 times that in 
the flesh and juice, and since the proportion of skin 
to total weight of fruit decreases as tomatoes be- 
come larger, the concentration in the whole fruit 
should diminish as tomatoes became larger. This 
was predicted by McHenry & Graham [1935] who 
suggested that it would explain why Sansome & 
Zilva [1933] had found a higher concentration of 
vitamin C in tetraploids than in diploids, the former 
being on the average smaller than the latter. 
Sansome & Zilva [1936] gave fui*ther data sup- 
porting theh previous findings in regard to poly- 
ploidy and its effect on the vitamin C content, and 
did not accept the suggestion of McHemy & Graham 
that the weight of the tomatoes might be a deciding 
factor. None of these wwkers, however, gave the 
data for the relative concentrations of the vitamin 
in the skin and other parts of the tomato which 
were essential to test the validity of the argument. 
Rudra [1936] foimd 57 mg./ 100 g. in the skin of 
Indian tomatoes, but as the flesh of these tomatoes 
contained 39 mg./lOO g., much more than was found 
in British tomatoes either by Sansome & Zilva or by 
ourselves, Rudra ’s results are not applicable to the 
problem of polyploidy. 

We found that in tomatoes weighing not less than 
20 g. the skin consisted of less than 4, and usually 
less than 3 % , of the total weight. If the concentra- 
tion of vitamin C in the skin is 3 times that in the 
flesh or juice, an increase from 3 to 6% in the 
proportion of skin would cause an increase of only 
6% in the concentration of the vitamin in the 
whole fruit (i.e. the concentration in the latter case 
would be 106 % of that for the former). . 

The difference hi vitamin concentration between 
diploids and tetraploids observed by Sansome & 
Zilva [1933] was about 68 %, i.e. average content 
for diploids 22mg./100g. and for tetraploids 
37 mg./lOO g. This was a much gi^eater value than 
the 6 % which we calculate would be produced by 
doubling the proportion of skin. Actualiy the pro- 
portion of skin in Sansome & Zilva’s tetraploids 
(mean wt. 13 g.) would be less than twice that in 
their diploids (mean wt. 42 g.). We therefore con- 
sider that the variation in weight in Sansome & 
Zilva’s tomatoes made no significant difference to 
their conclusions regarding polyploidy. 
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The results of estimations on 29 unripe and 20 ripe 
diploid tomatoes ail grown under the same conditions are 
summarized in Table 6/’and show that in unripe tomatoes 


Table 6. Vitamin G concentration in tomatoes 
of different weights 





Vitamin C (mg./lOO g.) 


Range 

Mean , ^ ^ — - — 

A. 

^ 

Ko. of 

in wt. 

wt. 



s.r>. of 

samples 

g* 

g- 

Range 

Mean 

mean 




Unripe 



5 

0*3-11 

6*6 10-6-33-3 

25*0 

4*0 

5 

18 -26 

22 

12*6-28*8 

21*2 

2*8 

9 

30 -47 

39 

10*5-20*7 

15*1\ 


10 

50 ~87^.■' 

62 

13*1-27*3 . 

17*7/ 

1*5 




Ripe 



20. . 

36 -83 

o2 

11*2-21*4 

16*7 

0*9 


weighing 0-3-11 g. the average concentration of vitamin 0 
was about 34% higher than in unripe tomatoes w^eighing 
30-87 g. Howevei’, the difference w'as scarcely significant 
because of the wide variation in vitamin C content between 
tomatoes of similar weights. Hence, in order to obtain a 
conclusive answer regarding the effect of polyploid}^ on 
vitamin G concentration it will be necessary to control 
other factors affecting the vitamin content in order to 
reduce the variations we have disclosed. The importance 
of these factors was recognized by Sansome & Zilva [1936] 
in a further examination of the problem. We might add 
that when examining another series of diploid tomatoes 
grown in a greenhouse at Bushey we found no significant 
difference in vitamin C concentration for a weight range of 
7-59 g., and we are inclined to think that the difference of 
34% observed in our King’s Langley tomatoes was rather 
above the average. 

(6) Conditions of ripening. We were not able4o 
find a significant difference in mean vitamin C con- 
centration between unripe and ripe tomatoes. Thus 
21 unripe tomatoes weighing 18-87 g, (average 
41*2 g.) had an average content of 17*1 mg./lOO g. 
as compared with an average of 17*5 in 15 ripe 
tomatoes weighing 41-77 g. and averaging 51*7 g. 
These tomatoes were all grown under the same 
conditions. Green tomatoes collected from the same 
plant growing out of doors at King’s Langley were 
divided into three balanced sets of ten. One set 
was ripened in sunlight, the second in the dark at 
room temperature, and the third in an incubator 
at 37°. As Ihe tomatoes became ripe they were 
assayed for their vitamin C content with the precau- 
tions suggested above. Table 7 shows that the vita- 
min G content of those ripened in sunshine averaged 
17*7 mg./lOO g. (similar to tornatoes ripened on the 
plant) ; that those ripened in the dark averaged only 
12*9, and that those ripened in the incubator 
averaged only 8-5. Also the tomatoes ripened in 
simshine tended to increase in vitamin content as 
ripening was prolonged, while those in the dark 
showed a gradual loss of vitamin after the first 
few weeks, especially at 37°. 
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Table 7. Effect of sunlight and heat on vitamin G 
content of ripening tomatoes 

mg. ascorbic acid/100 g. tomato 
Coiiditioiis of ripening 

Period of ^ — ^ — — - — ^ 


pening 

In ‘sunlight’ at 

I.n dark at 

111 dark at 

days 

room tenip. , 

room temp. 

' 37° 

2 

— 

_ 

IM 

6 • 


— 

12*7 

8 

11*4 

— 

10*0 

11 

— 

12*7 


14 

16*0 

17*6 

13*4 

20 

18*7 

14*6 

8*4, 

20 

— 

17*3 

— . 

22 

— 

15*4 

— 

22 

17*6 

11*2 

— , 

27 

17*9 

8*8 

6*2 

28 

1.9*2 

12*1 . 

, — 

31 

14*9 

— 

6*5 

32 

13*4 

— 

6*4 

35 

19*5 

10*3 


37 


9*4 

— 

42 

28*5 

■— 

2*3 

Mean 

17*7 

12*9 

8*5 


Results are aU calculated on initial weights of tomatoes 
{i.e. at beginning of ripening period). During this period 
there were gradual losses in weight, especially in the 
tomatoes ripened at 37°, in which the loss reached 30% 
after 4 weeks. 

Since these results indicated that exposure to sunlight 
affects the vitamin C content we tried the effect of exposing 
tomatoes to ultra-violet light during ripening. Green toma- 
toes from King’s Langley were irradiated daily by exposure 
to a mercury vapour lamp at a distance of 1 ft. This pro- 
vided no appreciable amount of radiation below 250 m/a 
and we do not think it was destroying any of the vitamin. 
In order to diminish the heating effect, the lamp was 
switched off for a few minutes every 10 or 15 min. The 
total amount of irradiation was 1 hr. on the first day, 
gradually increasing to 2 hr. on subsequent days. Unfortu- 
nately the irradiation did not produce normal ripening, 
the skins becoming deeply wrinkled and the flesh being 
softer than usual. The mean vitamin C content in the 
tomatoes after 4-7 days’ irradiation was 16*9 mg./ 100 g., 
no evidence being obtained of an increase in vitamin con- 
tent. Brown & Moser [1941] found the concentration of 
vitamin C in tomatoes grown in greenhouses to be only 
half that of tomatoes grown out of doors. Our data support 
these findings: five grown in the open had an average 
content of 15*2 mg./ 100 g. as compared with 12*6 for five 
grown in a greenhouse. The number of samples examined 
was, however, not large enough to make this difference 
significant. 

While exposure to sunlight may increase the vitamin 0 
content of tomatoes, we attribute some at least of the low 
results we obtained on tomatoes kept in the dark for 
5-7 weeks to enzyme action. These tomatoes showed a 
softening of the flesh immediately beneath the skin which 
probably allowed the ascorbic acid oxidase to gain access 
to the juice. Other workers have reported increases in 
vitamin C content when tomatoes were ripened to a soft 
condition in sunlight, but our degree of softening was 
probably greater. A tomato which had been ripening in 
the sunlight Tor 7 weeks had a slight bruise extending from 
just beneath the skin towards the centre. When taking 
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.sample's WG avoick’tl the- parfcji ftud o'tir two samples 

gave rvHiilis of 1^7-4 and 29*5 mg./ 100 g. Two further 
saiiiples taken frHiii parts in contact with the bruise, but 
iiof iiirliidiii." h, gave results of 11*3^ and 14*5. In our 
ofunion tliu^e results indicate the possibility of a rapid loss 
of vitamin C in Ijriiised tomatoes by the penetration of the 
oxjdasi' into the juice. The tomato appeared perfectly 
normal apart fmisi the braise, 

DISCUSSION 

Ai though toma.toes are not the richest natural 
source of vitamin G they possess advantages over 
the green leafy vegetables and small fruits such as 
blackcurrants and rose hips in studies relating to 
this vitamin. One of the fnost pressing problems, 
as pciinted oixt by Bacharach et aL [1934], is to 
explain the wide variations in vitamin C content 
found in different samples of a given fruit or vege- 
table. Bacharach [1934] worked with citrus 
fruits, big enough to permit the different tissues to 
be examined separately, so that the distribution of 
the vitamin could be studied. If Bacharach et al. 
[1934] had correlated their results with the previous 
findings of Willimott & Wokes on pH and oxidases 
in citrus fruits, they would not only have explained 
the low^ results obtained by Willimott & Wokes for 
vitamin 0 in citrus peels, but also have provided 
information of general interest on vitamin C in 
relation to ascorbic acid oxidase. During the pre- 
sent shortage of citrus fruits in this country toma- 
toes form an excellent alternative for investigation. 
We were able to study the occurrence of vitamin C 
and ascorbic acid oxidase in different tissues, and 
to evaluate errors due to sampling and other causes. 
Lack of such knowledge must affect the validity of 
conclusions drawn by previous workers. 

In the short season during which home-grown 
tomatoes are available conclusive evidence could 
not be obtained on all the points we investigated. 
The effect of Tveight and polyploidy on vitamin 0 
concentration w^as left uncertain. Our failure to 
confirm the findings of Brown & Moser [1941] that 
tomatoes ripened out of doors contain twice as 
much vitamin C as those ripened in a greenhouse 
was perhaps due to the vagaries of the British 
climate, for we have little doubt that our out-of- 
door ripened tomatoes received much less sunshine 
than those of Brown & Moser, This lack of sunshine 
may explain wdiy our tomatoes contained less vita- 
min C than other vrorkers hax-e found in tomatoes 
grown in -warmer climates. The only other results 
^¥0 could find for British grown tomatoes were 
those of Sansome & Zilva ^933], whose average 
figure of 22 rng./iOO g, fo|: diploids was higher than 
our figures of 15-18, but lower than McHenry’s 
[1935] figures of 18-36 for Canadian tomatoes, and 
consideral)fy lower than the figine of 39 obtained 
by Rudra [1936] for Indian tomatoes. 


In rose hips Melville & Pyke, [1942] fomid very 
much higher concentrations of vitamin C in species 
native to the north of England and Scotland than 
^ ill those of the south of England. Their findings, 
w^hich were obtained, on a large number of small 
samples, liave been confirmed on large-scale samples 
comprising several tons, of hips by Wokes, Johnson, 
Duncan, Organ & Jacoby [1942], and in other un- 
piiblished results. Sabaiitschka & Priem [1941] re- 
ported that hips growing on the north side of a 
bush contained more vitamin C than those growing 
on the south side of the same bush. Ail these 
findings suggest that the effect of simshine on 
vitamin G formation in plants needs to be con- 
sidered. 

The effect of oxidizing enzymes on vitamin C also 
merits tether investigation. Our results show that 
if this is not aliow^ed for there may be serious losses 
of the vitamin. We have provided some evidence 
that •\\dieii tomatoes are ripened and stored under 
conditions te^'ouring enzyme action the oxidase 
may destroy much of the vitamin. On the other 
hand, the highest concentrations of vitamin C are 
usually found in tissues containing the largest 
amounts of oxidase, suggestingjhat under certain 
conditions the action of the oxidase may be re- 
versed, and sjmthesis of vitamin C take place. In 
this coimexion our findings on the occurrence of 
oxidase in tomato seeds are of interest, since the 
seeds when examined contained no significant 
amount of vitamin C, but the latter could be formed 
by germinating the seeds in the dark. 

In our opinion exposure to sunshine and contact 
with ascorbic acid oxidase will prove to be of much 
gi'eater importance than factors such as polyploidy 
in determining the vitamin C value of foods. 

SUMMARY 

1. Oxidizing enz;^Tiies occur in highest concen- 
tration in the skin of both ripe and unripe tomatoes. 
The flesh and seeds contain less enzyme and the 
juice practically none. 

2 . The skin is markedly alkaline (pH 8-0-9-6) in 
both ripe and unripe tomatoes. The reaction of the 
flesh changes from the alkaline (pH 8*4-9*0) to the 
acid (pH 4' 6-5* 6 ) side during ripening. The juice 
appears always to be acid (pH 3*9--5*0). 

3. When oxidase is set free by mechanical dis- 
ruption of the tissues it destroys vitamin C. The 
ra,te of destruction is most rapid in the unripe skin, 
(e.g. 67% destroyed in 1 min.), less rapid in the 
flesh and slowest in the juice, paralleling the oxidase 
concentration and pH in these tissues. 

4. The distribution of vitamin C usually runs 
parallel with the oxidase concentration, being 2 or 
3 times higher in the skin than in the juice or flesh. 
The higher concentration of oxidase but lower con- 
centration of vitamin C in the seeds may be related 
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to the fact that vitamiii' C can.be produced in the 
seeds by germination. 

5. Because of the variatio.n in vitamin C eoncen-. 

tration in different tissues and the action of oxidase 
during dissection, the sampling error . is consider- 
ably higher than the normal titration error, and if 
this is not taken into account it may seriously affect 
the res'ults. ' 

6. Very small tomatoes may, because of the 
higher proportion of skin, contain higher concen- 
trations of vitamin C, but the differences found in 
tomatoes grown under the same conditions were not 
large enough to discredit the findings of Sansome & 


■ Zilva on polj^loidy, as McHenry & ' Graham had 

suggested. 

7. "Exposure to sunshine during ripenin.g may 
■affect the vitamin 'C content of tomatoes, but the 
latter is also affected by the oxidase, .which may 
destroy a considerable amount of the^ vitamin if 
ripening takes place under conditions favouring 
oxidase action. 

We are indebted to Sir Harry Hague and Mr H. .H. Jones, 
for samples of tomatoes grown under known conditions, 
to Dr C. D. Darlington for kindly examining seeds of our 
tomatoes for polyploidy, and to Miss M. Payne for assist- 
ance in preparing the extracts. 
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The Anti -streptococcal Action of lodinin. Naphthaquinones 
and Anthraquinones as its Main Natural Antagonists 
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Chromobacterium iodinum was isolated and so named 
owing to the purple, bronze-glinting pigment which 
covers its colonies on suitable solid media [Davis, 
1939], This pigment, here termed ‘iodinin", was 
fomid to inhibit the growth of certain other bacteria 
[Mcllwain, 1941a]; and such may be its natural 
function. The organisms so inhibited include patho- 
gens, and the mechanism of the inhibition has now 
been studied, since the compound is highly active 
and an understanding of such processes is of poten- 
tial chemotherapeutic value. 


lodinin (I) is the di-N-oxide of a dihydroxy- 
phenazine. The positions of the hydroxyl groups 

, .. ■ 0 ‘ ^ 
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ar€J miknowii but Ciemo' & Mcllwaiii [1938] have 
suggested fomiiilae in which co-ordination or tauto- 
irierisin can rjcciif, and have excluded, the 2:3- and 
2:5-coTnpouj:]ds. The A^-oxidic structure has been 
('oiitlrmed by resyiithesis of iodinin from the di- 
hydroxyphenazine produced by its degradation 
[iicllwaiii, 1943]. . 

■ Natural aMtagonists of the anti-streptococcal 
action of iodinin 

Charcicterization of materials or conditions which 
alter the action, of antibacterial agents have been 
of value in indicating the extent and limitations of 
tile possible practical use of these agents. In addi- 
tion, such studies have suggested the modes of 
action of some synthetic bacterial inhibitors and 
this understanding has led to the preparation of 


Marmite, such inhibition was produced by l-5~2x 
10~®iif iodinin (Table 1). The relatively small differ- 
ence b©twee.n these minimal • antibacterial levels 
permitted, the use of the more complex media in 
subsec|uen.t work; this had the advantages of con- 
vemeB.ce and of making it more probable that the 
effects of reversing agents would be,, specific , to the 
inhibitor (see p. 269). 

In contrast to the inhibition caused by acrifiavine 
or by the sulphonamides, inhibition by this pigment 
was relatively little affected by a variety of natural 
products, including microbial extracts, and plant 
and meat preparations (Table 2). The testing condi- 
tions employed little excess iodinin. This thera- 
peutically valuable property may be due to limited 
distribution of materials related to the inhibitor, 
or to the type of inhibition which it produces 
[Mcllwaiii, 19406]. Blood (plasma or corpuscles), 


Table 1. Effect of niediwn on inhibition of streptococcal growth by iodinin 




Medium 


Growth after 


Amino-acid {&) 


Peptone' (6) or 
marmite (c) 


' "''A 

added 

r 





Tk 

Idenda (mg./ml.) 

Jf x lO-^ 

18-24 hr. 

28-30 hr. 

2 days 

4 days 

7 days 


0 

-f + 

4 4 4 4 

— 

— 

— 


’3 

4- 

+ 4-4- 

+ + + + 




6 

0 

4 

+ + + + 

— 

— , 


12 and more 

0 

0 

0 

0 

0 


0 

+ 4* -4 -F 

— 

— 


•— 


a 

-i_ 

4 4 4 4 





■ 


6 

+ 

4 4 

4 4 4 4 

— 



12 

0 

0 

0 

~! — 1 — h 4 

— 


25 and more 

0 

0 

0 

0 

0 

+ serum, 100 

100 

4- 4- -f 4- 

— 



: 

■ 

„ 20 

100 

0 

4 4 

4 4 4 4 

— 

— 

„ 100 

10 

4- + 4 -4 

— - 







20 

10 

4 4 

+ + + + 

— 

— 

— 

-f rheum, 2 

100 

4 

+ + + + 



" 



» 0-4 

100 

0 

4 

+ + + + 





2 

10 

4 4 4 

+ + + + 


- 



„ 0‘2 

10 

4 

4 4 4 4 

— 

— 

— 


4-, -f •+, etc,, are proportional to the mass df growth, judged by visual comparison (see p. 269). 


other inhibitory compounds [Mcllwain, 1942]. Some 
antibacterial agents induce new nutritional needs: 
in such cases media adequate for normal growth of 
organisms but rendered unsuitable by the inhibitor 
are made adequate again by addition of further 
materials. The action of such reversing materials 
was in some cases shown to be due to single oom- 
potmds which were related to specific processes 
affected by the inhibitors. Iodinin, a natural anti- 
bacterial agent of a novel type, has now been sub- 
jected to such nutritional analysis. Streptococcus . 
Jiaemolyticus haB been used as test organism as it 
was the most sensitive of those previously studied. 
In a medium which was as far as possible chemically 
defined, 0*8“l*2x 10”® Af iodinin was necessary to 
prevent growth of streptococci for a period of / 
6 days ; in a peptone medium, and in one containing 


the most effective of the animal materials examined 
in cancelling the effect of iodinin, was required in 
quantities of about 0*2 g. to eliminate the activity 
of 5/xg. of iodinin. 

The anti -streptococcal action of iodinin was not 
affected by addition of various metal salts with 
which higher concentra;tions of iodinin form lakes, 
nor by acid extracts of plant and animal ashes. 
Extracts of Chr, iodinum before pigmentation, and 
of other organisms insensitive to the inhibitor, d 
not antagonize its action. 

Anthraquinones. The material first found to be 
active against iodinin in quantities small enough 
to be comparable with other drug-antagonists was 
rheum f which had been included in a survey of 
pharmaceutical materials. The activity of rheum 
was shared by other members of the groups of 
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anthraquinone purgatives. (Table 2) which suggested 
that their anti-iodmin properties might be due to 
their therapeutically active constituents. Some of 
the active material in aqueous extracts of rhemn 


was removed by extraction mth ©th,er from, acid 
but not from alkaline solutions ; from the acid-ether 
extracts it was removed by aqueous alkalies 
(Table 3). This treatment also separated hydroxy- 


Table 2. Anti-iodinin activity of natural materials 

Quantity ' of ' substance (mg. or ml./ml. 
iodinm-containing medium (6)) needed for: — 
(2 X 10“®!/ =0-5jag./mi. iodinin had been 
added to medium (6)) 


Material 

Blood (human) 

Plasma (human) 

Serum and plasma (horse) 

Corpuscles 

Meat (ox, hot extract) 

Liver (ox, hot extract; and proprietary extract) 

Urine (human, 3 specimens) 

Potato, turnip (hot extracts) 

Beer wort (3 specimens, used in growth of Chr. iodinum for pigment formation) 
fhmm (hot extract, referred to original weight) 

Aloes (hot extract, referred to original weight) 

Senna pods (hot extract, referred to original weight) 

Madder (hot extract, referred to original weight) 

Yeast, boiling extract 

Yeast, hot extract [Warburg & Christian, 1938] 

Yeast, plasmolysate (with acid* ether) 

Yeast, autolysate (marmite) 


Complete 

Belayed or partial 

neutralization 

neutralization 

20, 20 

4 

50, 20 

.10, 5- 

100, 20 

20, 4 , 

100 

20 ^ 

(not by 100) 

100, 50 

» 

100, iOO , 



(not by 100, 20, 4) 

99 

2, 2 

0-4, 0*08 

0*5 

0-1 

5 

1, 04 

10 

2 


(not by 100, 40) 


40, 20 
40, 10 
20 

20, 10 


Yeast, autolysate concentrates (5) active in antagonizing acriflavine inhibition 
[Mcllwain, 19415] 

Escherichia coli, Proteus vulgaris^ and Chr. iodinum culture filtrates and hot extracts 


(not by 100, 20, 4) 


Table 3. Properties of anti-iodinin materials in serum and rheum; 
activities of some concentrates and pure compounds 

Quantity of substance (molarities or 
mg./ml. iodinin-containm^ mediums 
(6) and (c)) needed for: — 

(2 X 10“®if =0*5/xg./mI. iodinin had been 
added to mediums (5) and (c)) 


Material 

rheum hot extract (weights refer to original rh 
rheum acid-digest (weights refer to original rheum) 
rheum ether extract of acid digest, and alkaline extracts of the ether 
(weights refer to original rheum) 

rheum ether extract of acid digest, and alkaline extracts of the ether 
(weights refer to extractives) 

Aioin 

Anthraquinone ; anthraqumone-2:6-disulphonate 
1:2-Dihydroxyanthraqumoiie (alizarin) 

1 :4-Bihydroxyanthraquinone ( quinizaria) 
l:5-I)ihydroxyanthraqumone (anthrarufin) 
l:8-Bihydroxyanthraqumone (chrysazin) 

1 :2:4-Trihydroxyanthraquinone (purpurin) 

1 :2:7“Trihydroxyanthraqumone (anthrapurpurin) 

Serum (dx) 

Serum after extraction with light petroleum 
Serum petroleum ether extract, with and without residue 
Vitamin concentrates 
2-Methyl- 1 :4-naphthaqumone 




Complete 

Belayed or partial 

neutralization 

neutralization 

2 . , 

04 

0*4 

0*2 

2 

04 

0*03 

0-006 

0-004 

0-0008 



(not by 10- 

-®if) „ 

(not by 2 X 10”® If ) 

? 

0 

i-H 

X 

0 

<M 

0 

4xlO” 7Jf ■ , ■ 

2xl0-®x¥ 

4xl0”®if 

2xl0-6i¥ 

,4xl0-^if 

Not by lO-m 

10”® if / 

J 

(not by 10' 

-®if) . 

20 

' ^ -V— 

4„ 

j 


(not by 100, 20, 4) 

(not by 0-05) 0-06 

0*00032; 2 x lO-^lf 2*5 to 5 x 
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antagonists, they were tested with respect to their 
power of neutralizing the inhibitory action of 
iodiiiin. Concentrates of vitamin (from grass, 
and of about 10% purity) and Kg (from putrified 
fish .meal) were given by Mr F. A. Robinson of 
Glaxo Laboratories, to whom I am much indebted. 
Difficulty was experienced in obtaining them in 
forms suitable for bacteriological testing and their 
activity was variable ; a filtered aqueous -alcoholic 
solution of the preparation, at a cohcentration 
corresponding to 0-1 mg.y^ml. of the specimen, was 
however active. The water-soluble 2-methyi-l:4- 
naphthaquinone possessing vitamin K activity 
was next tested, and its activity found to be com- 
parable to, or greater than, those of the hydroxy- 
anthraquinones previously examined (Table 3). 
Table 4 gives details of the inhibitory powers of 
different mixtures of iodinin and the quinone. 
Growth of streptococci in the presence of concen- 

Table 4. Mutually neutralizing quantities of iodinin and 2^methyl-l:4-naphthaquinone ^ 

Time (days) before appearance of visible growth in medium (h) containing: 
2-methylnaplitbaquinone (M) 

f — ^ — ■ — ^ 

Iodinin (4/) 4 x 10-« 2xl0-« 1x10"® 5 x 10"^ 2-5 x 1-2x10“’ 


antliraqiiifuaies from the drug; the crude prepara- 
lit ui so iibmiood was active in quantities of from 
itOOii mg./ml. Aloin, -which consists of the 

HhiKiSt pure* giucosides of aloe-emodin (l:8-dihy-' 
drt ydft txyxiiethylaiithraqumone), was even 
luorr* active (4 to 0‘8/ig. antagonizing 0-5 gg. of 
in liiiii}). Suioe commercially available hyclroxy- 
anihraquiiiones were examined, with results re- 
('oi'dcd In Table 3; at least three were highly active 
fi to antagonizing O-o/^g* of iodinin). 

Sn'um and compounds of vitamm-K activity. 
Aniiiraquinoncj derivatives are not known to occur 
in !iorinal blood, and the properties of the iodinin- 
antagonizing material from this source— which is of 
great{?st importance in relation to the possible use of 
iodinin — were accordingly examined. The inhibitory 
aetii'ity of serumwasiost on digesting with acid under 
conditions which hydrolysed anthraquinone giuco- 
sides. Extraction with petroleum ether destroyed 


3 X 10"’ and less — 

the activity, but material active alone or in com- 
bination with, the extracted serum could not be 
recovered from the petroleum extract. Recovery 
was attempted by washing the solid petroleum ex- 
tractives with water, alkali, or ethanol and filtering 
or autoclaving the extracts in order to sterilize 
them. Sucli filtration did not affect the activity of 
whole serum. Alkali did not extract an active 
material from unevaporated petroleum ether ex- 
tracts, nor was extraction of the active material 
from serum jxrevented by alkali. The iodinin- 
antagonists in serum are thus not hydroxyanthra- 
quinones or other phenolic or acidic compounds, 
but are fat soluble. Such solubility may explain 
the apparently limited distribution of iodinin-anta- 
gonists in natural materials, as most of these have 
been examined as aqueous extracts because hitherto, 
almost without exception, bacterial nutrients have 
been found to be wtiter -soluble. 

One exception to the general rule of water solu- 
bility appeared relevant to the present investiga- 
tions. Woolley & McCarter [1940] showed that 
K-\dtamins and 2-methyl- l:4-naphthaquinone in- 
creased growth of Johne’s bacillus. As compounds 
of vitamin-lv activity exist in serum and bacteria 
[Almquist, Pentler & Mecchi, 1938] and bear some 
relation to the previously examined class of iodinin- 


trations of iodinin greater than the minimally 
effective dose, was restored by roughly proportional 
increases in the concentration of the naphtha- 
quinone which, when sufficiently high, annulled the 
effect of a saturated solution of iodinin. Solutions 
of 2-methylnaphthaquinone stronger than 10“^ AT 
were sometimes themselves inhibitory of strepto- 
coccal growth. 

The relatively smMi difference in the active con- 
centrations of the more potent hydroxyantlira- 
quinones and of 2-methyl- l:4-naphthaquinone, is 
in contrast to their activities as anti-haemorrhagic 
agents. Though structural requirements for vitamin - 
K activity are less exacting than those for most other 
tjq^es of vitamin activity, and several hydroxy- 
anthraquinones are anti -haemorrhagic [Martin & 
Lischer, 1941] the amounts of the latter needed by 
chicks are 100 times greater than that of 2 -methyl - 
l:4-naphthaquinone, and their activities are 
thought by the authors to be due possibly to their 
breakdown products. 


EXPERIMENTAL 


Iodinin. A specimen of the pigment was given ns by 
Prof. G. R. Clemo and for later work it was prepared by 
growth of CJir. iodinum by the method of Dr J. G. Davis 
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[1939], to whom I am indebted for practical details and a 
ciiitnre of the organism. The pigment was strongly ad- 
sorbed during sterilizing filtration, and sterile solutions 
were prepared by autoclaving weighed quantities in plugged 
tubes and dissolving in N' NaOH. The i>igment was kept 
for no more than a week or two as a Jf/100 or Jf/500 
solution in if /5 NaOH, and dilutions for testing were pre- 
pared from this. With solutions of 10"* if or more, iodinin 
separated if the alkalinity fell below that of if/5 NaOH, 
and its Na salt tended to separate from the alkaline stock 
solutions. 

Media, {a) The amino-acid medium was Medium III of 
Mcllwain [1940a] containing thiolacetate and pantothenate 
concentrates. 

(b) The peptone medium was that of Mcllwain, Pildes, 
Gladstone & Knight [1939] based on glucose-peptone, with 
glutamine (4 x 10"* if) in place of the then unidentified 
factor. Oxoid peptone was the most dependable of those 
examined, and following the findings of p. 268 the solid 
peptone was extracted with light petroiemn for 20 hr. in 
a Soxhlet apparatus before use. 

(c) Before a suitable peptone w^as found, a medium was 

used consisting of (1) the amino-acids of Gladstone’s [1939] 
medium; (2) mixture A of Mcllwain et al. [1939]; (3) 0*25% 
of marmite, which had previously been extracted as a 10% 
solution, 6 times with its own volume of light petroleum, 
and (4) glutamine (4 x 10~*ljf), riboflavin (10"’^ Jf), vita- 
min Bg and pantothenate (10"'^3f). 

Organisms and conditions of growth. The test organism 
was either the Richards strain of 8tr. haemolyticus or a 
group G organism; other strains behaved similarly. About 
1000 organisms/10 ml. of medium were inoculated by suit- 
able dilution of opacity-standardized suspensions from 
1-day serum-agar slopes. A typical test comprised one 
tube of complete medium, others to which additions of 
different concentrations of iodinin had been made, and stm 
others with further additions of varying quantities of 
materials to be examined for iodinin-antagonizing pro- 
perties. The inocula were added last, together with other 
addenda common to all tubes; incubation was at 37° and 
normally in 5% COg-air. Records of such an experiment 
are given in Table 1 in which the + signs are proportional 
to the mass of growth, judged at intervals, by visual com- 
parison. In common with other inhibitors iodinin caused 
morphological distortion in streptococci which grew in the 
presence of partially inhibiting concentrations. On sub- 
culture such organisms gave normal streptococci. 

Natural antagonists 

Blood was collected sterileiy with citrate or oxalate as 
anticoagulant and the growth occurring in its presence 
followed microscopically. When serum was separated 
sterileiy its anti-iodinin activity was the same as that of 
filtered specimens. Serum fractions were sterilized by filtra- 
tion. Corpuscles were washed with saline and lysed before 
; testing. ' ' . , , 

Antliraguinone purgatives. The crude extracts were pre- 
pared by twice heating the drugs at 100° with 20 parts of 
water. Two specimens of rheum were treated similarly; 
acid digestion was effected by refluxing 1 g. with 2N HgSO^ 

(20 ml.) in Ng for 1 hr., specimens for test being diluted, 
neutralized and autoclaved. Ether extraction was carried 
out 6 times on the acid digest with an equal volume of 
= solvent, of which part was evaporated and part re-extracted 
with N NaOH. 


ACTION OF IODININ 

Quinones. AH were commercial specimens; those found 
active, were repeatedly crystallized .from aqueous ethanol. 
Solutions of the less soluble ones were prepared by dis- 
solving in a little ethanol, adding this to a, large volume of 
hot water, and were sterili.zed, bj', autoclaving, Kj, 

concentrates (5 mg.) were dissolved in ethanol (5 ml.), water 
added to about 60% (by vol.) and the solution sterilized 
by. filtration, and washed through the filter with a little 
ethanol. 

DISCUSSION 

Modes of action of iodinin and its antagonists 

The antagonistic quinones. The manner in which 
the quinones act was considered in relation to four 
known types of in vitro relation between anti- 
bacterial agents and substances which antagonize 
them, viz. (1) reaction between inhibitor and anta- 
gonist in absence of the organism [cf. Oxford, 1942] ; 
(2) interaction which takes place only in presence 
of the affected organism; (3) the anti -inhibitor 
action of substances which promote growth under 
the conditions of testing [Mcllwain, 19416; 1942] 
and (4) other cases, in which it must be concluded 
that the antagonist is more specifically related to 
the process of inhibition. 

Iodinin antagonism is not by mechanism (3), as 
streptococcal grow^th was optimal during testing 
on media (6) and (c), and similar results were ob- 
tained in tliree distinct media; the varied inactive 
addenda of Table 2 also confii’m this. With respect 
to (1) and (2), six batches of medium (b) of final 
vol. 50 ml. were prepared, all of which had a con- 
centration of 10~^M with respect to iodinin and 
2-methylnaphthaqumone. Of these, two (A) were 
inoculated and incubated normally; two (B) were 
incubated with (A) but not inoculated, while two 
(G) were immediately extracted 3 times with 3 ml. 
CHClg. On the second day, (A) and (B) were simi- 
larly extracted, all the extracts were dried (Na 2 S 04 ) 
and were compared colorimetrically with standard 
iodinin solutions. The red iodinin colours of (B) 
were 95-100% of (0) and of the original iodinin 
but (A.) was lessAhan 10% of these. 2-Methyl - 
naphthaquinone was also extracted but did not 
obviate these conclusions. 

Interaction (1) can therefore be excluded, but that 
postulated under (2) does oeeur. The disappearance 
of pigment is probably due to reduction, for although 
dihydroxyphenazine or other reduction products 
were not isolated, phenazine and A^. A^^-dihydro- 
phenazine were separated from a similar experiment 
in which phenazine di-N-oxide [Mcllwain, 1943] 
was used in place of iodinin. Dihydroxyphenazine 
and dihydrodihydroxyphenazine derived chemically 
from iodinin did not affect gro^vth of streptococci 
when added to the test media in concentrations of 
10"® to 5 X 10-^M. Reduction may therefore be 
the mode of inactivation of iodinin; it was some- 
times found to be less active anaerobically. Iodinin 
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I wits also eliaiiged to yellow non -inhibitory 
materia! on ineubating with thioiacetate 
but not by Ji.oOh) or with ascorbic acid {31/600; 
not L>,v Ji'/ 50 (J 0 ), though these interactions are not 
eoniptira.ble witli such processes as cause inactiva- 
tion of iodinin by to lO-’Jf solutions of 

quirionoS" -nut theinseh^es reducing agents— which 
can take place only in the presence of - bacteria. 
P^'ocyaiiin (10”®!! ; not 2 x 10“®M) and methylene- 
biii© {5x not however, also anta- 

gonized iodinin. 

The peculiarity of the antagonistic quinones then 
{a) in their greater potency than other redox 
systems, (5) in the probability that compoimds with 
vitainin-K activity are responsible for the anta- 
gonistic action of serum, and (c) in the fact that the 
cpii nones are not known to function in a manner 
comparable with that of e.g. methylene blue or 
pyoc>'anin in other redox systems; conversely, the 
extracts examined for anti-iodinin activity con- 
tained many other natura l carriers, but of these the 
quinones proved to be outstanding as regards 
iodinin-antagonisrn. 

Streptococci and other organisms growing in the 
presence of sub -inhibitory concentrations of iodinin 
destroyed it.. In such an experiment with strepto- 
cocci and phenazine di-A^-oxide, phenazine was 
again isolated. Such destruction is, therefore, a 
normal beha^dom of growing streptococci ; the 
special property of the antagonistic agent is to 
allow this growth in tlie presence of higher concen- 
trations of iodinin. 

Iodinin action. That such low concentrations of 
iodinin are anti -streptococcal makes it probable 
that it interferes with specific processes in the inhi- 
bited. organisms. Tlie more potent of its antagonists 
are structurally related to it, and their interaction 
with it and the organism may be similar to that 
suggested for other structurally related groups of 
inhibitory and antagonistic agents, e.g, for various 
amino -sulphonie and amino -carboxylic acids [Mcll- 
^vain, 1942], for related amino-acids [Gladstone, 
1039], and for indole acrylate [Fildes, 1941], 
naphthalene acrylate [Erlenmeyer & Bloch, 1942] 
and tryptophan. The case of iodihin is most 
like the first of these instances in that the shape 
and polarity of the antagonist molecule is very like 
that of the inhibitor, except that different atoms 
are substituted in important groups. If the sugges- 
tions which have been made in the above instances 
are adopted, a working hypothesis concerning 
iodinin action must assume the existence of ‘sites’, 
e.g. in essential enzymes, wdth which iodinih forms 
a type of combination Involving A'-oxidic groupings. 
Presumably it is essential to normal growth that 
these sites should be involved in the reaction of e.g. 
the essential 61123,0116 with compounds similar to 
those quinones which are known to be antagonists 


of iodi:nin ; but a sufficiently high concentration, of 
iodinin must be able to displace the quinones and 
thus to inhibit growth. 

The interaction between 2-methyl- l:4-naphtha- 
quinone and iodinin is competitive within the li,mits 
of accuracy of Table 4, the quantity of iodinin 
necessary for complete inhibition of bacterial 
growth being 10 to 20 times that of the coincident 
naphthaquinone. Such an observation is consistent 
with the abo%^e hypothesis, but is not essential to it 
(cf. Clark, 1937). Though an observation such as 
this is explicable on the basis of other h 3 q)otheses, 
it is a phenomenon occurring in at least five of the 
instances quoted above. The hypothesis supposes 
that the quinones displace iodinin, thus allowing 
growth and bringing about destruction of the inhi- 
bitor; but alternatively streptococci with the aid 
of the quinones may change iodinin and so allow 
growth to be resumed. If iodinin can become 
attached to systems concerned with hydrogen trans- 
port in the organism, these alternatives, and those 
of (2) and (4) in A, above, approximate to one. 

The structural relationship between iodinin and 
the antagonistic quinones has been used as a model 
in the preparation of quinoxaline di-jY-oxides re- 
lated to compounds of anti-haemorrhagic activity 
[Mcllwain, 1943]. The di-iY-oxides w^ere in all cases 
found to be inhibitory at concentrations at which 
their parent quinoxalines were inactive, though 
these concentrations were greater than those re- 
quired in the case of iodinin. 

SUMMARY 

1. Iodinin, the di-iY-oxide of a dihydroxjj-phena- 

zine, partly inhibited growth of streptococci in 
concentrations of 3 x and completely inhi- 

bited it at 1*2 to 2 X 10-® Af. Phenazine di-JY-oxide 
also displayed inhibitory action, but higher concen- 
trations of it were necessary. 

2. Extracts of a wide variety of plant, animal 
and inicrobial materials had relatively little in- 
fluence on the inhibitory action of iodinin, but a 
few annulled its action and this was probably due 
to their containing anthraquinone and naphtha- 
quinone derivatives. Pure hydroxyanthraquinones, 
and 2 -methyl- 1 :4-naphthaquinone antagonized 
iodinin (2 x 10-® iff) in concentrations of from 
fixlO^’^'to 5xlO“®M. 

3. When organisms overcame the inhibition due 
to iodinin and plienazine di-iV-Gxide, in the presence 
or absence of the quinones, the iY-oxides were 
destroyed, probably . by reduction . Some other 
hydrogen -transporting systems and reducing agents 
also caused destruction of iodinin and allowed 
growth of the organisms, but these agents were 
needed in higher concentrations than was necessary 
in the case of the antagonistic quinones. 



ANTI-STREPTOCOCCAL ACTION OF lODININ 


271 


Vol. 37 

I ■. 4. As no interaction, between tlie A’-oxides and gests that the two classes of compounds may fuac- 

quinones occnrred in the absence of the organisms, tion at common sites in the organism, and that the 

the quinones must have participated to some degree action of iodinin may be to inhibit systems normally 

ill the metabolism of the latter. The participation concerned with such quinones. 
may be no more intimate than that of being con- 

cerned with hydrogen transport, but the structural j am greatly indebted to Mr D. E. Hughes for assistance 

similarity between the JV- oxides and quinones sug- throughout these investigations. 
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Factors Influencing the Nucleoprotein Content 
of Fibroblasts Growing in vitro 

By j. N. DAVIDSON and CHARITY WAYMOUTH, Froyn the Biochemical Laboratory, 
Physiology Department, The University of Aberdeen 

(Eeceived 21 January 1943) 

Since Carrel [1912] first showed that the growth of cation of the right nutrient substances probably 
tissue cultures in vitro could be stimulated by means protein break-down products ’, but later [Needham, 
of extracts of embryonic tissue, and that cultures 1942] he did not exclude the participation of ‘some 
could be maintained apparently indefinitely in such cairrier substance of nucleotide type’. However, 
extracts, much speculation has arisen as to the Fischer [1939; 1940] prepared a very active growth- 
chemical nature of the constituents of embryo juice promoting factor from beef embryos by isolating 
responsible for the stimulation of cellular prolifera- the nucleoproteins. The activity seemed to be 
tion. Baker & Carrel [1926] came to the conclusion located in the nucleoprotein fraction containing the 
that activity lay in the protein fraction, and ob- ribonucleic acids, but repeated reprecipitation of 
tained active materials by precipitation of these the nucleoproteins resulted in loss of activity. In 
with ethanol or COg. Rejecting the theory that the active fractions the phosphorus content was 
embryo juice contained a specific hormone for cell higher than could be accounted for by the nucleic 
proliferation, they later suggested [Carrel & Baker, acid content. Some active fractions contained 
1926] that growth-activating substances are not sulphur, probably derived from cliondroitin or 
preformed in embryo juice but are continuously mueoitin sulphuric acid complexes precipitated 
made from its protein, perhaps in the cells of the withthenuoleoproteins. The presence of ribonucleic 
cultures themselves, as the result of enzyme action, acids in rapidly growing tissues is no# well recog - 
In support of this suggestion they pointed out that nized [Caspersson & Schultz, 1939 ; 1940; Mitchell, 
proteoses and higher protein degradation products 1940; Schultz, 1941], and the nucleoproteins of 
have very potent growth -promoting properties, an several different embryonic tissues have been shown 
observation which was confirmed and extended by to contain ribonucleic acids [Davidson & Way- 
Willmer & Kendal [1932]. Needham [1931] also mouth, impublished results]. 


rejected the view that any one particular factor was By the term ‘ growth applied to cells in vitro, as 
responsible for the growth -promoting properties of distinct from mere survival of the cells with or 
embryo juice, which he regarded as ‘a speciaTcollo- without cell migration and even cell division, is 
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iBPaot relliilar prolifertiiion with the formation of 
neu prijinpIuAifi. A number of criteria of growiih 
have berai suggested, e.g. the area of the culture 
I tit!!], the mitotic index [Willmer & 
IVfUKlah I !I32], the mass of the culture [Meier, 1931 ; 
Laser, 19336? Wilson, Jackson <k Brues, 1942], its- 
meiabolic activity [“Meier, 1031 ; Laser, 1932; 1933a; 
laianann, 1932; 1933] or the nucleoprotein content 
[Wiiimer, 1942] as determined by chemical esti- 
mation of the nuekajprotcin P (n.p.p.). The last has 
ap|)earod hj us to be most satisfactory although, as 
Vrilliner [1942] points out, it suffers from the defect 
that ixiicieic acid or nucleoprotein is a cytoplasmic 
constituent in some tissues [cf. Caspersson & 
beliuitz, 1040]. Moreover, its chemical determina- 
tion is based on the assumption that when a tissue 
has been extracted with fat solvents and with 
dilute acid, the residual P is all present as nucleic 
acid. Some may be present as phosplioprotein P 
[Piiinrner & Scott, 1908], but the amounts of this 
in most tissues, including embryonic tissue, is very 
low [v. Euler & Schmidt, 1934], or negligible 
[IMasing, 1911]. 

The work of Brues, Tracy & Cohn [1942] with 
radioactive P, suggests that the above assumption 
may not be fully justified for all tissues, but in 
agreement with Willmer we have found that the 
estimation of the ‘nucleic acid phosphorus’ pro- 
vides a satisfactory index of growth in the case of 
eultmes from the embryo chick heart. 

MATERIALS AISTD METHODS 

As reported in a preliminary communication 
[Davidson & Waymouth, 1942] we have employed 
the general technique described by Willmer [1942], 
involving the use of constricted roller tubes made 
of Fjn*ex, glass. 

General. AH the tests have been carried out with fresh 
explants from the heart of the 9-day chick embryo. No 
experiments have been carried out on cultures maintained 
as a pure strain. This must be kept in mind when con- 
sidering the results. Plasma was obtained from young 
cockerels. The Tyrode solution used had the composition 
described by Willmer & Kendal [1932], and was sterilized 
by filtration through a Berkefeid candle. Chick embryo 
extract was prepared by pulping 9-day chick embryos in 
' sterile graduated centrifuge tubes with an equal volume of 
Tyrode solution, freezing, thawing, centrifuging, and pipet- 
ting off the supernatant fluid into sterile storage tubes. 
This concentrated extract (total N= 40-60 mg. %) was 
suitably diluted before use. 

Gofitrdl experiments. As the composition of plasma is 
variable, direct comparisons of the effects of two substances 
on the tissue n.p.p. are made only where control and test 
series are grown in plasma from the same sample at the 
same time. For a similar reason, when embryo extract 
with and without some supplement is tested, comparisons 
are drawn only when a single sample of extract is used 
throughout. The effect of any lack of uniformity, due to 
inherent x'ariations in potential growth capacity between 


different hearts, is reduced by using in each' test pieces 
from a .mixed„.sample from 6 to 8 hearts. , 

Preparation of explants. Bach of the embryo hearts ,yvas 
cut, up into 20-30 small and approximately uniform pieces 
according to the usual .aseptic tissue culture technique [cf. 
Strangeways, ,1924].- Six pieces of. tissue were implanted in 
0‘2mL sterile plasma in each roller tube. The tubes were 
set aside until the plasma had clotted and O’O ml. Tyrode 
solution was then added. The tubes were stoppered with 
sterile rubber bungs, and mounted on a drum which 
rotated, by means of a small electric motor, in the incubator 
at 38° at a speed of 1 revolutioii/min. With each revolution 
the fluid washed over the growing cultures. 

Six to eight of the tubes contained a plasma clot but no 
tissue, and ser ved as plasma blanks. The remainder contained 
6 pieces of tissue each. As the drum carried a total of 20 tubes, 
each test involved the use of some 70-80 pieces of tissue. 

Technique of experiments. The tubes were rotated, with 
Tyrode solution alone as fluid phase, for 2 days to allow 
traces of growth-promotmg substances present in the fresh 
tissue pieces to he used up, and to allow the cultures to be 
as imiform as possible before addition of test materials. 
The ‘residual growth energy’ is reported by’Trowell k 
Willmer [1939] to be exhausted after this time. The tubes 
were then opened and the fluid phase (Tyrode + serum + 
metahoHc products) sucked off. The test proper then began. 

To each tube was added Tyrode, embryo extract, or 
test substance, or a combination of two or three of these, 
the total volume being 0*5 ml. As many duplicates as 
possible were set up. The tubes were re-stoppered and 
rotated for a further 3 hr. to allow the fluid to permeate 
the plasma clot. Some of the tubes were removed at this 
time (time=0) to give figures for the initial value of isr.p.p. 
The remainder were allowed to run for a further period of 
time, usually 2 days (time = 0* 

At ‘time V the tubes were removed. By means oLa 
projectoscope, images of the cultures could be either out- 
lined on paper and the areas 
subsequently determined with fl T 

a planimeter, or recorded in 
silhouette on Ilford Reflex 
Document paper, although the // 

curvature of the roller tubes (( // 

made very accurate projection ]] [ / a r 

impossible. 

Estimation of nucleic acid 
phosphorus. The method of P kW 

Willmer [1942] -was again fol- 
lowed. The roller tube became ( ] 

a test tube, and lipid P and I I \ J 

acid-soluble P were extracted \ / \ /( 

by ethanol-chloroform and \ / 

O'l A” HCl respectively, accord- \ / 

ing to the procedure of Beren- \ y 

blum, Chain & Heatley [1939]. H [f 

The tissue remained in the nil jjj 

plasma clot throughout this \\w yJJI 

process. It was then ashed in 

the roUer tube with 0-15 ml. 

70%pereHorioaoid audPwas Miving vessel for 

deten«medbytheultra-mioro- “^osphate estimation, f 

method of Berenblum & Cham 
[1938], Asoriginallydescribed, 

the method is time consuming, since each estimation must 
he done individually, but we have devised a new type 
of mixing vessel (Big. 1) which saves time by allowing 
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a large number of estimations to be done simultaneously. 
A battery of seven (or more) of these vessels is set up 
in a rack so that at least six estimations and one standard 
can be carried through at the same time. The reagents are 
pipetted into the cup on the short limb and are transferred 
to the bulb by gentle suction applied to the long limb. 
After mixture of the aqueous and butanol layers in the 
bulb, the aqueous layer settles out and can be sucked off 
through a capillary pipette inserted into the bottom of 
the cup. The blue alcoholic layer is finally poured from the 
cup into a small tube graduated at 1 ml., and the colour is 
read off either in a colorimeter against a standard prepared 
simultaneously, or in the Hilger Spekker Absorbtiometer 
with micro-cups. 

The figure for the n.p.p. in the tissue alone is determined 
by subtracting the appropriate plasma blank from the 
^'.p.p. figure for each tube containing tissue. The index 
(i00r)/X gives an indication of the increase in k.p.p. 
relative to the amount originally present where X and Y 
are the figures for the n.p.p. at ‘time 0’ and ‘time 
respectively. 

RESULTS 

Tyrode solutioyi alone as fluid phase 
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. acetate in ,■2*5%, CClg.COOH. Tlie precipitate of, 
■ xmhydroiysed nucleic acid was ceatPifuged down, 
washed with 0*125% tii'anyl acetate in ,1*25% 
CCI3 . COOH, and dissolved in KagCOg ' solution. 
Total P was determined in this solution by a modifi- 
cation of the method of Allen [1940]. Some spon- 
taneous decomposition of nucleic acids takes place 
at pH 7*6, which was allowed for by a control series ■ 
without plasma. Both types of nucleic acid are 
hydrolysed by plasma to compounds no longer 
precipitabi© by the ui*anyl acetate reagent (Table 2), 
but the ribonucleic acid suffers more decomposition 
than the thymonucleic acid. Cockerel plasma there- 
fore contains enzymes of the nuclease type such as 
ribonucieas© [Kiiiiitz, 1940], and thymonucleode- 
poHuneras© [Fischer, Bottger <fc Lehmami-Ecliter- 
naclit, 1941; Greenstein ' & Jenrette, 1941], as well 
as nucleotidases, phosphatases, etc. 

Table 2. Influence of incubation with cockerel 
plasfmi on nucleic^ acids 


In agreement with Willmer [1942] we find a drop 
in N.p.p. in the coui'se of the experiment (Table 1). 
In 23 different experiments the average figure for 
the initial n.p.p. was l*28pg./roller tube (after sub- 
traction of appropriate plasma blanks). After 
2 days the n.p.p. had fallen to M3pg. (Table 1). 
No significant alteration in n.p.p. occurred in the 
tubes containing plasma and Tyrode without tissue. 

Table 1. Changes in n.p.p. {nucleoprotein P) in 
roller tubes containing Tyrode solution alone as 
fluid phase 

All tubes run for 2 days with Tyrode solution alone 
before test begins. Fresh Tyrode then introduced (time 0) 
and initial k.p.p. measurements made. Final n.p.p. esti- 
mation carried out 2 days later (time t). 


Tubes with-' 
plasma alone 

Tubes with tissue 
(corrected for 
plasma blanks) 


It is probable that this fall is due to the presence 
in the plasma of nucleases which break ixp the 
nucleic acid in such of the cells as die in the course 
of the 2 days. We have demonstrated the in*esence 
of such nucleases in cockerel plasma and serum. 
A mixture of 0*2 ml. cockerel plasma with 0*3 ml. 
veronal-acetate buffer (pH 7*6) and 0*1 ml. 2% 
, thymonucleic a;eid or ribonucleic acid (as Na salts) 
was incubated at 37^^. At suitable intervals portions 
were treated with an equal volume of 0*25 % uranyl 


0-1 ml. 2% nucleic-acid solution (as Na salt) incubated 
with 0*2 ml. cockerel plasma and 0*3 ml. veronal- acetate 
buffer pH 7’6 at 37°, 

Hydrolysis (%) 



Ribonucleic acid 

A 

Thymonucleic acid 

Time 

With 

Without 

With 

Without 

hr. 

plasma 

plasma 

plasma 

plasma 

2 

12-2 

6*8 

0 

0 

6 

36*0 

lo-O 

5*3 

1-4 

24 

74*0 

20*4 

20*4 

7*0 


A similar fall in n.p.p. occims during the first 
2 days after the cultures are set up, during which 
period no measurements are normally made (Fig. 2). 


1*3 


Initial 

Final 



1-2 

x,p.p. at 

x.p.p. at 



‘time 0’ 

‘time P 



l;l 

per roller 

per roller 


No. 

tube 

tube 


of 

t '-0 

PS’ 

Pg- 

Biff. 

exps. 

s' 0-9 

0*29 ±0*01 

0*31 ±0*02 

-f-fi-02 

26 




Sz 

0-8 

1-28 ±0*07 

1*13±0-06 

-0*15 

23 

- 0-7 


0-6 r 


j Cultures 
4' set up 


4 “ 


lime 0” 


'Time P 



7 

6 « 

s| 

^ e3 

5 1 

2' 


■ ,, Bays 

Fig, 2. Decrease in nucleoprotein P (x.p.p.) and increase 
in area in cultures grown in Tyrode solution alone for 
4 days, n.p.p. in /x,g./roIler tube (plasma blanks sub- 
tracted). Area in mm.-/individual culture. 

Although the amount of nuclear material as 
measured by the n.p.p. diminishes continuously, 
the area of the cultures increases and may at the 
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Tables. Effi 

'■1 i 



All ciilt'iii'es grown for 

;| 1 


• K.; 

p.:p. (A). Final n.p.p. (- 

'll '.'ll 



Material 

J 1 



under test , 

1 


A 

T^'fode solution 

-'.i ';4 


.B 

Chick embrj'o 




extract 

^ ’ 1 


C 

Crystalline 
ri bon uf ‘lease 

'll 


' 'd 

Crystalline 

i , 


,E 

ribouuclcase 

Crystalline 




rihonuc lease 
(Dr -Kunitz) 

1: ■ 


,F 

Crystalline 



ribonuclease 
■ (Dr Kunitz) 

i 1 


G 

Crude ribonuclease 

f| ■ : 
i 1 



in pancreatic 
extracts 

' ! 


H 

Mucinase , 

1 1 * it 


J 

Mucinase 

j ! 

: 

'1 

K 

Embryo cartilage 

1 



extract 

1 


L 

Anterior pituitary 


Effect of various substances on nucleoprotein P {n.p.p,) content of tissue cultures 

for 2 days in Tyrode solution alone before introduction of test substance and estimation of initial 

F. f F) estimation 2 days later. , , 

Alteration 
in K.p.p. 


Fluid phase in roller tubes 



pg./tube 

(1007)/ 

Tyrode solution alone 



-0-15 

' 88 

Embryo extract 



'-fO-31' 

120 

Embryo extract after exposure to heat 



+ 0-34 

124 

T;^Tode solution alone 



-0-14 

87 

Crystalline ribonuclease in Tyrode solution (final cone. 

of enzyme = 

-0-08 

91 

9-4 mg. %) 





Chick embryo extract 



+ 042 

■ 137 

Chick embryo extract + crystalline ribonuclease (final cone. 

— 9-4 mg 

• %) 

+ 0-35 

148 

Tyrode solution alone 



~0-13 

76 

Chick embryo extract 



+ 0dl 

.114 

Chick embryo extract + crystalline ribonuclease (final cone. = 

= 12-5 mg 

■ %) 

+ 0-09 

114 

Tju-ode solution -f crystalline ribonuclease (cone, as above) 


-OdO 

82 

Tyrode solution alone - 



-0*07 

92 

Chick embryo extract 



+ 0-39 

143 

Chick embryo extract-!- crystalline ribonuclease (final cone. 

= 50 mg. 

■ %) 

+ 0-32 

157 

Tyrode solution alone 



-0-09 

92 

Chick embryo extract 



+ 045 

136 

Chick embryo extract -f preparation from pancreatin 



+ 1-03 

173 

Chick embryo extract 



+ 044 

149 

Chick embryo extract + mucinase (final cone, of mucinase = 

168 mg. 

%) 

+ 0-07 

107 

Tyrode solution alone 



-0-08 

90 

Chick embryo extract 



+ 0-37 

143 

Chick embryo extract -f mucinase (final cone, of mucinase = 

160 mg. 

%) 

+ 0*14 

116 

Tyrode solution alone 



+0-06 

106 

Cartilage extract 



+ 0-35 

125 

Tyrode solution alone 



-0-15 

91 

Pituitary extract 



-O-IO 

86 


Q . t 
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end of 4 days be as mueli as 6-10 times greater 
than it was when the ciiltiires were first set up 
(Fig. 2} owing to the migration of cells from the 
original expiant. The area of cultures from fresh 
explants is not, however, of great significance 
[Parker, 1938]. 

Chick embryo extract as fluid phase 

{a) The effect of fiormal extract. When the Tyrode 
solution is replaced by embryo extract, during the 
second 2 days of the test {i.e. the days of the test 
proper), very marked growth of the tissue occurs, 
accompanied by a rise in (Table 3B). The final 

area, instead of being of the order of 7*0 sq. mm., is 
of the order of 20 sq. mm./culture. 

The rise in 3sr.F.p. is greater as the concentration 
of embryo extract increases. The effects of different 
concentrations of embryo extract are shown in 
Fig- 3. In this case some of the tubes were allowed 
to run for a further 2 days. During this time no 
further rise in n.p.p. occurred-— in fact a slight fall 
was observed (Fig. 3). All tests have subsequently 
been restricted to 2 days after addition of the test 
substances.'. 



Fig. 3. Influence of different concentrations of embryo 
extract on the nucleoprotein P (x.p.p.) of tissue cultures. 
N.p.p. in gg./roUer tube (plasma blanks subtracted). All 
cultures grown for 2 days in Tyrode solution alone before 
addition of embryo extract. Curve A: fluid phase in 
roller tube, embryo extract 30 mg, % N (approx.). 
Curve .B: embryo extract 10 mg. % N (approx.). 
Curve Cl fluid phase, Tyrode solution alone. The ex- 
plants used in this experiment were rather larger than 
usual. 
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(b) Effect of heat on embryo extract. It is usually 
stated that the active principles of embryo extract 
are easily destroyed by heat [Carrel, 1913; Las- 
nitzid, 1937].'^ 

We have examined the effect of heating chick 
embryo extract to 100° for 10 min. To minimize the 
changes due to bicarbonate decomposition, the 
extract, prepared by pulping the embryonic tissue 
with water instead of TjTode solution, was divided 
into two portions, one of which was heated while 
the other was kept as a control. The salt concentra- 
tions (including bicarbonate) in both extracts were 
then adjusted by adding appropriate amounts of 
sterile concentrated saline medium. Tissue cultures 
gained as much nucleoprotein P in this heated 
material as in the unheated control extract (Table 
3B). ' • ■ ' ' 

(c) The effect of rihonuclease on embryo extract. In 
view of Fischer’s [1939] suggestion that the growth- 
promoting power of embryo extract is located in 
the ribonueleoprotein fraction, we have examined 
the action of the enzyme ribonuclease on the activity 
of chick embryo Juice. Ribonuclease, which has 
been prepared in the crystalline state from pancreas 
by Kunitz [1940], attacks specifically the ribo- 
nucleic acids bringing about partial hydrolysis. The 
enzyme is strikingly thermostable and aqueous 
solutions can be sterilized by heat. 

Chick embryo extract incubated overnight at 37° 
with crystalline ribonuclease (prepared from cattle 
pancreas) was tested on the tissue cultures, and 
showed no diminution in activity as compared with 
control embryo extract incubated without enzyme’ 
(Table 3 C, D). A sample of crystalline ribonuclease 
kindly supplied by Dr M. Kunitz gave the same result, 
even when the enzyme concentration in the roller 
tubes was as high as 50 mg./lOO ml. (Table 3 E, F). 

Ribonuclease in Tyrode solution alone appeared 
to have no effect on the living cells (Table 3 C, E). 
On the other hand, crude preparations of ribo- 
nuclease, prepared by extracting commercial pan- 
creatin with 50 % acetone [of. Dubos & Thompson, 
1938], and sterilized by heating to 100° for 10 min., 
gave a very different response. Cultures grown in 
a mixture of this medium and embryo extract 
showed a characteristic dense type of growth with 
a sharply demarcated margin. Growth appeared 
to be abundant but cell migration was not so pro- 
nounced as in the controls grown in embryo extract 
alone, which had a considerably larger area. The 
cultures grown with the addition of the pancreatic 
extract showed a much greater increase in isr.p.p. 
than did the controls (Table 3G). This increased 
growth is not caused by the ribonuclease in the 
pancreatic extracts, but is due to another factor, 
the nature of which is at present under investiga- 
tion. It is destroyed by heating for 30 min. at 100° 
in feebly alkaline solution. 


(d) The effect of mucinase ow embryo extract. In 
view ( 1 ) of .the large amount of mucin -like sub- 
stances in embryonic material [cf. Baker & Carrel,. 
1926],.., (2) of the good growth -promoting, power of 
embryonic cartilage extracts, and (3). of Fischer’s 
[1940] suggestion that the active prixioipie may con- 
tain S, we have tested the effect of a liiglily purified 
preparation of the enzyme mucinase [Madinavei,tia, 
1941] prepared from b'uil testicle, to see whether 
hydrolysis of some of the muco- or siffpho-poiy- 
saccharides in embryo extract affected its activity. 
We are grateful to Dr Madinaveitia for a sample of 
mucinase, which besides acting as a diffusing factor 
with hyaluronidase activity and with the power to 
reduce the viscosity of some mucopolysaccharides 
(of synovial fluid, vitreous humom, and umbilical 
cord, but not of saliva and gastric mucin), also had 
a low’ glucosaminidase activity. Testicular mucinase 
is stated by Meyer, Chaffee, Hobby & Daw?-son 
[1941] to hydrolyse chondi'oitin sulphuric acid, the 
mucopolysaccharides of skin, and the polysac- 
charide (or its H 2 SO 4 ester) of the cornea as well 
as hjialuronic acid. The enzyme was dissolved in 
Tyrode solution and sterilized by passage tlirough 
a small Berkefeld candle. A slight loss in N content 
resulted but the sterile solution still retained power- 
ful enzyme activity as measured by the diffusion test 
in rabbits with haemoglobin [Madinaveitia, 1938]. 



Concentration of mucinase, mg./ 100 ml. 

Fig. 4. The effect of increasing concentrations of mucinase 
on the nucleoprotein P (x.f.p.) of tissue cultures grown in 
embryo extract. ¥=25 mg. % for embryo extract in all 
cases. Abscissa: X.P.P., fzg, /roller tube. Ordinate: final con- 
centration of roucinase in roller tube, mg./lOO ml. Embryo 
extract and mucinase incubated for 2J hr. at 37° before 
being added to roller tubes. Curve A (test 74) : cultures 
grown for 2 days. Curve B (test 76): cultures grown 
for 1 day. Plasma blanks not subtracted. All cultures 
grown for 2 days in Tjnrode solution alone before addition 
of embryo extract and mucinase. 

Embryo extract was mixed with the mucinase 
solution, and incubated at 37° for 2-1- hr. before 
being added to the roller tubes. Embryo extract 
incubated at the same concentration without mu- 
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eiiiase served as a control. A slight precipitate 
sraiietiines appeared in the mucinase mixture. 

The cultures griwn in embryo, extract plus 
Hiu<‘inase showed a smaller increase in n.f.p. than 
dill the <M introls (Table 3 H, J). As the effect seemed 
to vary considerably with the concentration of 
i iiuciiia>(% (^xj)Lrinients were carried out in which con- 
st ant ainoimts of embryo extract were incubated with 
inercasing concentrations of mucinase. The results 
a re piott ed in Tig. 4. It will be seen that the maximum 
effect was obtained when the mucinase concentra- 
tions were 170-250 mg. %. In one test (curve A) 
higher concentrations were rather less effective. 

Extracts of cartilage from iimmrmlian embryos 

We have also employed extracts made from mam- 
malian embryos, chiefly sheep embryos of 9-10 
weeks, a stage at which growth is very rapid [Gurit, 
1847]. Cattle, pig and human embryos have also 
been used. As whole extracts prepared by mincing 
the complete embryos contained an imdesirably 
large amount of blood, we have examined extracts 
from individual tissues. Embryo cartilage was 
found to give a very satisfactory extract. 

The embryos were <lissected and the cartilage of 
the vertebral column, skull, pelvic and shoulder 
girdles freed as far as possible from muscle and 
coiioective tissue. The cartilage was minced and 
the mince allowed to stand with an equal volume of 
water overnight at 0° before being Altered through 
muslin. The flltrate was centrifuged and timted 
with i voL of double strength TjTode splution. To 
check the salt concentration a chloride estimation 
w'as carried out and final small adjustments of salt 
concentration made as required. 

Embryo cartilage extract could be sterilized by 
filtration through a Berkefeid candle, and kept 
quite well at 0° or, better, at —30°. 

Easiilts obtained with cartilage extract are shown 
in Table SK. ' , 

The effect of pituitary extract 

In view of the well-known action of extracts of 
the anterior pituitary gland in stimulating the 
growth of young animals [cf. Young, 1941] we 
examined the effect of pituitary extracts on the 
nueleoprotein content of fibroblasts in vitro. . Saline 
extracts prepared according to the method de- 
scribed by Marks & Yomig [1940] were kindly 
supplied by Dr F. G. Young. The salt concentra- 
tions were adjusted to that of Tyrode before the 
extracts were tested. In no case did the pituitary 
extract cause any increase in the w.p.p. of the 
cultures (Table 3L). 

This is in agreement with the findings of Ti'o well 
& Willmer [1939] who, contrary to Semura [1931], 
foimd that pituitary extracts had no groWth- 
promotiug power on tissue in vitro. 


' DISCUSSION, 

It must be emphasized that all the tests have been 
carried out in fresh explaiits from the 9 -day embryo 
chick heart and not on pure strains of fibroblasts. 
The term ‘fibroblast ’ is used here in the usual tissue - 
culture sense of cells characterized by a network 
* arrangement [cf. Mayer, 1939]. 

Willmer ’s [1942], results were^' obtained maiiiiy 
with chick periosteal fibroblasts, but in a few ex- 
periments with heart fibroblasts he fomid a fall in 
N.p.p. in Tyrode solution, while the effect of embryo 
extract was rather to prevent the fall than to cause 
a definite increase. In most of our experiments 
embryo extract produced a definite rise in n.p.p., 
and this effect was not appreciably diminished with 
extract which had been heated to 100° for a few 
minutes, or at 38° overnight. Although Carrel’s 
[1913] original emphasis on the labile nature of the 
cative principles has been supported by later 
workers, e.g. Cracium [1931], Hueper, Allen, Eiissell, 
Woodward & Platt [1933], and Lasnitzki [1937] 
who found a decrease in activity on incubation at 
70° for 10-3® min., recent workers have reported a 
greater heat stability, e.g. Paterson [1938]. Tennant, 
Liebow & Stern [1941] prepared in the ultraeentri- 
fuge a growth-promoting fraction from embryonic 
tissue the activity of which w^as not diminished by 
heating at 100° for several minutes. The effect of 
heated embryo extract on the n.p.p. of pure strains 
of fibroblasts is, of course, imdetermined. 

Ribonuclease attacks specifically ribonucleic 
acids, but its precise mode of action is unlmown. 
Its action may be modified by the presence of 
protein to which the nucleic acid is bound. For 
example, Loring [1942] foiuid that ribonuclease was 
unable to split up the nucleic acid of tobacco mosaic 
virus — a ribonucieoprotein — so long as the nucleic 
acid remained attached to the protein, although it 
could inactivate the virus by forming an enzyme- 
■\firus complex containing 14 % enzyme. This com- 
plex could subsequently be decomposed with libera- 
tion of intact and active virus. The claim of 
Schramm [1941] that intestinal nucleases w^re able 
to remove the nucleic acid from the virus leaving 
the protein intact was not confirmed by Cohen & 
Stanley [1942]. Although in oiu* experiments ribo- 
nuciease even in high concentrations has not in- 
fiueneed the growth of cultures in embryo extract, 
the participation of ribonucleoproteins as growth- 
promoting agents cannot be completely excluded 
since the possibility of the reversible formation of 
©nzyme-ribonucleoprotein complexes remains. 

The nature of the factor present in a ribonuclease- 
containing extract of pancreatin, which causes such 
a marked increase in n.p.p., is not yet fully eluci- 
dated. The effect produced is not merely a quanti- 
tative one. Qualitative changes in the type of 
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growth produced are also found. There is some 
evidence that the factor may be a P-containing de- 
gradation product of protein. 

The effect of mucinase is produced only when the 
enzyme concentration is very high. Both in this 
case and in the ribonuclease experiments, the 
enzymes remained active in the roller tubes and one 
cannot therefore exclude the possibility that, in the 
case of mucinase, the lower n.p.p. foimd in presence 
of the enzyme might be due to a direct action of 
the enzyme on the cells, rather than an action on 
the embryo extract. These experiments do, how- 
ever, suggest that the muco- or sulpho-polysac- 
charides may be responsible for at least some part 
of the growth -promoting power of embryo extract. 

'summary 

1 . The effect of various substances on the nucleo- 
protein phosphorus content (n.p.p.) of fresh ex- 
piants from the embryo chick heart growing in vitro 
in roller tubes has been examined. 

2. Cultures grown in Tyrode solution alone show 
a fall in n.p.p. The addition of embryo extract to 


the cultures causes a definite rise' in n.p.p., and this 
rise is imaitered when the embryo extract has been 
heated to 100° for o min. 

3. Crystailine ribonuclease has no effect on the 
growth-promoting properties of embryo extract, 
but crude ribonuclease preparations from pancreatin 
contain a factor which causes a- marked stimulation 
of nucleoprotein synthesis in the presence of embryo 
extract. 

4. Cultures grovm in embryo extract to which 
mucinase has been added in high concentration 
show a smaller rise in n.p.p. than control cultures 
grown in embryo extract without mucinase. 

5. Extracts of mammalian embryos cause an 
merease in n.p.p. Sheep embryo cartilage extract 
is particularly effective. 

6. Anterior pituitary extracts are without effect 
on the N.p.p. of the cultures. 

We wish to express our gratitude to Mr E. N. Wilhiier 
of Cambridge for much valuable advice on tissue culture 
matters. A grant for scientific assistance from tlie Medical 
Research Council and an expenses grant from the Carnegie 
Trust for the Universities of Scotland to one of us ( J. N. I).) 
are gratefully acknowledged. 
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tile larger, aacl smaller units (curves G and D). The 
carbonate was acidified in the outer chamber, the 
fluid depth being 0*147 cm. in both small and large 
units {0*8 and 2*3 ml. respectively). The rates of 
absorption are similar particularly for the longer 
times, though the surfaces differ considerably. 


A inaiioiiietric method for determining the true 
sugar in blood by measuiing the COg formed by 
yeast action was described by Holden [1937], and 
compared with thf 3 Somogyi [1927] modification of 
the method of Hiller, Linder <fe Van Slyke [1925} for 
determining tlie true sugar by a subtraction of the 
reducing material present after, from that present 
before, fermentation. A method for the estimation 
of blood glucose is here described in which the COg 
evolved by yeast action on blood is measured by a 
microdiffusion technique. The wdiole procedure of 
fermentation, diffusion and titration is carried out 
in the one unit, the dimensions of which are smaller 
than those of the standard unit (it will be referred 
to as no. 2 size). The results are compared with 
those obtained by the Fujita I'watake [1931] 
modification of the Hagedom-Jensen method on 
the same specimens of blood. In this modification 
the blood is deproteinized with Cd instead of Zn, 
and the method is claimed to give a reliable measure 
of the true blood glucose. 

The microdiffusion conditions are different from 
the manometrie, and an account is given of the 
influence of various factors before the method itself 
is described. 

METHODS 

1. Microdiffusion apparatus 

Factors influencing GO^ production and absorption, 
(a) Dimensions of the niicrodiffmion unit. A smaller 
unit than the usual standard type was considered 
suitable. The air volume of the standard unit — 
about 32 ml. — contains appreciable CO 2 , and varia- 
tions are likely to affect the results. Also minute 
leaks through defective lid contacts, which do not 
appreciably affect NH 3 determinations, are of im- 
portance when dealing with GO 2 , and such are 
under better control in the smaller unit .with its 
wider surface of contact. A smaller standard unit 
(no, 2 ) was therefore constructed with the dimen- 
sions given in Fig. 1 . 

The absorption rate of volatile substances such 
as CO 2 , which are only slightly solubie (compared 
for example with NH 3 ), depends largely on the 
depth of the liquid diffusion layer, and is but little 
influenced by wide variations in the area of the 
absorbing or emitting surfaces. A comparison in 
Fig. 2 is made between the COg absorption rate for 


mm, 


H2 mm.--} 


SECTION 


PLAN 

Fig. 1 . Dimensions of the smaller (no. 2 ) microdiffusion 
unit (supplied by Messrs A. Gallenkamp, Finsbury 
' Square, London, as Conway unit no. 2 ). 

Cxirves B and E (Fig. 2 ) represent absorption 
curves with 0*4 and 1*6 ml. in the unit no. 2. 
Curve A is for 0*4 ml. with continual rotating of 
the unit (no. 2 ) and shows an absorption of 96 % 
in 5 min. 

( 6 ) Autofermentation, Besides the COg coming 
from the fermentation of blood sugar, yeast 
steadily produces an appreciable quantity by auto- 
fermentation. Such autofermentation decreases 
with the age of the yeast suspension, the fall being 
most rapid in the first 24 hr. It is our custom when 
making a suspension to allow it to stand for 24 hr. 
at room temperature and then to place it in the 
refrigerator. Table 1 shows the influence of the 
age of the yeast suspension on the amount of 
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CO2 produced by autofermentation from 0*5 ml. 
of a suspension (1 part in 3) of brewer’s yeast 
(Guinness). Baker’s yeast gave similar results, 
namely a marked decline in the autofermentation 
after 1 day at room temperature, and a steady fall 



Absorption time in minutes 

Fig. 2. Percentage absorption rate of COo in the micro- 
diffusion unit described in Fig. 1. The lines A, B, D and B 
are for absorptions with 0*4, 0*4, 0*8 ^and 1-6 ml. fluid 
volume in the outer chambers, respectively. For curve 
the unit was continually rotated. For all these curves, 
0‘2 ml. Ba(OH )2 was contained in the inner chamber. 
Curve C shows the absorption rate for the standard unit 
(no. 1) with 2*3 ml. in the outer chamber (giving same 
depth as 0-8 ml. in the no. 2 unit) and 1*3 ml. Ba(OH )2 
in the central chamber. 

subsequently. The autofermentation in the method 
described below is equivalent to 0*03-0*06ml. of 
AT/SO acid in 90 min., but it may be somewhat 
higher, depending on the yeast strain and the condi- 
tions in which the yeast was grown. 

Table 1. Change of autofermentation with age 
in a yeast suspension 

Age of 00*2 
siis- formed 


Conditions of OO 2 

pension 

(ml. Ar/50 

absorption 

days 

acid) 

O-o ml. of 1 in 3 suspension of 

0 

0*75 

brewer’s yeast in 2*5 ml. saline 

1 

0*27 

in outer chamber of standard 

2 ■ ' 

0-18 

unit (no. 1); absorption into 

3 

0*20 

Ba(OH )2 in inner chamber for 

4 

0*09 

90 min. at room temperature 

8 

0*12 


The rate of autofermentation is unaffected by 
wide changes in the external pH. Additions of HCl 
to yeast suspensions to give a concentration of 
0*06 A/" had no appreciable effect. 

(c) Yield of GO^ from fermented glucose. From 
the equation 

CsHiaOfi = 2CO2 + 2C2H5OH, 


1 


I mg. of glucose should yield 0*489 iiig. COg corre- 
sponding to Ml ml. Njm acid. As is well known,, 
less than this theoretical yield is obtained. W© have 
foiuid an average of .78 % •with., baker’s yeast and 
of 92%., with brewer’s top yeast (Guinness). \"an 
Slyke.& "Hawkins [1929] found 71-79 %. with baker’s 
yeast, and Holden [1937] an average of 86 % with 
a , certain type of brewer’s , yeast (.L-Anheuser- 
Busch). 

{d) Effects of -pH changes. Over the rangepH 3~5, 
produced by pitric acid addition, there was no 
appreciable difference. 

(e) Effect of age and nature of fluid in which the 
stock yeast is suspended. A stock baker’s yeast sus- 
pension made up as 1 part iri 10 of 0*5 % KH2PO4 , 
left 1 day on the bench and subsequently stored in 
the refrigerator, showed little change in COg pro- 
duction from glucose between 2 and 19 days. Thus, 
the recovery of COg was 64 % of theoretical on the 
2nd day and 73 % on the 19th day showing a slight 
rise with age; the fluctuation was around 70% in 
the intervening days. Affter 27 days there was a 
marked reduction to 53%. Other observations 
confirm the conclusion that yeast suspensions are 
serviceable for at least 2 weeks. No appreciable 
difference for about 2 weeks occurred if tap water 
or 0*9% NaCi was substituted for 0*5% KH2PO4 
in suspending the yeast. 

(/ ) V ariation in GO i yield from added glucose with 
different blood specimem. The standard deviation 
from the mean value of a single formation of COg 
from added glucose was 2*4%, and 1*7% for a 
duplicate. When blood samples from different 
human subjects were used instead of samples from 
the same subject, the variation of the CO2 absorp- 
tions was not significantly different (2*6%). This 
shows that varying the specimen of blood does not 
appreciably vary the CO2 produced from a given 
amount of glucose. Wide variations in oxalate con- 
tent of blood were also without effect. Cow’s blood 
was foxmd to give a result 5 % lower than that 
obtained with human blood. 

(g) Comparison of CO 2 formation in saline and in 
blood media. We found that CO2 formation from 
added glucose was a little higher when saline was 
substituted for the blood, and the variability 
greater. This could not be referred to pH effects. 
We have considered it advisable therefore to use 
the form of internal control as described below, 
ifi) conformation in relation to quantity of glucose. 
This was expected to show a linear relation up to 
a certain level. However, the CO 2 yield for small 
quantities of added glucose (1 mg./ml. blood) was 
proportionally less than for larger additions (2-4 
mg./ml.). This effect was found to be suppressed by 
adding a little ethanol to the acidifying fluid intro- 
duced into the outer chamber. The total average 
CO3 obtained in three sets of experiments in which 
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glucose ( D4 ing*;'!nL) was added to blood was 71 % 
of the tlieoreti(^al. After 1 iBg. addition it was 70 % , 
after 2 rag. 72 and after 4 mg. 70 % , which values 
differ no more from tlia average than might be 
expected for the^ sampling error. 

( i } Aeidifykif/ nhixture for me in the outer chamber, 
\'Vith added etlianol the citric acid solution [Holden, 
1937] produced a viscid mixture difficult to mix. 
Accorciiiigly, we used dilute HCl, which produced a 
pH of 4r~5 in the resulting satisfactory mixture. 

(f) Fnformed fJO^ in blood and yeast. The pre- 
, formed CXlg in the blood sample is rapidly removed 
on acidification and exposure to the air for 10 min. 
before yeast addition. The yeast suspension also 
contains preformed CO 2, and if many determina- 
tions are carried out there may be some difference 
in the COg content of the yeast suspension added 
to the first and last samples. This possibility is 
overcome by adding 1-5 ml. of the yeast suspension 
to the inner chamber of one or more standard units 
(each of these 1*5 ml. additions is sufficient for 
seven samples) which are left exposed to the air for 
15 min. before tise. With the large surface exposed 
the preformed COg quickly escapes leaving a small 
constant quantity dependent on the autofermen- 
tation rate. 

{k) Effect of glycolysis. The present method, like 
Holden^s, is independent of glycolysis up to 4 or 
5 hr, exposure of blood samples to room tempera- 
ture, If the samples are stored in the refrigerator 
much longer times may be allowed. 

2* Technique for determining fermentable 
sugar in blood 

(a) Solutions required: yjBO Ba(OH )2 with indi- 
cator, Approximately A72O Ba(OH)2 containing 
5%, of Universal indicator (B.D.H.). Before use 
some is run into a test-tube, and the 0*2 ml. pipette 
is dipped to the end of the tube. When half the 
solution has been used the tube is emptied and 
refilled with fresh ‘solution. 

N 150 HCl. For use in the horizontal burette. 

Acidifying mixtures for outer chamber, (1) lV/20 
HCl containing 4% ethanol. (2) N/20 HCl con- 
taining 4 % ethanol and 0*04 % glucose, which may 
be prepared by using a stock 2% glucose in 2% 
NaCI solution of which 2 ml./lOO ml. are included. 

Yeast suspeyision. Approximately 10 g. of yeast 
are made into a suspension with 100 ml. top water, 
left for 1 day on the bench, and then placed in the 
refrigerator. It may be used after the 1st day for 
about 2 weeks. If the suspension is made in 0*5 % 
KH2FO4 it will be usable for a somewhat longer 
period. 

Fixative for the lid of the diffusion ajpparatus. 
Good qxiality vaseline may be used, but a traga- 
canth fixative [Conw^ay & O’Malley, 1942] has also 


been found very serviceable since it is water-soluble. 
6 g. tragacanth are ground in a large mortar 
.with the slow addition of 80 ml. of water; ,30 ml. 
glycerol and 4 ml. N : HCl are then added and 
mixed. 

(6) Procedure, Into the inner chambers of some 
standard units (no. 1 size) 1*5 ml. of the yeast sus- 
pension are introduced. They are left on the bench 
while the others are being prepared. Duplicate 
samples of 0* 1 ml. blood are then introduced into 
no. 2 units, 4 units being prepared for one specimen 
of blood. Two -units are also set up with 0*1 ml. 
water. To ail of these, except 2 of the 4 units with 
blood from the one specimen, 0*5 ml. of the acidi- 
fying mixture is added ; this is mixed with the 
blood; 0*5inl. of the acidifying mixture containing 
glucose is then introduced into the 2 remaining 
units. 

Approximately 10 min. from the introduction 
of the acid, 0*2 ml. of the solution of Ba{OH)2 
plus indicator is introduced by a simple tube- 
pipette, and each miit is closed immediately by a 
lid smeared with tragacanth fixative. Into all the 
small units 0*2 ml. of the yeast suspension is now 
introduced, which is taken from the large units after 
stirring. This introduction is also made quickly from 
a 0*2 ml. tube -pipette, and after the unit has been 
closed the contents of the outer chamber are mixed 
by rotation. After 90 min. at room temperature the 
contents of the central chamber are titrated with 
Y/SO HCl from the horizontal burette to pH 7* 5-8*0. 

(c) Calculation. The number of divisions on 
the burette corresponding to 1 mg. glucose/ 100 ml. 
blood is obtained by subtracting the mean titration 
for the 2 (of the 4) blood units which contain added 
glucose from the mean of the 2 without added 
glucose, this value being then divided by 200. For 
the remaining units the titration values are sub- 
tracted from the mean of those containing water, 
and divided by the result obtained above, giving 
the concentration as mg. glucose/100 ml. blood. 

[d) Example (1) Mean titration of units 

with added glucose 11*0 

(large divisions on burette) 

(2) Mean titration of corre- 

sponding units with- 
out added glucose . . . 28*0 

(3) Blank with water in- 

stead of blood ... 36*8 

Concentration of glucose in the blood 
(36*8-28*0) 

Other blood samples require the setting up only 
of duplicate units as in (2). 
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3. Mange of method 

Tli 0 range of the method for the blood sample 
which includes the internal control is 300 mg./ 
100 ml., but for other blood samples done at the 
same time it is 500 mg./lOO ml. 

RESULTS 

Results obtained with the present method and with 
the Fujita & Iwatake [1931] modification of the 
Hagedorn "Jensen procedure on the same blood 
specimens are in good agreement. Those for the 
microdiffusion procedure are a little lower on the 
average, as might be expected, and the difference 
is more marked in the fasting subject. Table 2 gives 

Table 2. Comparison of blood sugar methods 


Hagedorn-Jensen 

method 



(modification of 

Microdiffusion 


Fujita & Iwatake) 

method 


mg./lOO mi. 

mg./lOO ml. 


Non-fasting subjects 


1 

103 

108 

2 

137 

128 

3 

110 

112 

4 

154 

157 

5 

99 

95 

6 

107 

94 


Mean 118 

118 


Fasting subjects 


7 ' 

106 

111 

8 

113 

101 

9 

89 

75 

10 

96 

75 


Mean 101 

91 

Weighted mean for 111 

106 


the two groups 


a summary of the results. All determinations were 
made on oxalated blood, immediately after the 
specimen had been taken. 

BISGUSSIOM, „ 

The present microdiffiision method involves less 
manipulation and fewer solutions than procedures 
such as the Hagedorn-Jensen, and is very suitable 
for a large number of determinations. Application 
of the method to a more complete investigation of 
the true glucose eoncentratibn of the blood, and to 
normal and pathological urines, etc., is still in an ex- 
perimental stage, but the method for blood glucose 
appears sufficiently well developed for clinical use. 

It should be noted that anti-giycolytic measures 
must not be used in collecting the blood, and that 
the method is independent of glycolysis up to 5 hr, 
at room temperature, or for one whole working day 
if the specimens are stored in the refrigerator. 

SUMMARY 

1. A microdiffusion method is described for 
the determination of blood glucose using 04 ml. 
samples. A smaller microdiffusion imit than the 
standard is used (Conway unit, no. 2). 

2. The results obtained are very similar to those 
obtained with the Hagedorn-Jensen method modi- 
fied by substitution of the Fujita & Iwatake [1931] 
procedure of deproteinization with cadmium instead 
of zinc, and which is claimed to give a measure of 
the true blood glucose. 

Two of us (E. O’M. and 0. F.) are indebted to the Irish 
Medical Research Council for research grants. 

Our thanks are due to Messrs A. Guinness, Son <fc Co., Ltd., 
for their kindness in supplying samples of yeast. 
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Eifect of Caffeine and other Iminazole Compounds 
on Haematins and their Derivatives 

By JOAN > Mfom the Molteno Institute, University of Cambridge 

{Meceived 2 January 19 4S) 

It is well known that haem combines reversibly By the analysis of crystalline haemochromogens 
with a great variety of nitrogenous substances [Zeynek, 1910] and by spectroscopic titration [Hill, 
[Anson & Mirsky, 1925], giving the corresponding 1926] it was shown that haemochromogens are 
haemochromogens. This reaction is recognized by compounds of haem with two molecules of a nitro- 
the replacement of the reddish brown colour and genous substance. Haemocliromogen is easily oxi- 
diffuse absorption bands of haem by the red colour dized in air, forming, within a certain range of pH, 
and very sharp bands of haemochromogen. the reddish brown compomid of parahaematin. 
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Haeniochromogeii, like liaem,. combines with carbon 
monoxido forming a CO-haemoclii’omogen in which 
one nioleciilc of the nitrogenous substance "is re- 
placed by one of CO, according to the following 

CM|uation: 

..'N subat. dark 

Porpli,: 4- CO . 

X aubst. light 

yCO 

Porpli. Fe'4 -fl N substance, 

subst. 

This re\’ersible reaction is light-sensitive, pi’oceed- 
ing in the dark towards the right and in the light 
towards the left. Our knowledge as to the structure 
of haeraoclirornogens can be summarized as follows. 
The four pyrrole nuclei of the porphyrin, united by 
four CH^-=:groups, are arranged in a flat closed -ring 
system, the hollow space of which, in haematin, is 
occupied by the iron atom. Of the six covalencies 
of Fe four lie in tlie same plane and connect it with 
the nitrogens of the pyrrole rings, while one wdiich 
lies above and the other below this plane connect it, 
in a haemochromogen, with the two molecules of a 
nitrogenous substance such as pyridine. One can 
see therefore that the Fe of haem wdll not be equally 
accessible to different nitrogenous substances which 
may react with free Fe. 

Of the nitrogenous substances reacting with 
haem, the purine caffeine (l:3:7-trimethylxanthine) 
is of special interest. Purines or pyrimidines occur 
in nucleic acids, coenzymes (pyridine -adenine di- 
nuoleotide), the prosthetic group of enzymes (ribo- 
flavin adenine dinucleotide) and in adenylic acid. 
On the other hand, the iminazole ring, which occurs 
not only in purines but also in several other bio- 
logical substances, especially in histidine, was 
recently suspected to be one of the links by means 
of which globin combines with haem to form 
haemoglobin. Finally, caffeine and some other 
purines and iminazole compounds have important 
pharmacological properties. 

Although the reaction between caffeine and haem 
has twice been mentioned in the literature [D. Keilin, 
1933; Barron, 1937], the nature of the eompomid 
thus formed was not properly understood nor were 
the reactions of other purines in this respect ever 
recorded. 

The object of this investigation is to determine 
the nature of the reaction taking place between 
haem and other tetrapyurrolic compounds with 
caffeine and also with other purines and iminazole 
derivatives. 

MATEBIAL AND METHODS 

Haemin used in this work was prepared from horse or ox 
blood by the Schalfejeft* method. Caffeine was recrystallized 
from ethanol or from water. The reactions were followed 
spectroscopically, using for this purpose, according to re- 
quirements, one of the following four instruments: 


(1) i\licrospectroscope ocular attached to a microscope 
which enables a raxiid study of solutions in layers of 
difterent thickness examined in a test-tube, kept at an 
angle with the microscope stage. It also makes possible 
the study of mixtures in very narrow flat-bottomed tubes 
placed vertically above the condenser of the microscojje. 
As these tubes require a very small amount of material, 
they are most suitable for the study of compounds available 
only in small quantities. Finally, by means of the com- 
parative prism of the microspectroscope ocular, the absorp- 
tion spectrum of one compound can be compared with that 
of another. 

(2) Hartridge reversion spectroscope in a horizontal 
position, or attached to a microscope in place of an ocular, 
was used only for rapid determination of the exact position 
of absorption bands. 

(3) Hilger Nutting spectrophotometer was used for more 
detailed study of absorption spectra in the visible region. 

(4) Hilger quartz Spekker photometer was used for the 
study of the ultra-violet absorption spectra. 

In all curves representing the absorption spectra the 
absorption coefficient e is defined as 1/cd In Jq/J, where 
c is the concentration of the pigment in g. mol./ml., d being 
the length of the tube in cm., Iq and I the intensities of 
incident and transmitted light respectively. 

RESULTS 

Eeaction of haems and derived compounds 
with caffeine 

Reaction of caffeine and protohaem, A stock solu- 
tion of, alkaline protohaematin, prepared by dis- 
solving about 12 mg. protohaemin in 50 ml. of 1 % 
NagCOs or of O-liV NaOH, was diluted, according to 
requirements, either with alkali or with distilled 
water. Na 2 S 204 reduces the haematin to haem (two 
diffuse absorption bands). A little caffeine turns the 
reduced solution from reddish bro^vn to a distinctly 
red colour, and its two diffuse bands are replaced 
by two much stronger bands : a, 570mf6 and 

540 m/x. Both of these bands lie nearer the blue 
end of the spectrum than the corresponding bands 
of haem, and the intensity of the a-band is rduch 
greater than that of the )S-band (Fig. 1) . The y-band 
is also intensified and shifts from 385 to 413mjLt. 
Moreover, the solution becomes very clear and does 
not precipitate on standing. 

The minimum amount of caffeine required to 
complete this transformation was determined by 
adding known amounts of caffeine to standard solu- 
tions of haem, and comparing it spectroscopically 
with a solution of haem containing excess caffeine. It 
was thus found that the formation of the new com- 
pound requires at least 20 mol. caffeine/mol. haem. 

Reaction of caffeine and haems other than proto - 
haem. Caffeine reacts similarly with other, haems 
such as mesohaem, haematohaem and deuterohaem. - 
Caffeine reinforces and shifts the visible absorption 
bands of all these substances towards the blue end 
of the spectrum and prevents the precipitation of 
these pigments. 
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Reactions of calcine and GO -protohaem, CO- 
protohaem is miicli more soluble than haem, giving 
a red solution with the absorption bands at 565 and 
542 m/x, which has no tendency to precipitation. 
On the addition of caffeine to CO-pfotohaem the 
absorption bands of the latter become more intense 
and both bands are shifted considerably towards 
the red end of the spectrmn (Fig. 1), their positions 
now being a, 590 m/x and 551 mja. The solution 
has a tendency to become more cloudy and on 
standing the compound precipitates. 
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Wave-length A. 

Fig. 1. Absorption spectra in the visible region of haem 
and CO-haem with and without caffeine. 

The minimum amount of caffeine necessary for 
this reaction was determined in the usual way, and 
it was found that 1 ml. 1*5 x 10“^ M haem soiiition 
in 1 % ISragCOs requires for the formation of this 
compound, CO and 0*1 ml. l‘5xlO~^M caffeine, 
while the addition of 0-1 ml. 0-75 x 10~^M caffeine 


as pyridine, nicotine, etc.,, yet the effect of caffeine, 
and CO reveals that it differs markedly from the 
original fresh haematin solution. 

That a protohaematin solution in -NagGOa does 
undergo some important changes on standing ,;is 
also shown by two other properties : it is no longer 
soluble. i.n a mixtui'e of ether and acetic acid and 
it, does not give haemin crystals when treated with 
acetic acid and ISTaCl. On the other hand, if the haem 
solution is kept in a thoroughly evacuated Thuiiberg 
tube eontain.ing an alkaline solution of NaaSgO^ in 
its hollow stopper it retains all the properties of 
a fresh solution of haem for several weeks. Such 
a solution, even .after 5 weeks, gives the charac- 
teristic caffeine CO-haem compound with the 
a-band at about 590 m^. Clearly the irreversible 
changes taking place in a carbonate solution of 
haematin are oxidative, and are irreversible even 
on addition of KagSaO^ for the purpose of reducing 
haematin to haem. The caffeine -CO -haem reaction 
therefore represents one of the most sensitive tests 
for the oxidative deterioration of a haematin solu- 
tion, -which can be detected even a few hoiu*s after 
its preparation. 

Reaction of caffeine and CO compounds of other 
haems. We have seen that such compounds as 
haemato-, meso- and deuterohaem react with 
caffeine showing characteristic changes in their 
absorption spectra. These haems also react with 
CO, forming the corresponding CO-haems. On the 
other hand, the addition of caffeine to these CO- 
haems hardly affects their absorption spectra, a 
fact w^hich shows that caffeine reacts solely with the 
CO -protohaem prepared from protohaemin crystals. 

Reaction of caffeine and haemochromogens. Pyri- 
dine deuterohaemochromogen obtained by the addi- • 
tion of a minimum amount of pyridine to deutero- 
haem forms the best material for the study of this 
reaction. This haemochromogen shows two very 
strong absorption bands: a, 550 m/x and 520mjLx. 
On the addition of an excess of caffeine the bands 


gives only about ,30-40% of this compoimd. This at first become double and then the bands of 
clearly shows that its formation requires 1 mol. of pyridine haemochromogen are gradually replaced 
eaffeine/moL of CO-haem. ... by two more diffuse but still strong bands of 

While a solution of protohaemin in O- IN NaOH, the caffeine-haem compound lying at a, 560 m/x 
even when several days old, easily forms the - and jS, 530 m/x. On the addition of more pyridine 
caffeine CO-haem compound, the solution of hae- these bands rapidly disappear, and are replaced by 
min in 1-3% ISTagCOg gives tliis compound only those of the ordinary pyridine haemochromogen. 
when freshly prepared. Such a solution after stand- These reactions give the appearance of competition 
ing for 6 hr. or overnight forms mainly or solely between pyridine and caffeine for the haem. Similar 
a typical CO-haem, the absorption spectrum of results can be obtained by treating with caffeine 
which is not modified even on the addition of a large the haemochromogens obtained from other haems 
excess of caffeine. In the absence of CO, however, and other nitrogenous substances. The signineance 
it forms with caffeine the characteristic caffeine- of this reaction w;ill be discussed below, 
haem compound described above. Although the Reactions between caffeine and porphyr his. Meso- 
old solution of haematin in ]!Sla 2 C 03 gives typical porphyrin hydrochloride, dissolved in 0*1 % NagCOs, 
haemochromogen and CO -haemochromogen com- gives a brownish red opalescent solution of alkaline 
pounds with different nitrogenous substances such porphyrin with a very characteristic diffuse absorp- 
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t'ion spcctriiiii, the bands near the red end of tlie 
speetniiii l>eiiig t’he most distinct. On tlie addition 
of mflejue in fins sointion, the opalescence rapidly 
disappears, tlie? solution becomes elearj its colour 
turns to saiiuon pink aiirl the abse>rptioii spectrum 
appears to be composed of sharp and distinct 
bands {Figs. 2,. 3). This sharpening of the bands is 


Holden considered that this reaction indicated the 
formation of a compound, between porphyiin and 
giobin, which suggests that ‘the porphyrin residue 
plays a part in the formation of haemoglobin inde- 
pendently of the iron b. „ 

This view was not, however, accepted by Hauro- 
witz & Waeisch [1929], who foimd that although 
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.'Fig. 2. '' . Fig. a. 

Absorption spectra in the visible region of mesoporphyrin in weak carbonate solution 
with and without caffeine and in pyridine. 

Absorption spectra in ultra-violet region of mesoporphyrin in weak carbonate solution 
with and without caffeine. 



aecompanied by the dispiacemeiit of the last three 
■ bands (II, III and IV) towards the blue end of the 
spectrum. About 20 moL or more of caffeine are 
required per moi. of porphyrin to complete this 
change of colour and of absorption spectrum. The 
porphyrin thus modiiied remains in solution even 
on tlie addition of a little CaCOg. Caffeine also 
affects other porphyrins such as proto- and liaematO" 
porphyrin in the same way, dispersing their colloidal 
solutions and changing their colour and their ab- 
sorption spectra. Similar effects can, however, b© 
obtained by treating porphyrins with solvents like 
pjTidine and ethanol (Fig, 2), or with surface active 
substances such as sodium desoxycholate, sodium 
t-aiirocholate, digitonin and sodium dodeeyl sul- 
phate which dissolve or disperse the aggregated 
molecules of porphyrin. 

The reaction of porph^Hns with caffeine shows a 
great similarity to the reaction of porphyrin with 
giobin. Hill & Holden [1926] found that when 
liaemato- or mesoporphyrin in dilute JSTaHCOg is 
added to a solution of native giobin, the colour of 
the porphyrin changes from orange to pink and its 
absorption bands, previously diffuse, become very 
sharp and intense. Moreover, the solution thus 
obtained is no longer precipitated by CaCOg . Hill & 


serum proteins affect the colour and the absorption 
bands of porphyrin in the same way as does giobin, 
yet these proteins form no haemoglobin with haem. 
It is, on the other hand^ possible that for the forma- 
tion of haemoglobin the protein must combine both 
with the porphyrin and with the iron of haem, and 
that ‘serum proteins’ fail to give haemoglobin be- 
cause in their native state they do not react with 
the iron of haem. 

Reactions of caffeine with metalloporphyrins. The 
best material for the study of this reaction is 
turacin. This pigment, described for the first time 
by Church [1870; 1892] as a copper porphyrin 
compound, was considered by Fischer & Hilger 
[1924] to be composed of copper and uroporphyrm I, 
Its structui’e was recently reinvestigated by Riming- 
ton [1939] who identified it as a compound of copper 
with uroporphyrin III, the natural isomer allied to 
the porphyrin of haemoglobin. 

Turacin is very soluble in weak alkalis giving a 
clear purplish red solution with tw^o absorption 
bands: a, 562-5 m/x and 526*0 mg. On acidifying 
this solution, turacin changes its colour from pur- 
plish red to orange, and the two absorption bands 
are shifted towards the red end of the spectrum: 
a, 583 mg and /3, 542 mg. The pigment gradually 
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aggregates until it forms a floccuient orange pre- 
cipitate. This change in colour and absorption 
spectrum takes place even if the precipitation of 
turacin is prevented by the addition of a colloidal 
protector such as 0-2-0*4% gum arabic. The ab- 
sorption spectrum of turacin in feathers is the same 
as that of its acid suspension. It was clearly demon- 
strated [D. Keilin, 1926] that the two distinct absorp- 
tion spectra of turacin are due to different degrees 
of dispersion of the pigment, the bands shifting 
towards the blue end of the spectrum as the degree 
of dispersion increases and towards the red end of 
tJie spectrum when the molecules of the pigment 
begin to aggregate. In fact, the absorption spec- 
trum of turacin in acid ethanol and in aqueous 
alkaline solution is the same. 

The dispersing properties of caffeine can therefore 
easily be tested with turacin. For this purpose a 
red feather of a Turaco bird is washed in ether and 
immersed in a very weak solution of ammonia, 
giving a characteristic purplish red turacin solution. 
On acidifying this solution with acetate buffer 
pH 4-5 the solution timis rapidly orange and the 
absorption bands are shifted towards the red end 
of the spectrum (a, 583 ni/x; 542 mp,). If a small 
amormt of caffeine is now added, the colour of the 
solution becomes purplish red and the absorption 
bands return to their initial position (a, 562 m/x; 

526 m/x), although the solution remains distinctly 
acid. This clearly shows that caffeine disperses the 
aggregates of acid turacin probably by forming a 
complex with its porphyrin. Even an alkaline solu- 
tion of turacin is affected by caffeine; this is shown 
by a perceptible intensification and a slight shift of 
its absorption bands further towards the blue end 
of the spectrum. Caffeine also intensifies and shifts 
the absorption bands of other metalloporphyrins 
such as manganese mesoporphyrin. It is interesting 
to note that although a caffeine -like effect on turacin 
can be obtained with solvents like ethanol and 
pyridine, it camiot be imitated by surface active 
substances or detergents such as bile salts or Ha 
> dodecyl sulphate. 

Nature of reaction between caffeine and haem 

We have seen above that the addition of caffeine 
to haem changes its colour from reddish brown to 
red and markedly affects its absorption spectrum 
by reinforcing and -shifting its bands. 

It is generally believed that the changes taking 
place in haem on the addition of a nitrogenous silb- 
stance are always due to the formation of a haemo- 
chromogen compound, in other words to a direct 
combination of the Fe" of haem with two molecules 
of this nitrogenous substance. In fact, the reaction 
between caffeine and haem was previously ascribed 
to the formation, of such a caffeine-haemochromogen 
compound [D. Keilin, 1933; Barron, 1937]. A more 


detailed study of this reaction, however, does not 
support this view. On the contrary, it shows that 
caffeine reacts not with the iron but with the porphy- 
rin of the haem, andcaffeine-haem is therefore a more 
appropriate name for such a compound. This ‘supposi- 
tion is supported by the folio wing considerations: 

(1) Caffeine, imlike the haemocliromogen -form- 
ing nitrogenous substances, even within the charac- 
teristic very limited range of pH, never forms a 
parahaematin compound with haematin. 

(2) It is well Imown.that haematin does not form 
a true- solution even in alkali. It is always present 
in the form of molecular aggregates reaching a 
molecular weight of about 50,000 [Zeile & Giiant, 
1940], After reduction the aggregates of haern 
rapidly increase in size, and eventually form a 
precipitate. The diffuse absorption spectrum of 
haem is probably due to the formation of these large 
molecular aggregates. The clarification of the haem 
solution, and the reinforcement and shift of its 
absorption bands towards the blue end of the 
spectrum, caused by the addition of caffeine, can 
only be ascribed to the dispersion of these large 
molecular aggregates of haem. In fact, similar 
changes in haem can b© observed on the addition 
of solvents such as ethanol, or of the previously 
mentioned surface active substances. 

(3) That the dispersion of haem is probably due 
to complex formation between caffeine and the 
porphyrin of haem is strongly supported by the 
fact that caffeine reacts in a similar way with other 
metalloporphyrins such as turacin, as well as with 
free porphyrins. 

(4) The effect of caffeine on haemochromogens 
suggests at first sight the possibility of competition 
between caffeine and pyridine for the Fe“ of haem. 
This competition is, however, an apparent one, as 
similar results can be obtained by using a suitable 
solvent or surface active substance. 

Nature of reaction between caffeine and GO -haem 

This remarkable effect of caffeine can be tenta- 
tively explained in two different ways : 

(1) It is possible that caffeine combines directly 
with the Fe of GO-haem and forms CO-caffein© 
haemochromogen, although, as w^e have seen, it may 
not form with haem a caffeine haemochromogen. 
This supposition is supported by the following 
considerations: 

(a) CO -haem is known to have a much greater 
affinity than the free haem for nitrogenous sub- 
stances. 

[b) Only one molecule of caffeine per molecule 
of CO -haem is required for the complete change in 
the absorption spectrum of the CO -haem. It is 
known, on the other hand, that the formation of 
CO -haemochromogen requires only on© molecule of 
a nitrogenous substance per Fe atom of haem. 
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{€) addition of caffeine to CO -protohaem 

sill ft s its absorption hands towards the red end of 
the spetdruiii and makes the compound less.soluble. 
This is very unlike its effect on haem, on the 
iiietalif>pf>rphyrins and on porphyrins which, on 
the contrary, are dispersed and made more soluble, 
it is knuwin however, that while CO-haem is one 
of the most soluble derivatives of haematin in 
dilute alkali, CO-liaemochromogen is a much less 
soluble compound. 

(2) An alternative and, more plausible expiana- 
ti r>n is that caffeine, as in the case of other tetra- 
p\Troiic compounds, reacts with the porphyrin and 
not witli the Fe of CO-haem. This is supported by 
the follo^dng considerations: 

{a) The characteristic effect of caffeine on CO- 
haern is obtained only if the haem is prepared from 
a solution of protoha ematin ; it has no marked effect 
on the CO-eompoimds of other haems such as 
meso-, haemato-, or deuterolmem. 

(b) Unlike CO-haemochromogen, the caffeine 
CO-haem compound is not affected by light. 

(c) On the addition of a solvent like ethanol, or 
of surface active substances such as bile salts, the 
characteristic absorption bands of caffeine-CQ- 
baein are rapidly replaced by those of the ordinary 
CO-haem compound. Moreover, on the addition of 
pyridine, an ordinary CO-pyridine haemochro- 
mogen is formed. 

EeacUon of purines other than caffeine 
with tetra p yrrolio compounds 

Tins study re\'eaied the remarkable fact that 
caffeine and chlorocaffeine are the only purines 
wMch react with haem and its derivatives in 


CH3N- 


9— NmH^) 

G — N CHaN- 


cafieiae 



CH 3 N 

-NH 

OC 

>H 


■N 

CHgN 


■aiN C N' 

theobromine 

-CO 


theophylline 


l:3:7-trimethyl uric acid 


the manner described above. The other purines 
examined in this respect were completely inert and 


negative results have been obtained with adenine, 
guanine, xanthine, hypoxanthine, paraxanthiiie, 
heteroxantliine, theophylline, theobrominer-' uric 
. acid and at least twelve of its derivatives including 
l:3:7-trimethyL uric acid. Yet the structures of, 
three of these compounds, theophylline, theobro- 
mine and l;3:7-trimethyl uric acid, closely re- 
semble that of caffeine. 

It seems that in order to react with haem or 
with a porphyrin, the purine must have the nitro- 
gen atoms 1, 3 and 7 methylated; the hydrogen 
in position 8 may be replaced by chlorine but not 
by oxygen. 

Effects of pyrimidine and iminazole compounds 
on haem and its derivatives 

The three pyrimidines — thymine, cytosine and 
uracil — tested in the usual way, produced no 
effect either on different haems or on their por- 
phyrins. 

Iminazole compounds, on the other hand, are 
known to react with haematins and their deriva- 
tives. Kiister & Koppenhofer [1927] were the first 
to suggest that the iminazole ring of histidine 
probably represents the group by means of which 
the haem is attached to globin to form haemo- 
globin. The great affinity of 4(5) -methyl iminazole 
for haem with formation of haemochromogen, and 
for haematin with formation of parahaematin 'was 
shown by Holden & Freeman tl929]. They find it 
‘difficult to believe that the iminazole ring of histi- 
dine is the sole or even the chief group in proteins 
which combines with reduced haematin. It may well 
be, especially in the ease of denatured globin, that 
some of the molecules of reduced haematin combine 
with two different types of nitrogen atom, one of 
which is in the iminazole ring’. Langenbeck [1932] 
obtained crystalline parahaematins of glyoxaline 
and 4(5) -methyl iminazole. The facts, (i) that certain 
iminazole compoimds have such a great affinity for 
haematin, and (ii) that globin is so rich in histidine, 
suggest, according to Langenbeck, that histidine 
must play an important part in linking haematin 
to globin. Haurowitz [1935], however, pointed out 
that not all iminazole compounds have high affinity 
for haematin; histidine itself does not form a stable 
parahaematin compound nor on reduction does it 
give a haemochromogen; globin of invertebrate 
haemoglobins is not rich in histidine. 

The comparative study of other iminazole com- 
pounds in respect of their reactions with alkaline 
porphyrin, haematin, haem, CO-haem and acid 
turacin were carried out on other purines (v. sup.)f 
iminazole, iminazole 4:5-dicarboxylicacid, 1 -methyl 
iminazole, benziminazole, 1 -methyl benziminazole, * 
histidine, histamine, ergothioneine, anserine, carno- 
sine and pilocarpine. The results of these experi- 
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inents, whicli are s,howii in Table 1, can be sum- 
marized as follows: 

(1) Caffeine and cMorocaffeine are the only 
purines which give the characteristic reactions ■ 
described above. Other purines, including theo- 
bromine, theophylline and l:3:7-trimethyl uric acid, 
do not react with either haematin, haem, other 
metalloporphyrins, or porph5?Tins. 


histidine and jS-alaniiie, forms with haem a typical 
haemochromogen but fails, to react with porphjwins. 

(5) 'The fact that globin [Hill ,& Holden,: 1926] 
and serum proteins [Haurowitz ,& Waelseh, 1929]' 
react with porphyrins, in the same way as caffeine or 
pilocarpine, .suggests that some of the .cons titii©,iits 
of these proteins must have certain ' prop.erties ■ in , 
common with the 1 -methyl iminazole derivative. 


Table 1. Reaction of different iminazole compounds with tetrapyrroUc compounds 
0 means no appreciable reaction, observed. 

‘Caffeine efiect’ means dispersion, solution, reinforcement and shift of bands. 

Alkaline 



Haematin 

Haem 

CO -haem 

porphyrin 

xlcid tu,racin 

( jaffeine and 

0 

Caffeine-haem 

Caffeine-CO haem 

Caffeine effect 

Caffeine effect 

chlorocaffeiue 

Other purines 

0 

0 

0 

0 

0 

Iminazole 

Paraliaematin 

Haemochromogen 

CO -haemochromogen 

0 

0 

1-ffethvi 

Parahaematin 

Haemoch romogen 

CO-haemochromogen 

Caffeine effect 

Caffeine effect 

iminazole 

Inmiazoie 4:5- 

Parahaematin 

Haemochromogen 

CO-haemochromogen 

0 

0 

carboxylic acid 

Benziininazole 

0 

0 

0 

0 

0 

Methvl beuz- 

0 

Haemo chromogen 

CO-haemochromogen 

0 

0 

iminazole 

Histidine 

Parahaematin 

Ha emo chromogen 

CO-haemochromogen 

0 

0 

Histamine 

Parahaematin 

Haemochromogen 

CO-haemochromogen 

0 

0 

Ergothioneine 

0 

0 

0 

0 

0 

Anserine 

Parahaematin 

Haemo chromogen 

CO-haemochromogen 

0 

0 

Carnosine 

0 

Haemochromogen 

CO-haemochromogen 

0 

0 

Pilocarpine 

Parahaematin 

Haemochromogen 

00 -haemo chromogen 

Caffeine effect 

Caffeine effect 


(2) The other iminazole compoimds, unlike 
caffeine, combine with the Fe of haematin, of haem 
and of CO -haem, forming respectively parahae- 
matin, haemochromogen and CO -haemochromogen. 
Histidine forms these compounds with difficulty, 
while ergothioneine does not seem to form them 
at all. 

(3) Of all the iminazole compomids tested, only 
pilocarpine, and to a lesser degree, 1 -methyl imina- 
zole (in addition to their ability -to form para- 
haematins, haemochromogens and CO-haemochro- 
mogens), share with caffeine the property of 
reacting with and dispersing the porphyrins and 
metaiioporphyrin compounds. In the alkaloid 
pilocarpine, the 1 -methyl iminazole ring is attached 
solely by its carbon 5 to another ring which can be 
easily separated as homopilopio acid : 

yCHg 

CHa . CHa . OH CH—CHa—C Pilocarpine 

CO— 0— HO 

(4) The fact that with porphyrin pilocarpine 
reacts like caffeine and with haem like 1 -methyl 
iminazole or even pyridine, shows that the failure 
of caffeine and of other purines to react with the 
Fe‘* of haem and to give a haemochromogen com- 
pound, is probably due to the steric hindrance 
caused by the pyrimidine ring. It is also interesting 
to note that anserine, a dipeptide of methylated 


However, the only iminazole compound so far 
known to occur in proteins is histidine which, as 
we have seen, does,/ not react with porphyrins. 
Negative results in this respect were also obtained 
with other constituents of proteins such as alanine, 
arginine, aspartic acid, cystine, cysteine, glutamic 
acid, glycine, hydroxyproline, leucine, lysine, me- 
thionine, phenylalanine, proline, serine, trypto- 
phan, tyrosine and valine. 

The observation that some proteins have a very 
strong ‘ caffeine effect ’ on aqueous solution of alka- 
line porphyrin, while no; known constituent of these 
proteins shows such an effect, can be explained in 
two ways : 

(1) The protein may contain an additional un- 
known constituent with the properties of the 
iminazole ring of caffeine or pilocarpine. 

(2) The iminazole ring of histidine, when this 
amino -acid forms part of a polypeptide, may differ 
m pertain properties from that of the free amino- 
acid, and may resemble more the iminazole ring of 
eaffeme and pilocarpine. 

More work, however, is required before one or 
other of these explanations can be definitely ac- 
cepted and important information as to the chemical 
structure of proteins and the properties of poly- 
peptide chains may be obtained by making use in 
these investigations of the reactions with haematins 
and their derivatives. 
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Pkysieo^ckemiml properties of caffeine and its 
pharmamlogiml action 

i,t is we?!! known that caffeine acts on the central 
nervous s.ystem, tlie kidneys, muscles and heart. 
The most important pharmacological action is that 
i'm urinary excretion, but there is no general agree- 
ment as to the mechanism of caffeine diuresis: 
various interpretations were critically reviewed by 
A'erney & Wiiiton [1930] and by Smith [1937]. 
Elliuger, Heymann & Klein [1921] and Bruhl [1929] 
alnrie ha\’e made an attempt to correlate caffeine 
( liuresis with certain pliysico-ehemical properties of 
tiiis drug, and only the results obtained by these 
woriccrs will therefore be discussed. Ellinger al. 
fraind that the rate of ultrafiltration, of Ringer 
solution, mixe?d with serum, through a Bechliold 
collodion membrane (impermeable to proteins) is 
increased 00% by the addition of as little as 1 in 
.“>6,000 caffeine. This is ascribed by these workers to 
the direct effect of caffeine on the properties of 
proteins, lowering tlieir affinity for water, and not 
to tlie increased permeability of the filter mem- 
brane or gloraeruli. Tliis physico-chemical mechan- 
ism explains, according to Ellinger et aL, all the 
facts of caffeine diuresis. On the other hand, Bruhl 
[1920] found that caffeine protects protein from 
precipitation by low concentrations of ethanol and 
increases the solubility of congo-red, and of certain 
amino-acids. Briihl ascribes these effects to the 
ability of caffeine to combine with proteins and 
otlier organic substances, and this seems to agree 
with some of the results obtained by other workers 
[Sciiuller, 1929; Labes & Rubenbeck, 1933]. He 
found also tiiat the permeability to buffer solutions 
of collodion membranes impregnated with albumin 
or globulin, is mucli increased by the addition of 
caffeine. According to Bruhl the diuretic effect of 
this drug is due to an increased permeability of 
glomeruli, a view previously expressed by Cushny 
& Lambie [1921]. Keither Ellinger et al, nor Briihl 
has compared the physico-chemical properties of 
caffeine which were observed with those of theobro- 
mine and theophylline. There is little doubt that the 
reactivity of caffeine and its solvent and dispersing 
properties discussed above are intimately connected , 
witli tile physico-chemical properties of this drug 
which are considered by Ellinger ah and by Briihl 
to explain the mechanism of caffeine diuresis. We 
have seen, on the other hand, that in its physico- 
chemical properties as re\^ealed by reactions with 
tetrapyrrolic compoimds, caffeine differs very 
markedly from theobromine and tbeophyiline. If 
therefore these properties of caffeine have a direct 
bearing on its physiological action, the diuresis 
induced by the three purine derivatives caimot be 
ascribed to one and the same mechanism. All this 
shows that the intimate mechanism of caffeine 
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diuresis will probably only be solved by^a com- 
parative physico-chemical and physiological study 
of the tiiree diuretic purines carried out in the same 
way and under the same conditions. 

S’UMMARY 

1. On the addition of caffeine to an alkaline 
solution of protohaem, the solution turns from 
reddish brown to red, and its two diffuse absorption 
bands are replaced by much stronger bands lying 
nearer the blue end of the spectrum. .The solution 
loses its opalescence and on standing does not 
precipitate. A similar effect is produced by caffeine 
on other haem compounds such as meso-, deiitero- 
and haematohaem. 

2. Contrary to the view held by previous 
workers, the compoimd thus obtained is not a 
caffeine -haemochromogen. In this reaction caffeine 
combines, not with the Fe“ of haem, but with its 
porphyrin as the following evidence shows: (a) Ad- 
dition of caffeine to an aqueous alkaline solution of 
porphyrin changes its colour from orange to salmon 
pink, and greatly intensifies and shifts its absorp- 
tion bands. The solution loses its opalescence and 
does not precipitate on standing, (b) Caffeine in- 
tensifies and shifts the absorption bands of metallo- 
porphyrin compoimds. It disperses and dissolves 
a suspension of acid turacin, the colour and the 
absorption spectrum of which become similar to 
those of an alkaline solution of this pigment, 
although the reaction of the solution remains acid. 

(c) About 20 mol. of caffeine per mol. of haem or 
porphyrin are required to produce the complete 
transformation, (d) The effect of caffeine on haems 
and on porphyrins can be obtained by treating 
these pigments with solvents, or with surface active 
substances such as bile salts or sodium dodecyl 
sulphate. 

3. Caffeine reacts with CO-protohaem shifting its 
two absorption bands from a, 565 mp and 542 mp 
to 590 mg and 551 mg respectively. Only one 
molecule of caffeine per molecule of CO-protohaem 
is required to complete this change. 

4. This effect of caffeine can be obtained with 
CO-protohaem prepared from a fresh solution of 
haematin. After standing in air for 24 hr. or less, 
the solution in carbonate fails to give the charac- 
teristic caffeine CO -haem compound, while the same 
solution, if kept anaerobically, gives this reaction 
even after several weeks. In carbonate solution 
haematin is apparently very unstable in air. 

0 - Caffeine gives no reaction of this nature with 
CO -haem compounds o btained from other haematins 
such as haemato-, deutero- and mesohaematin. 

6. Two possible explanations as to the me- 
chanism of the reaction between caffeine and 
CO -haem are proposed and discussed. 
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7. Caffeine and clilorocaffeine are the only 
purines which react as described with haem, CO- ' 
protohaem, porphyrins and metailoporphyrins. No . 
other purine, out of about 20 tested, including 
theobromine, theophylline and l:3:7-triinethyl uric 
acid, gives any of these reactions. 

8. The fact that chloroeaffeine behaves in this 
respect like caffeine, shows that the H in position 8 
can be replaced by Cl but not by Og . 

9. Of all the iminazole compounds tested, only 
pilocarpine, and to a lesser degree 1 -methyl imina- 
zole, react with the porph 3 n’in in the same way as 
caffeine; but, unlike caffeine, with haematin, haem . 
and CO -haem, they give parahaematin, haemo- 
chromogen and CO-haemochromogen compoxmds 
respectively. 

10. The fact that globin and certain serum pro- 
teins react with porphyrins in the same manner as 


caffeine, while none of their amino-acid consti- 
tuents, including histidine, gives this reaction, 
suggests that (a) either these proteins contain an 
additional, not yet isolated, constituent having 
these properties, or (b) that the iminazoie ring 
of histidine, when the latter is incorporated in 
a polypeptide chain, may have some of the pro- 
perties of the iminazoie ring of caffeine and of pilo- 
carpine. 

11. The bearing of all these properties of caffeine 
on the mechanism of caffeine diuresis is discussed. 

I wish to thank Prof. I). Keiliu and Dr R. Hill for their 
helpful suggestions and interest in the progress of this 
work; Br E. P. Hartree for the preparation of pure samples 
of iminazoie, 1 -methyl iminazoie and methyl benzimina- 
zole; Br P. Eggleton for samples of carnosine and anserine; 
and Br F. G, Mann for samples of paraxaiithine and 
heteroxanthine 
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The Action of Proteolytic Enzymes on Fibrinogen Solutions 


By H. G, hind. From the Evans Biological Institute, Runcorn, Cheshire 
‘ {Received S January 1943) 


It has been recognized for some years that a proteo- 
lytic enzyme system may be concerned with blood 
coagulation. Wright [1915] noted that blood coagu- 
lation could be inhibited by the addition of trypsin, 
and Douglas & Colebrook [1916] confirmed this 
observation, but demonstrated that smaller quan- 
tities of trypsin had the effect of shortening the 
clotting time. 

Further studies of the effect of trypsin on blood 
coagulation have been reported by Tyson & West 
[1937], Eagle & Harris [1937], and Mellanby & 
Pratt [1938]. Though differences are evident be- 
tween these investigations all the authors agree that 
trypsin in sufficient amounts prevents coagulation. 


and assume that the fibrinogen is destroyed. More 
recently, Tagnon, Davidson & Taylor [1942] have 
demonstrated the presence in chloroform-treated 
serum of a proteolytic enzj-une which appears to be 
derived from the plasma globulins. This enzyme, 
like trypsin, prevents coagulation in large amounts, 
while in smaller amounts it hastens coagiilation 
with subsequent digestion of the clot. 

The work reported here is concerned mainly with 
the effect of pepsin on fibrinogen solutions and on 
plasma at pH values of 5* 0-5’ 6. This limited pH 
range is necessary because at values below 5*0 
fibrinogen tends to precipitate, and at values higher 
than 5*6 pepsin is inactivated. 
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Tiiv results iiKiieate that mider suitable condi- 
tions |♦ep^in reacts inimediately with fibrinogen, 
the product differing from fibrinogen in not being 
]>reeipitahle l),y 20% saturation with (■NHJgSO.j, 
or hy half-saturation with NaCl. The fibrinogen 
modified !>y peptic action is referred to in this paper 
iis ‘ non -precipi table fibrinogen ’ (i.e. notprecipitable 
hy low eoficentrations of salts), as compared with 
untreated fibrinogen, which is referred to as ‘pre- 
e ipi table fibrinogen h 

IMETHODS 

J^iasma find serum. Worse plasma (oxalated and 
centrifuged) or serum was used, in most cases from 
horses wliicli had not responded well to diphtheria 
immunization. 

Solutions of Jihrinogeii, To 1000 ml. of plasma 
were added 300 ml. of sat. (]SiH4)2S04. The precipi- 
tate was coUecte<l by centrifuging, and dissolved 
in 1000 ml. of saline. The precipitation and solution 
were both repeated twice [cf. Warner, Brinkhous & 
Smith, 3935-6]. The final solution was adjusted to 
pH. 5*4 by cautiously adding acetate buffer (pH 5*0) 
and was centrifuged before use. 

' Chloroform serum ’ was prepared as described by 
Tagnon [1942]. 

Pepsin, This was a commercial (1/3000 u.s.P.) 
product. 

pff values were determined by means of a glass 
electrode, 

Estimutlon of salt~precipitable fibrinogen, Salt- 
preeipitable fibrinogen in the plasmas and digest 
mixtures was assayed approximately by precipita- 
tion with 20% sat. (NH4)2S04, and collection of 
the precipitate by centrifugation. The precipitate 
w'as dried at room temperatime by roiling on a No. 50 
Whatman filter paper, was treated with ethanol 
for 5 min. and finally dried at 110*^ to constant 
weight. Though the presence of foreign material 
(e.g. (NH4)2S04) was miavoidable in the dried pre- 
cipitate, the method in our hands proved suffi- 
ciently accurate for the purpose for wffiich it is used 
in this "^ork. 

Estimation of heat~precipitable fibrinogen. Normal 
fibrinogen is precipitated by heating in solution to 56° 
for 2 min. For the estimation of heat-precipitable 
fibrinogen the precipitate was collected by centrifug- 
ing and dried as for salt-precipitable fibrinogen. 

Temperature of enzyme- fiyi'inogenmixtures. Through- 
out this work the enzyme-fibrinogen mixtures were 
made up at room temperature (18°). 

RESULTS 

The effect of pepsin on plasma ’ 

In order to determine the amormt of pepsin which 
would render non -precipitable the fibrinogen in a 
given quantity of plasma, both pepsin and plasma 
were adjusted to 5*4. To 10 ml. quantities of 


plasma in test tubes was added a 1 % pepsin solu-' 
■tion, ...begmiiiiig 'With 1 ml. in the first tube and 
finishing with 10 ml. in the last. Ail volumes were 
adjusted to 20 ml. with water. 2 ml. quantities 
were removed from the tubes at intervals and these 
were tested for fibrinogen by the addition of 0*5 ml. 
of sat. (NH4)2S04' solution. This range usually in- 
cluded the end-point, giving a precipitate in the 
tubes with the smaller, but none in those with 
larger, amounts of pepsin. The end-point changes 
little after the first 5 min. during periods up to 
24 hr. The results of a typical experiment are given 
in Table 1. 

Table 1 . The reaction between plasma fibrinogen 
and 1% pepsin at pi? 5*4 and 18^ 


Time from 
beginning 


ml. pepsin/iO ml. plasma 

. - - - A, 

min. 

r 

1 

2 3 ,4 ' 5 ' ' 

8 

30 

120 

840 

4 - 4 - 4 - 

_j_y. 

^ — j_ 

+ -{- + 4: 4- 4- : 

4- 4. 4. 4- 



ml. pepsin/10 ml. plasma 


f 

6 

7 8 9 10 

8 

30 

120 

840 

' 4 - - 

' - Z 

The data 

indicate 

the precipitates obtained on the 


addition of (NH 4 ) 2 vS 04 to 20 % saturation. 

-h + + = heavy precipitate, 4- + = moderate precipitate, 
+ = light precipitate, 4- - = opalescence, - = no precipitate. 

In order to render the tests quantitative, larger 
digest mixtures were prepared corresponding to 
selected tubes which, in the preliminary test, had 
precipitated with 20% sat. (NH4)2S04. Usually 
10 or 20 times as much of each reagent was em- 
ployed in the larger digest mixtures. 100 ml. of the 
digest were removed at 5 and 15 min. after mixing, 
and added to 25 ml. of sat. (NH4)2S04 solution. 
A control experiment was done with plasma and 
water only. The results obtained in a typical ex- 
periment are given in Table 2. 

Table 2. TM effect of increasing amounts of pepsin on 
the amount of fibrinogen precipitable from plasma 
by 20% saturation with (NHf)^SO^ at pH 5-4 
and 18° 

Fibrinogen precipitable from 100 ml. 
ml. of 2 % of digest mixture (g.) 


ml. of 2% 
pepsin/200 ml, 

plasma After 5 min. After 15 min. 

0 0-2458 — 

20 0-1498 0-1500 

40 0-064 0-044 

60 Nil Nil 

Vol. of each digest mixture was made up to 400 ml. with 
H,0. 
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The ejfect of pepsin on solutions of fibrinogen 
Solutions of fibrinogen were treated in a similar 
maimer to tbe plasma. In a typical experiment 
tests showed that between 1 and 1*2 mi. of 0*2% 
pepsin prevented the precipitation, by (^14)2804, 
of the fibrinogen in 5 ml, of solution. Having deter- 
mined these approximate values larger digest mix- 
tures were prepared. After standing at room tem- 
perature for 10 min., the precipitabie fibrinogen was 
estimated in 100 mi. of each mixture. The results 


Estirmtion of heat-pi'ecipitable fibrinogen, (a) xit 
pH 5'4, A 100 ml, quantity of the mixture' eon- 
taining.-the largest amount of pepsin was heated at 

W for 2 min. 

.■ {b) At pH 8‘2. 100 ml.: .quantities of ;ail three 
mixtures were adjusted to pH 8*2, and heated at 
56® for 2 min. ^ 

The weights of the fibrinogen precipitates ob- 
tained imder the conditions given above are shown 
in Table 4. 


are given in Table 3, 

Table Z. The effect of increasing amounts of pepsin 
on the amoujit of fibrinogen precipitabie from 
fibrinogen solutions by 20 % saturation with 
iNEf}^SO^ atpH 5-4and 18^ 

Tibrinogen precipitabie from 
ml. of 0-2 % pepsm/150 ml. 100 ml. of digest mixture 

of fibrinogen solution after 10 min, (g.) 

0 0*2855 

3 0*2210 

9 0*1315 

21 0*0285 

Vo], of each digest mixture was made up to 210 mi, with 
H.O. 


. Table 4. A comparison of the amounts of fib7inogen 
precipitabie from digest mixtures by heat mid by 
salt at pH^ 6' f and at pH S-2 

Precipitate by 


Volume of 

1 % pepsin 
solution/ 
200 ml. 

Precipitate with 
(NH 4 j 2 S 04 from 

100 mi. of mixt ure 

g* 

; heating at 56° 
for 2 min. from 
100 ml. of mixture 
;g* 

A 

t 

\ 


plasma 

At 

At 

"At At 

ml. 

pH 5*4 

pH 8*2 

pH 5*4 pH 8*2 

160 

0*0472 

0*2292 

0*2498 0*2968 

120 

0*1608 

— 

— 0*2928 

80 

0*2648 

— 

- — 0*2838 

0 

0*2808 

— 

— 0*2872 


i The results in Tables 2 and 3 indicate that 

I fibrinogen in plasma requires more enzyme per g. 
to render it non -precipitabie than that in solutions 
of fibrinogen prepared by our method. 

I A comparison of the amount of fibrinogen precipitabie 
from pepsin-treated plasma by {NH^) 2 SO^ and by 
heat in the presence of active and alhali-inactivated 
I enzyme * , . 

} In order to furnish data as to the fate of the 

I fibrinogen on pepsin treatment, the effect of heat 
precipitation of the fibrinogen in pepsin-treated- 
plasma was compared with that of salt precipita- 
tion. Experiments were carried out at pH 5*4, at 
which pepsin is comparatively stable, and at pH 8*2, 
i at which pepsin is inactivated [Northrop, 1930]. 

Three digest mixtures were prepared by adding 
to three 200 ml. quantities of plasma at pH 5*4 
80, 120 and 160 ml, of 1 % pepsin. The volumes of 
I all the mixtures were adjusted to 400 ml. with water. 

I Estimation of the salt-precipitable fibrinogen, 

{a) At pH 5*4. 100 ml, quantities of the above 
mixtures were removed and the salt-precipitable 
fibrinogen estimated. 

[b) At pH 8-2, Only the mixture containing the 
greatest amount of pepsin, and therefore the least 
amount of salt-precipitable fibrinogen, was studied. 
100 ml. of this were removed, its pH was adjusted to 
8*2, and it was allowed to stand at room temperature 
for 3J hr., before estimation of the precipitabie 
fibrinogen. This time interval was necessary since 
the non -precipitabie fibrinogen was not immediately 
I rendered precipitabie on raising the pH to 8*2. 


f 

i 



The effect of pepsin treatment on the 
clotting of plasma 

Reference has already been made to the work of 
other investigators on the effect of active trypsin 
on blood coagulation. The effect of a proteolytic 
enzyme on plasma coagulation in the presence of 
active enzyme, and also following inactivation of 
the enzyme by mild alkali treatment, has now been 
studied. To 35 ml. of plasma were added 45 ml. of 
1 % pepsin. The solution after 2 min. gave no pre- 
cipitate in 20% sat. (NH4)2S04. The pH of the 
mixture was then raised to 8*2. 0*1 ml. of CaCig 
solution (sp. gr. 1*2) was added to 10 mi. of the 
mixture, which gave a clot after incubation at 37° 
for 25 min. The addition of 5 ml. of normal horse 
serum to 10 mi. of the mixture to which CaCla had 
been added, gave a clot in less than 5 min. at 37°, 

Efforts to clot plasma at pH values of 5*0-5* 6 
in the presence of active pepsin have failed con- 
sistently, whereas after inactivation of the pepsin 
by alkali, clots have been obtained at pH values 
of 5*5, 6*2 and 7*2. 

Experiments with trypsin, ’‘chloroform serum’' 
and papain 

The treatment of plasma with trypsin (B.D.H.) 
at pH 8*0 showed that at room temperatm*e this 
enzyme behaved similarly to pepsin, but since this 
enzyme, unlike pepsin, is not easily inactivated, no 
effort has been made in this case to determine 
whether the change produced is similar to that pro- 
duced by pepsin. Other workers [Eagle & Harris, 
1937], however, have declared that the fibrinogen is 



obtained for three separate experiments with differ- 
ent plasmas, by plotting the amount of fibrinogen 
rendered non-precipitabie by low concentrations 
of salts, imder the influence of pepsin, against the 
amoimt of 1/3000 pepsin present, illustrates this 
point (Fig. 1). 


destroyed by an excess of this enzyme, though it 
may V>e that in the efforts to prove its presence by 
hoiitinc. true digestion was brought about. Experi- 
meiitsliave sJiovrn that at room temperature the 
iimoiiut uf fibrinogen not precipitable by 20 % satu- 
ration with (XH.j) 2S04 is approximately propor- 
tional to the amount of tejissm added. The reaction 
piTjceeds rapidly, and little difference is noted in 
tlie weight of fibrinogen precipitable at 1, 15 and 

30 iniii. ^ 

An experiment with ‘chloroform serum at 
pK 6-0 showed that between 2 and 3 ml. of this 
would prevent the precipitation of fibrinogen in 
I ml. of plasma, whereas a control experiment with 
untreated serum gave a heavy precipitate of 
fibrinogen at all levels. , . ' , ■ 

The results with papain at pH 5-6 were similar 
to those with 


DISCUSSION' 

The results above show that pepsin and fibrinogen 
react at pH values of 5* 0-5* 6 in such a way as to 
render the fibrinogen non -precipitable at 20 % satu- 
ration with The amount of fibrinogen 

rendered non-precipitable is roughly proportional 
to the amount of enzyme added, and after the 
initial reaction the amount of fibrinogen modified 
not appreciably increased during 
‘ ' i. Inactivation of 

by" alkali restores to the fibrinogen 


g. of pepsin (1/3000) 

Fig. 1. The influence of the presence of pepsin on the 
precipitability of fibrinogen in solution by low concen- 
trations of salts. Curves 1~3 represent different ex- 
periments with three different preparations of horse 
plasma. 

The extension of the above work to other proteo- 
lytic enzymes is of interest in view of the discovery 
of Gorter, Maaskant & Campagne [1936] that 
trypsin has an explosive-like action on the spreading 
of fibrinogen in monomolecular films. Other authors 
have observed that trjTpsin and ‘chloroform serum’ 
can inhibit the coagulation of plasma, and the 
present work shows that trypsin and an enzyme 
present in ‘chloroform serum’ can protect fibrino- 
gen against precipitation by low concentrations of 
salts. This raises the question as to whether the 
reaction between these enzymes and fibrinogen is 
similar to that between pepsin and fibrinogen, and 
whether inactivation of these enzymes would restore 
the power of clotting to solutions of fibrinogen 
which had been rendered non-coagulable in the 
presence of the active enzyme. 


by the enzyme is 
a subsequent period of 30 min. 

the pepsin Lj 

the property of being precipitated by 20 % sat. 

(NHJ^SO,.* , 

The alteration in the fibrinogen may be rever- 
sible, since, after alkali destruction of the enzyme, 
clots have been obtained with fibrinogen solutions 
which, in the presence of the active enzyme, had 
given no precipitate with 20% sat. (NH4)2S04, or 
with 50% sat. NaCL No clot was obtained in 
pepsin-treated fibrinogen solutions unless the en- 
z;vmie was first inactivated by alkali. 

The conclusion drawn from these observations is 
that the enzyme combines with (or is adsorbed by) 
the fibrinogen, protecting it against precipitation at 
low salt concentrations, and against coagulation in 
plasma on the addition of Ca+ ‘^. 

Solutions of partially pmified fibrinogen require 
less pepsin per g. fibrinogen to produce this change 
than does plasma. Tagnon [1942] showed that more 
‘chloroform serum’ was necessary to prevent the 
‘ lysis ’ of fibrinogen in plasma than in purer fibrino- 
-gen solutions, and hence assumed some antilytic 
substance in plasma. It has been foimd in the 

present investigation that with many plasmas a SUMMARY 

certain amount of pepsin must be added before any 

fibrinogen is protected against precipitation, indi- 1. Pepsin reacts with fibrinogen at pH 5* 0-5* 6 
eating that more than one substance must be com- in such a way that the fibrinogen is rendered non- 
peting for the enzyme. A comparison of graphs precipitable with 20% sat. (NH4)2S04 and non- 
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coaguiable in the presence of plasma containing 
Ca++ ions. 

2. Alkali destruction of the enzyme restores to 
the fibrinogen the power of forming clots under 
suitable conditions, and of being precipitated by 
low concentrations of salts. 
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, 3. Certain . other proteolytic enzymes react simi- " 
lady under suitable conditions, 

I am indebted to the Medical Director of this Institute 
for providing facilities for carrying out these experiments, 
and to Mr L. N. Owen who has performed much of the 
experimental work. 
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Numerous methods for the purification of fibrinogen 
by precipitation with (NH4)2S04 or NaCl have been 
described [Fiorkin, 1930; Warner, Brinkhous & 
Smith, 1935—6; Ferguson, 1938-9; and Ferguson 
& Erickson, 1939]. Fiorkin [1930] used solubility 
in salt solutions as the criterion of purity of his 
preparations. 

In a previous paper [Hind, 1943] it was shown 
that pepsin, when present in sufficient amounts, 
would protect fibrinogen against precipitation at 
low salt concentrations, and that a solution of 
partially pmified fibrinogen required less enzyme 
per g. of fibrinogen to effect this protection than 
did fibrinogen present in plasma. In the present 
work we show that a substance (or substances) 
present in plasma competes with fibrinogen for the 
enzyme. The substance (or substances) having this 
inhibiting effect on pepsin is termed ‘pepsin in- 
hibitor ’ in the following accoimt. Some properties 
of the pepsin inhibitor and its separation from 
fibrinogen are described. 

METHODS 


precipitate was collected on the centrifuge and dis- 
solved in 1000 ml. of saline. The precipitation and 
solution were repeated 4 times. On redissolving for 
the last time, however, only 500 ml. of saline were 
used. 

Pepsin inhibitor and serum globulins. The residues 
obtained from the purified fibrinogen were precipi- 
tated with 50% sat. (NH4)2S04 and the globulin 
precipitate was filtered off with kieselguhr, and 
pressed.. The kieselguhr-protein mixture was then 
extracted 3 times with 200 mi. quantities of water 
and the solution dialysed overnight. The dialysed 
solution was made up to 1000 mi., i.e. the original 
volume of the plasma used. 

Serum. Serum was prepared from 400 ml. of 
plasma, by adding CaClg and pressing the blot. 
The serum gave no precipitate with 21*6% sat. 

Heated serum was prepared by heating 150 ml. of 
oxalated serum to 58'^ for 2 min. 

Defihrinated plasma. 400 mi. of ^ plasma were 
heated to 56° for 2 min. and centrifuged until clear. 




Horse plasma (centrifuged and oxalated) and 
serum were used. 

was a commercial (1/3000 it.s.p.) product. 

Estimcition of the salt-precipitable fibrinogen and 
the preliminary and semi-cjuantitative tests be- 
tween pepsin and fibrinogen were carried out as 
previously described [Hind, 1943]. 

Purified fibrinogen. 1000ml. of centrifuged plasma 
were precipitated with 21*6% sat. (NH4)2S04. The 
Biochem. 1943, 37 


RESULTS 

The effect of repeated precipitation of fibrmogen 
on its reaction with pepsin 


1000 ml. of plasma were clarified b^' centrifuging 
at 5000 r.p.m. for 5 min., and 200 ml. were removed 
for subsequent tests. Solid (NH4)2S04 to 21*6% 
saturation was dissolved in the remaining 800 ml. 
The fibrinogen precipitate was collected by centri- 
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faging and redissolved in normal saline. It was 
made up to 800 ml. and 200 ml. were removed. The 
precipitation and solution were repeated twice 
more. The volume was made up in each case to 
correspond to the volume which had been precipi- 
tated, and at each stage 200 ml. of solution were 
removed. 
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amount of 1 % pepsin for 10 min., the precipitable 
fibrinogen was estimated. The curves obtained from 
the results are given in Fig. 1. The weight of 
fibrinogen protected against precipitation represents 
the difference in weight between a control precipi- 
tate and the precipitate obtained from a pepsin- 
fibrinogen mixture. This difference in weight is 
plotted against the amount of pep- 
sin which produced this change. It 
will be seen that at each successive 
stage of purification less enzyme was 
required to protect the fibrinogen 
against salt precipitation, and that at 
least 4 or 5 precipitations wmuld be 
necessary to effect complete separation 
of the fibrinogen from the pepsin in- 
hibitor. 

Similar curves for fibrinogeh pre- 
parations from different plasmas are 
given in Fig. 2. 


Preliminary 'tests with the pepsin 
inhibitor 


Fig. 1. Pepsin titration curves of fibrinogen solutions after successive 
reprecipitations. Curves 1-4 were obtained with plasma, once pre- 
cipitated fibrinogen, twice precipitated fibrinogen and thrice precipi- 
tated fibrinogen respectively. The data plotted were obtained by 
subtracting the weight of fibrinogen precipitated in the presence of 
pepsin from that precipitated in its absence. This difference was plotted 
against the volume of 1 % pepsin which had been added. 



Fig. 2. Pepsin titration cxifves of fibrinogen solutions from 
different plasmas, v Fibrinogen reprecipitated 3 times; 
o fibrinogen reprecipitated 3 times ; a fibrinogen reprecipi- 
tated 3 times; y fibrinogen reprecipitated 4 times; a fibri- 
nogen reprecipitated 3 times; -f fibrinogen repreeipitated 
4 times; x fibrinogen reprecipitated twice; • plasma 
(typical curve). 

After the determination of the approximate 
values for the amount of pepsin required to prevent 
the salt precipitation of the fibrinogen in 2 rhl. of 
each fraction, quantitativ© determinations were 
carried out. 50 ml. of solution of each fraction were 
used, and after treating with the predetermined 


The effect of heat on the pepsin 
inhibitor in serum and in plasma was 
studied, and the pepsin inhibitor con- 
tent of plasma was compared with 
that of serum prepared from the 
plasma. 

Solutions used, (1) 200 ml. plasma + 
100 ml. saline. (2) 150 nil. of solution of pepsin 
inhibitor and serum globulins -f 75 ml. of fibrino- 
gen solution. (3) 150 ml. of oxalated serum -f 
75 ml. of fibrinogen solution. (4) 150 ml. of 
heated serimi+ 75 mi. of fibrinogen solution. 
(5) 150 ml. of heat-defibriiiated plasma + 75 ml. 
of fibrinogen solution. (6) Undiluted fibrinogen 
solution. 

These mixtures were all adjusted to pH 5*3. 
The fibrinogen content of the solutions was com- 
parable except that (6) contained 3 times as much 
fibrinogen as the other solutions. 

Preliminary tests with 2 ml. quantities of the 
solutions were carried out against 1*0 and 0*01 % 
pepsin. The lower strength was found necessary, 
as with some of the mixtures very little pepsin 
was required to render the fibrinogen non- 
precipitable. For quantitative determinations 
50 ml. of solution w^ere used and, after treatment 
with appropriate amoimts of pepsin for 10 min. 
at 18°, the precipitable fibrinogen was estimated. 
The amount of pepsin (g.) required to protect 1 g. of 
fibrinogen in each of the solutions was calculated 
and is gi\^en in Table 1 . 

Further tests have showm that serum heated to 
55° does not lose its ability to inhibit the action of 
pepsin in rendering fibrinogen non-precipitable. 
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Table 1. The reaction at pH 5'S between pepsin 
and different solutions containing fibrinogen 

Pepsin required to protect 
1 g. of fibrinogen against 
(NH4)2S04 precipitation 

Fibrinogen-containing at 21*6% saturation 

solution used g. 

Plasma 0*9 

Fibrinogen 0-02 

Solution of fibrinogen and 1*05 

pepsin inhibitor 

Fibrinogen and serum 1*8 

Fibrinogen and heated serum 0*06 

Fibrinogen and heated defi- 0*08 

brinated plasma 

DISCUSSION 

Because of the close association between the pepsin 
inhibitor and fibrinogen, and because fibrinogen 
solutions could be approximately titrated against 
pepsin, it was decided to use the pepsin -fibrinogen 
reaction as a measure of the purity of fibrinogen 
solutions. The results show that four or five repre- 
cipitations with 21*6 % sat. (NH4)2S04 are necessary 
to separate the pepsin -inhibitor from fibrinogen. 
The concentration of (NH4)2S04 (21-6% sat.) used 
in this work was determined by preliminary experi- 
ments to be a safe minimmn quantity for the pre- 
cipitation of the fibrinogen from the plasma used. 
Most other workers have used 25 % saturation. 
1 g. of pepsin (1/3000 xj.s.p.) will protect approxi- 
mately 50 g. of our purest preparations of fibrinogen 
against precipitation with (NH4)2S04. Similar 
values have been obtained by using fibrinogen solu- 
tions prepared from different plasmas. 


Little or no pepsin mhibitor could be demon- 
strated ill plasma defibrinated by heating,' or in 
■ serum wliicli had been heated to 58°. However, 
the pepsin inhibitor is apparently stable at ^.55% 
since serum heated to this temperatui*e showed no 
loss of potency. It was present, together with the 
serum globulins, in the filtrates obtained during 
the preparation of fibrinogen, and was precipi- 
tated therefrom by precipitating with 50 % sat. 
(NIl4)2S04 . On adding this precipitate to a purified 
fibrinogen solution, the reaction between the mix- 
ture and pepsin was similar to that between plasma 
and pepsin. This pepsin-inhibitory action of serum 
appeared to be greater than that in the plasma 
from which the serum Had been prepared. 

SUmiAEY 

1. A substance ('pepsin-inhibitor’) is present in 
fresh serum and plasma, which inhibits the ability 
of pepsin to protect fibruiogen against precipitation 
at pH 5*0-5*6 by low concentrations of salt. 

2. This pepsin inhibitor is present in prepara- 
tions of fibrinogen precipitated with 20-25 % sat. 
(NH4)2S04, hut separation of it from, fibruiogen can 
be effected by repeated precipitation of the latter 
with 21*6% sat. (NH4)2S04. 

3. Heating at 58° for 2 min. destroys almost all 
the . activity of preparations of this ‘pepsin -inhi- 
bitor’. 

I am indebted to the Medical Director of this Institute 
for providing facilities for carrying out these experiments 
and to Mr L. N. Owen who has performed much of the 
experimental work. 
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Microdetermination of Vitamin A and Carotenes 
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(Received 26 January 19iS) 


The Carr-Price reaction has been widely used for May, Blaekfan, McCreary & Allen [1940] and by 
the estimation of vitamin A and. carotenes. The Dann & Evelyn [1938] for the determination of 
limitations and difficulties of the method have been j8-carotene by measuring the light absorption with 
described by so many that no attempt will be made a 440 m^u. filter, is not specific. F^or example, in 
to review the extensive literature [see Brode & blood serum both bilirubin and jS-carotene absorb 
Magill, 1931]. The conventional method, as used by light of wave-length 440 m/x. 



The optical method described here was developed 
to overcome the difficulties in the quantitative esti- 
mation of the free’*' vitamin A. The application of 
the same method for the accurate determination of 
/^-carotene has been studied. The instrument is an 
adaptation of a photoelectric colorimeter developed 
by Yiitema & Fleetwood [1937]. It differs from it 
in one fmidamental respect. A beam of light after 
having traversed the sample (Carr-Price reaction) is 
split into two beams which pass through 620 and 
589 my filters, resjDectively, before reaching two 
recording photocells. Thus a direct simultaneous 
and mutually independent determination of vita- 
min A and carotene in one and the same sample can 
be achieved, providing that (1) the beams are mono- 
chromatic, or nearly monochromatic; (2) the tem- 
perature is close to 0° (cold room). On the other 
hand, only vitamin A can be determined with this 
apparatus at room temperature, because the 589 my 
band of ^S-carotene fades within a few seconds. 

EXPERIMENTAL 

The apparatus used for measuring the intensity of 
the blue colour produced by the reaction of vita- 
min A with SbCig is shown diagrammatieally in 
Fig. 1. The accessories are described in the diagram. 


Switch Filter Filter Switch 

m m PC' t\r 

•/Kq I ES I p>J\ 

-J| I Prism L 


the other photocell which measures ^-carotene. The 
current generated by the influence of light upon the 
photoelectric ceils is stored in the condensers and 
is measured by determining the sudden deflexion 
induced by discharging these through a ballistic 
galvanometer. 


The procedure for the determination of vitamin A 
at room temperature was standardized as follows. 
A vitamin A concentrate containing 200,000 ij.s.p. 
miits/g. was dissolved in chloroform (reagent 
quality) so that 0*5 ml. contained from 10 to 
100 IJ.S.P. miits. To the cell (Fig. 2), 0*5 ml. of the 
standard containing a known amount of vitamin A 
was added. To this was added 0*5 ml. of a saturated 
solution of SbClg in CHCig to develop the colour. 
Just as the solution of the latter was released from 
the pipette, a stop-watch was started. The conteilts 
of the cell were thoroughly mixed and the cell was 
placed in the receiver. After exactly I* min. the 
light was turned on at a potential of 5 V. and 
allowed to pass through the solution in the cell for 
precisely min.; then the cmTent stored in the 


Fig. 1. Circuit for vitamin A: batteries, 6 V.; lamp, 100 c.p. 
6-8 V.; rheostat, 0*5 ohm.; voltmeter, 0-8; photocells, 
EGA 922. Circuit for ^ carotene: galvanometers, L-N 
R 2500/; condensers, L-N 1 P-P*; switches, spot; filter, 
Pyrex 625 niy no. 245; filter, 589 mm. ^ 

The light source was a Mazda lamp, 100 c.p., 6-8 V., 
supplied by batteries, constant voltage being main- 
tained by means of a rheostat and voltmeter. A 
glass -stoppered cell, 1 ml. in capacity and 5 cm. 
long, as shown in Fig. 2, contained the solutions for 
tlie Garr-Price reaction. This cell was in position 
between the light source and a set of two prisms 
which served to divide the light which had traversed 
the solution into two beams, one beam passing 
through the 620 my filter to one recording photocell 
for \'itamin A, and the other beam (not used in this 
investigation) passing through the 589 my filter to 

The term ''fiee vitamin A’ as here used refers to 
vitaiuin A alcohol, or vitamin A ester. We have some 
evidence that vitamin A may be found in a compound 


Vitamin A units/0-5 ml. of solution 


condenser Was determined by measuring the extent 
of the galvanometer deflexion. Repetition with 
varying amoimts of vitamin A, from 0 to 100 ij.s.p. 
units, and the plotting of the logarithms of the 
galvanometer deflexions against the ij.s.p. units of 
vitamin A, resulted in a straight line (Fig. 3). To 
determine the vitamin A content of an unknovii 
material dissolved in CHCI3, the above procedure 
was followed. From the logarithm of the galvano- 
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meter' deflexion, the amoniit of vitamin A was 
easily read off the chart. 

Since the absoriDtion band at 589 m/x for ^-caro- 
tene persists for only 5-10 sec. at room temperature, 
it is impossible to estimate this substance by mea- 
suring the density of the 589 m/x band at 20-25°. 
However, we foimd that if the Carr-Price reaction 
is carried out in a cold room at 0°, the 589 m/x band 
could be observed for a period of more than 2 min. 
when 2-4 vol. SbClg (sat. at 0°) were added to 
1 vol. ^-carotene. The period during which the 
620 m/x band for vitamin A is observable can also 
be prolonged at the same temperature. Ender 
[1932] has shomi that the substance responsible 
for the blue colour produced by the reaction of 
SbClg with cai’otenoids is more stable at lower 
temperatures. 

The advantages and accuracy of this method over 
the visual and photoelectric colorimetric methods 
are obvious. The difficulty of measuring precisely 
the maximum of the absorption point for blue 
colour produced by vitamin A or ^-carotene with 
SbClg is obviated, and the interference by other 
carotenoids is eliminated by using appropriate 
filters. The method would serve admirably for the 
estimation of small amoimts of vitamin A and 
^-carotene in blood, subject to the temperature 
limitations discussed above ; it is about 50 times as 
sensitive as the one of Dann & Evelyn [1938]; at 
0° it is perhaps over 100 times as sensitive. 

Since the cells used for the Carr-Price reaction 
have a tendency to develop, with use, a thin light- 
absorbing film of the hydrolysis products of SbClg , 
it is imperative that the cells be rigorously cleaned 
after every determination as follows : the cells* and 
stoppers were immersed in strong HCl for several 
minutes. After removing excess HCl with tap 
water, the cells were allowed to stand in cliromic 
acid cleaning solution for 10 min. This was followed 
by thorough rinsing with tap water followed by 
distilled water, after which the cells were dried at 
100-105° for i hr. ^ 

The method has been used for the estimation of 
vitamin A in mouse and rat livers. The livers were 
saponified and extracted with peroxide -free ether 
according to the procedure of Davies [1933]. 
Spectroscopically the Carr-Price reaction with the 
imsaponifiable fraction of mouse livers gave onl^" 
one visible absorption band, that at 620-625mg. 

The CHClg solution of the misaponifiable fraction 
of rat livers show'-ed two absorption bands when 
treated with SbClg, one at 620 mg and the other at 
570 mg. However, after 30 sec., at which time the 
determinations were made, no interference with the 

* The cells were made by the American Instrument' Co., 
Silver Spring, IMaryiand. The end-plates of each ceil were 
fused to the body of the cell so that cleaning could be 
carried out in chromic acid cleaning solution. 


measurement of the density of the 620 rng band 
was observed spectroscopically. For the determina- 
tion of vitamin A in the unsaponifiable fraction, or 
in the fat-soluble fraction of tissues or other sub- 
stances, it was first necessary to make a spectro- 
scopic examination of the Carr-Price reaction so as 
to determine whether there was any interference with 
the measurement of the density of the 620 mg band 
by other carotenoids. In our experiments this pre- 
caution was necessary because a glass filter (Corning 
246 E.M. 3-5 mm.) transmitting a band in the red 
region of the spectrum, rather than a source of 
monochromatic light, was used. 

To follow changes in the hepatic vitamin A con- 
tent of rats, two groups of animals received intra- 
peritoneal injections at regular intervals of methyl - 
cholanthrene and 3: 4-benzpyrene dissolved in lard. 
(Goerner & Goerner [1939] and Baumann, Foster & 
Lavik [1941] have shown that carcinogens cause a 
lowering of the hepatic vitamin A content of rats.) 

During the treatment some of the rats were killed 
and the vitamin A content was determined with 
0-5 ml., or with a l/50th part, of the CHClg solution 
of the unsaponifiable fraction. The marked deple- 
tion of the liver stores of the vitamin are shown in 
Table 1. 

Table 1. Effect of carcinogens on hepatic vitamin A 


Animal 

Total dose 
of hydro- 
carbon 

Vitamin A/ 
0-5 ml. 
aliquot 

Vitamin A/g. 
liver 

no. 

mg. 

u.s.p. units 

u.s.p. units 

N1 

0 

32 

106 

M2 

0 

56 

249 

N3 

0 

40 

160 

M4 

0 

' 48 

247 

MCI 

16 

13 

73 ■ 

MC2 

16 

2 

16 

MO 3 

16 

0 

0 

BPl 

16 

3 

13 

BP 2 

16 

5 

24 

BP 3 

16 

12 

68 


Animals marked N represent tbe normal untreated 
animals; MC, methylcholanthrene treated; BP, benzpyrene 
treated. 

The determination of 2-15 u.s.f. miits in 0*5 ml. 
of solution demonstrates the micro nature of the 
method. The maximum error in the determinations 
of 10-100 u.s.p. units was 3 % . It should not be 
difficult to develop procedures for the use of this 
method , to determine vitamin A at room tem- 
perature for other tissues, or for both vitamin A 
and jS-carotene at 0°. 

' summary: 

A micro -method for the estimation of vitamin A is 
described. Under proper conditions it can be used 
for the simultaneous and mutually independent 

■ 19-3 
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determination of vitamin A and ^-carotene in the, 
same sample. The application of the method for 
the determination of vitamin A in mouse axid rat 
livers is briefly discussed. 
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The Microbiological Assay of Riboflavin. The Influence of 
Inorganic Constituents and Unknown Growth Factors 

By P. W. CHATTAWAY, FRANK C. HAPPOLD and MARY SANDFORD, 

Fmm the Biochemical Laboratories ^ School of Medicine, University of Leeds 

{Received 12 December 1942) 

We are here concerned with the assay of riboflavin solution in 2'5N HCl; 0-1 g. l-trjjptophan; 10*0 g. 
which has developed from the investigations of glucose; 0*5 g. KH2PO4; 100 /xg. nicotinic acid; 
Snell & Strong [1939] and which showed the linear 50 /xg. pantothenic acid; 50ftg. p -amino -benzoic 
relationship between the acid production from acid; 2*5 ml. liver eluate; 0*4 mg. FeS04.7H20; 
glucose by Lactobacillus casei € (Helveticus) and 2*0 ml. mineral solution. 

the concentration of riboflavin present in the This was adjusted to pH 6*8 and the volume 
medium; In this paper the effect of the addition of made up to 11.; the medium was sterilized for 
various inorganic constituents on the microbio- 10 min. at 10 Ib./sq. in. ' . 

logical assay of riboflavin will be discussed, and The mineral solution contained : 22*5 g. MgS04 . 
suggestions made for the improvement of the THgO; 5*0 ml. CUSO4.5H2O (1% w/v); 4*0 nil. 
method. ZnS04. THgO (1 % w/v); 1*5 ml. •MnCl2.4H20 (1 % 

EXPERIMENTAL w/v); 3*0 ml. cone. HCi; HgO to 100 ml. 

After sterilization in 20 ml. amoimts in 125 ml. 
The basal medium of Snell & Strong [1939] has Pyrex flasks, riboflavin, or extracts of the food to 
been modified a number of times, notably by Snell be tested, w'ere added in variable amounts and also 
& Wright [1941], Hutchings, Peterson & Shull 0*2 ml. of 0*5 % (w/v) CaCla . 

[1942], and Lindner & Pollack [1942], mainly, by The CaCl^ was added since it was soon observed 
the addition of substances which might function as that in the absence of such addition, growth and 
growth factors or accessories. In our view the only acid production were negligible, 
real source of variation in the preparation of this It will be noticed that the medium contains 
medium is in the composition of the acid hydro- jp-amino-benzoic acid. In the examination of the 
lysate of casein. We have invariably prepared our partially purified liver fraction it became apparent 
hydrolysate according to the method used in J. H. that this compound was present in the active 
Mueller’s laboratory and described as Method 1 material. Tests revealed the fact that the com- 
[Johnson & Mueller, 1941]. This hydrolj^^sate- is . poxmd was a growth stimulant for the Lactobacillus 
practically free from Fe and P and there is little, and it was consequently included in the basal 
if any, Ca present. medium. 

The results which follow were obtained with a 
20 % acid digest of casein, whose free HCl, when Preparation of active, liver extracts 

neutralized, gives 3*44 g. NaCl/IOO ml. (1*72 g. In early assay methods [Snell & Strong, 1939] 
NaCl/L of medium). It contains 19*46 g. Ng/L, photolysed peptone and yeast extract were added 
no P, and the Fe content is very small. to the food medium; subsequently it was suggested 

The basal medium first used was as follow's: that nicotinic acid and pantothenic acid could re- 
50 ml, casein hydrolysate (20 %) ; 2 ml. 20 % cystine place the yeast extract. In our experience this was 
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unsatisfactory; growth and acid production some- 
times occurred, but the latter was so far short of 
an optimum that it was clear that additions made 
to a medium, when extracts of food or tissue fluids 
were added, modified the results. Because of de- 
ficiencies in source of supply, irregifiarity of result, 
etc., we began to use liver fractions which we were 
using in our studies on the nutrition of G, diphtheriae 
types. The properties of these active fractions have 
been described by Chattaway, Happold, Lythgoe, 
Sandford & Todd [1942]. Residues from the pre- 
paration of the liver anti-anaemic principle were 
adsorbed on Fuller’s earth at pH 3, the bulk of the 
activity being in the filtrate. This was next ad- 
sorbed on norite. Activity was mainly found on 
the charcoal which was eluted with dilute ISTaOH 
until the eiuate was slightly alkaline (pH 7-2) when 
elution was continued with water. After further 
acidification to pH '3, the eiuate was extracted 
5~8 times with amyl alcohol (in which the active 
component was insoluble). The aqueous phase was 
then concentrated and used instead of the yeast 
extract. It was free from riboflavin, and from all 
but traces of pantothenic and nicotinic acids. It 
should be noted that activity decreases on standing 
in weak solutions and this accounts for differences 
in total acidity in the series presented. The opti- 
mum activity of such a concentrate having been 
determined, it was added to the basal medium in 
the appropriate amounts. 

RESULTS 

Effect of Fe concentration on acid production 

Twenty -four flasks each containing 20 ml. of 
medium were prepared in four series of 6. Series 1 
contained no added FeS04. THgO, series 2 had 4/^g., 
series 3, 8ftg. and series 4, 16 /Ig. FeSO^ . YHgO added 
to each 20 ml. medium. 

The six flasks in each series had 0, 0*2, 0*4, 0*6, 0*8 
and 1 • 0 ^g. riboflavin added respectively ; 0* 2 ml. 0* 5 % 
solution CaClg was added to each flask. On incuba- 
tion for 72 hr. the results in Table 1 were obtained. 

Table L Influence of addition to the medium of F& 
and riboflavin on acid production 


Acid production (ml. Y/10) 


Riboflavin 

— _ 

^ Aw 



added 

rFeS0^.7H,0 added 



fig. 

\ None 

4: fig. 

Sfig. 

10 fig. 

m 

Nil 

Nil 

Nil 

Nil 

0-2 

6-0 

6*4 

8*1 

3*5 

0*4 

8*8 

10*1 

10*1 

4*1 

0*6 

11*5 

11*6 

11*7 

6*4 

0-8 

11*0 

11*9 

12*3 

9*6 

1-0 

3*5 

9.4 

9*8 

7*5 


It will be observed that the greatest acid pro- 
duction was with 8/ig. FeSO^. 7H2O/2O ml. but that 


the straight-line relationship which existed up to 
O' Q fig. riboflavin at this level was extended up to 
the O'S fig. level with the higher concentration of 
the ferrous salt. It is not suggested that these levels 
will be the same for each batch of medium and they 
are almost certainly affected by the concentration 
of iron added in the liver eiuate, but it is clear that 
the amount of Fe added with any food or tissue 
extract which is being assayed for riboflavin content 
should be known and suitable addition of Fe salt 
made to the control riboflavin series. Fortunately, 
tables of the mineral contents of foods and tissues 
are available and suitable additions can be made. 
That this is important will be realized by com- 
parison of the above figures where 0*2 /^g. in series 
1 or 2 is approximately equal to 0*6 ^g. riboflavin 
in series 4. Examination of the actual curves makes 
other differences apparent. 

A further series of four flasks containing 0*8 gg. 
riboflavin and 5, 10, 15, SO^tg. FeS04.7H2G was 
tested (Table 2). 


Table 2. Influence of addition of Fe 
on acid production 

Acid produced (ml. iV'/lO) in 


FeS04.7H20 

^ 



^ 

A^g* 

72 hr. 

96 hr. 

120 hr. 

5 

3*30 

12*70 

22*80 

10 

3*30 

12*40 

22*50 

15 

" 2*80 * 

11*50 

20*70 

30 

2-50 

11*10 

16*60 


The Ca concentration in this experiment was double 
that used in the first, and, as will be seen later, was 
nearer to the optimum. These results agree well 
with those of the first series in showing a decrease 
in acid production with increasing iconcentration 
ofFeS04.7H20. 

In a further series in which FeS04 . 7H26 was 
added to the optimum of 400ftg./l., in 250 jug., 
500 fig., 1 mg., 2 mg., 3 mg., 4 mg., and 5 mg. 
amounts, there was a decrease in acid formation 
down to the 3 mg. level, after which stabilization 
occurred. Thus the higher level of Fe in the Snell- 
Strong medium is sound for assay work, provided 
that it be realized that this medium does not give 
optimum acid production. 

The effect of variations in FO^ and 
content of the medium 

In the Snell-Strong medium POj is added as 
KH2PO4 (0*5 g./L). This is the only source of K+ 
and of phosphate in the medium. Since the im- 
portance of ROJ and of K+ in carbohydrate meta- 
bolism is obvious, variations in their concentration 
have been tested. The fii*st series of results pre- 
sented below is with two separate fractions of 
liver extract; those appearing beneath the hori- 
zontal dividing line represent tests carried out some 
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weeks later tlian those above. The later tests con- 
tain 0*02 g. KH2PO4/2O ml. medium; 0-25 ml, 0*5 % 
(w/v) CaGi2 solution was added to each 20 ml. 
medium after sterilization. This concentration of 
CaClg does not represent an optimum. In the first 
series of results the optimum was obtained with a 
0*1 % (w/v) KH2PO4 concentx'ation. Addition of 
further phosphate as the Na salt was vdthout effect 
with fraction ‘ H but with fraction ‘ S ’ there was a 
rise over a range of addition from 0*13 to 0*016 g. % . 
Fraction ‘S’ was obviously more active than frac- 
tion ‘H’ ill encouraging growth, so that the phos- 
phate present as the K salt was adequate with ‘H’, 
whereas with ‘ S ’ the further addition of Na phos- 
phate to il//800 was necessary to give optimal 
results. It is encouraging that 8 times this con- 
centration did not affect the result at 5 days, since 
this suggested that in assay work increased concen- 
tration of PO4 due to that added with the material 
to be assayed, would not affect the result to an 
important degree (Table 3). 

Table 3. Influence of addition of phosphate on acid 
production from 20ml, medium containing 0-8 fig. 


riboflavin 

KH2PO4 

added 

g* 

None 

-fO'02 

0*01 

0*005 

Medium -f- liver 

Medium -f liver frac - fraction ‘ H ’ . 

tion ‘ S ’. Acid produced Acid produced > 
(ml. A7IO) in (ml. iV/lO) in 

L- —A 

'72 hr. 

7*30 

7-20 

5-60 

96 hr. 

15*30 

11*55 

7*60 

120 hr.' 

' 72 hr. 

3*70 

3*00 

2*90 

96 hr. 

6*10 

5*90 

5*30 

0*02 

4*00 

5*80 

16*80 

3*10 

6*20 

•02 + Na phosphate 





buffer 7*2 to 





Jf/lOO 

3-70 

7*40 

22*80 

— 

— . 

3//200 

5-80 

10-00 

23.00 

3*60 

6*30 

3i/400 

6-20 

10*20 

23*20 

3*20 

6*20 

3//800 

8*00 

12*00 

22*30 

2*90 

6*20 


At this stage the concentration of KH2PO4 in the 
basal medium was doubled (0*04 g./20 ml. or 0*2 %) ; 
this should give a safe optimum for phosphate. 
There was a pronounced rise in acid production 
which was attributed to the increased concen- 
tration; actually this latter was not yet at its 
optimum (Table 4). 


Table 4. Influence of Uddition of KCl 
on acid productioyi 



ml. A/10 acid 

Added 

produced in 

KCl 

r 

-—A , , , ,, , 

mg. 

48 hr. 

66 hr. 

Medium (20 ml.) 

' 2*5 

4*85 

; . 17*0 ■ ■ .... 

3*0 

5*30 

„ 13*6 

■ 3*2 

5*60 

„ , •■■■ 10*2: 

2*9 

5*30 

■ ■ 6*8, ^ 

3*0 

5*60 

•3*4., 

■ 3*2 

5*50 
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This ' represented an additional optimum of 
1*8 mg./20 ml. or 9 mg. %, though it is possible 
that for this medium it was less than this figure. 

• The general stability of result with further increase 
in is' again encouraging. Additions as K'H2P04 
were also made and the results of a specimen ex- 
periment are given in Table 5. The optimum value 
was reached when the KH2PO4 was increased by 
5 mg. KH2PO4/2O mi. or 25 mg./lOO mi. 

Table 5. Influence of addition of KH^PO'^ 
on acid production 

(Reaction adjusted with iV/10 hTaOH after addition of 
farther phosphate. Medium tested in 20 ml. lots.) 




Acid produced 


Added 

(mi. A/10) 

ill 


KH2PO4 

A 



nig. 

GO 

W 

96 hr. 

Basal medium 


1*90 4*0 

8*5^ 

(0*2% KH,P04) 





5 

2*30 5*10 

10*10 


11 

2*25 4*90 

9*90 


30 

2*15 4*75 

9*45 


50 

2*20' 4*85 

9*65 


The incx’ease was thus 7*2 mg./lOO ml. (9 mg. 
with KCl) and the total K’ concentration added as 
KH2FG4 wms 0*065 g./lOO ml. Since the Ya value 
(by neutralization of free HCl) was 0*079 g./lOO ml., 
the K/Na ratio for additions was at least 0*82, a 
value which approximated to that obtained for 
optimal metabolism of stored carbohydrate in cells 
of Escherichia coli as shown by Evans, Handley & 
Happold [1942]. 

The effect of variation in the Ga'^'^ concentration 

The importance of this effect is easily observed 
in Table 6. 

Table 6. Influence of addition of GaGl^ 
on acid production 




Acid, (ml. xV/10) 


Added 

produced /20 ml. 


0*5%, 

medium in 


CaCL> 

r 

A 


mL“ 

72 hr. 

96 hr. 

Basal medium 


Nil 

■.Nil . ' 

( 0 * 2 % KH 2 PO 4 ) 





0*1 

6*35 

. ■ 16*10 : 


■ 0*2 

4*85' , 

^ 16*85' 

97 

0*3 

12*05' 

'■ 23*45, 


0*4 

6*75 

18*55. 


0*6 

4*00 

■ 15*40"' 

99 

0*8 

4*10 

.11*60 


A further series with a different liver fraction 
gave a GaCl2 optimum of 0*35 mi. of 0*5% GaGlg 
solution. It will be noticed that there was a steep 
drop with excess of Ga. In view of the high con- 
centration of Ca in milk it is important that the Ga 
curve for any medium which is being used to assay 
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milk products should foe made and that the Ca 
equivalent of the milk should foe added to the 
control riboflavin series in each assay. It will be 
noticed that each 0*1 ml. was equivalent to 0*18 mg. 
Ca'*"^. The Ca concentration of the medium before 
the addition of the CaClg was 0-41 mg. Ca/100 ml., 
or 0*082 mg. Ca in each flask of test mediiun. 

The effect of variation in the NaCl concentration 

It was found that the basal medium prepared as 
described above did not contain an optimum con- 
centration of NaCl. Preliminary experiments 
showed that the optimum lay between* 90 and 
100 mg. NaCi/20ml. medium. The results (Table 7) 
show more exactly the value of this optimum con- 
centration and also that addition of NaCl above 
this level does not cause a serious drop in acid 
production. Thus its addition in food or tissue 
extracts will not greatly affect riboflavin assay. 
All other mineral constituents and riboflavin itself 
(0’8/zg./20 ml.) were at an optimum for this ex- 
periment. 

Table 7. Influence of addition of NaCl 
on acid production 


NaOl/20 ml. medium 
mg. 

54 (basal medium) 

89 

91 

93 

94 

95 
97 
99 

134 


ml. NjlO acid 
produced in 72 hr. 

1- 9 

2- 25 ■ 

2- 65 

3- 6 
3-2 
2-9 
2-7 
2-7 
2-7 


Ap 2 Mcation of assay method 

Assays were carried out on cabbage, new pota- 
toes, meat and garden peas (served in British 
Restaurants), and though the Ca and K concentra- 
tion of the media used was not at the optimum the 
results obtained with the first two foodstuffs illus- 
trate the type of difficulty which may arise from 
tlie addition of unknown growth factors contained 
in a food extract to the basal medium. The extracts 


were prepared by refluxing the foodstuff for 2 hr, 
with an excess of iV’/2 HCl and then adjusting the 
reaction of the extract to pH 6*8. The extracts 
were added to two series of media which contained 
liver extract equivalent either to 12 g. or to 6 g. of 
raw liver. The results with the meat and the garden ' 
peas were useless because these contained either 
further growth factors, or more probably additional 
mineral constituents such as K, in significant 
amounts. The results with cabbage and new potato 
(Table 8), wdiioh do not add significant amounts of 
the important mineral constituents, are of interest 
in that they fit the curve of riboflavin variation at 
the higher concentration of liver extract but not 
at the lower one (Table 8 and Fig. 1). 

It will be seen that the data of Table 8 fall on 
cmwe A (Fig. 1) rather than on curve B. The data 
derived from the addition of 0*5 ml. extract are 
probably less reliable than the other results in 



0 0*1 0*2 0*3 0*4 0*5 0*6 0*7 0*8 0*9 1*0 

/ig. riboflavin per 10 c.c. medium 

Vig* 1- Relationsbip between concentration of riboflavin 
present in the medium, and titratable acidity produced by 
growth oi Esch. coU. (fi) basal medium -f liver extmct 
eqixi valent to 12 g. liver. (B) basal medium + liver extract 
equivalent to 6 g. liver. 

Table 8, because this dose of extract contained too 
little added riboflavin. We may therefore assume 
that cabbage contains about 41*5g./100g. and 
potato between 160 and 195 g. riboflavin/ 100 g., 
the latter figure probably being closer to the real 
value. 


Table 8. Influence of addition of cabbage and potato extract on acid production 

Riboflavin content (by ref. to 



Material 




curve A, Fig. 1) of 



equiv, to 

Extract 


f 

- — ^ — . — . 

... ,, „ , 


100 ml. 

added to 

Acid 

Extract added to medium 

100 g. of 

Material 

extract 

medium 

produced 

r 

A , 

material 

extracted 

■■ ■ 

ml. 

ml. iY/10 

/Xg. 

fig. calc.* 

' T^g- 

Cabbage 

42*2 

2-0 

3*2 

0*35 

' " ■ — ■■ 

41-5 , 



1*5 

2*5 

0*26 

0-26 

41-7 . 



1-0 

1*6 

0*15 

■ ' 0-17 

35-5,,, 

Potato 

18-5 

1*0 

3*3 

0*36 

— 

195-0 



0-5 

1*6 

0-15 


163-0 


* Calculated on the assumption that the value for 2-0 ml. is correct. 
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The riboflavin content of the cabbage is probably 
41*5-“41*7jCAg./100g. raw cabbage, the potato is 
. probably nearer the higher value of the two^ pre- 
sented. 

DISCUSSION 

It is of interest that Gillespie & Rnbbo [1940] re- 
ported that biotin was not essential for 01. aceto- 
whereas the reverse was claimed by Park 
& Wood [1942]. There are marked differences in 
the mineral constituents in the media used by these 
two sets of investigators ; in general the mineral 
content of the laiter workers was 1/10 that of 
Gillespie & Riibbo. Park & Wood’s concentrations 
would certainly be suboptimal for the Lactobacillus 
and it is again interesting to note that they report 
an enhancement of growth with ammonium phos- 
phate instead of with asparagine. Assuming that 
both sets of results are correct it would appear that 
a change in the mineral balance of a medium has 
enabled the organism to dispense with biotin. 
Though this may seem unlikely, it does suggest 
that the amount of a growth factor necessary for 
optimum action is profoundly affected by the 
mineral balance. This lends additional emphasis 
to the main theme of this paper. 

It should be added that a series of additions have 
been made to the basal medium by a variety of 
workers. We have tested many of these compounds 
and found them inactive. Tlixis, adenine, guanine, 


' uracil, thymine and adenylic acid were all tried 
separately and together, and found to be inactive. 
Since these components may be of natural origin 
it seems likely to us that their reported activity 
has been due to the adsorption on to the compound 
tested of small but adequate amounts of a growth 
factor or growth factors. 

SUMMARY 

Earlier work had revealed a number of irregu- 
larities in the application of the microbiological 
method of assay for riboflavin, using Lactobacillus 
casei e. Evidence is presented to show that acid 
production can be altered by a variation in the 
concentrations of Fe'^'^, K"^, PO^ and NaCi 

in the basal medium. Optimum concentrations for 
these constituents have been demonstrated and in 
addition it was shown that further increases in 
K“, PO 4 and NaCl concentrations do not result 
in a great decrease in acid production. Further 
addition of however, results in a serious 

decrease. The necessity for, and the effect of, the 
addition of a liver eluate to the basal medium was 
shown. The bearing of these results on the assay 
of foodstuffs for riboflavin has been discussed. 

We wish to acknowledge the generous gift of liver extract 
from Messrs Boots, Ltd., a grant from the Medical Research 
Council and a Research Scholarship in Biochemistry, held 
by one of us (M. S.), kindly provided by Messrs Rowntree, 
York. 
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The State of Tyrosine in Egg Albumin and in Insulin 
as Determined by Spectrophotometric Titration 

By j. L. crammer and A. NEUBERGER, From Biochemical Laboratory, Cambridge 

(Eeceived IS January 194S) 


Numerous studies on the reactions between protein 
and hydrogen and hydroxyl ions have yielded im- 
portant information as to the number and character 
of ionizable groups m the protein molecule. The 
detailed interpretation of the titration curves is, 
however, in many cases ambiguous. The assumption 
is often implicitly made tliat the dissociation con- 
stants of the various polar groups in proteins are 
not very different from those found in aanino -acids 


or peptides. In this general form, such an assump- 
tion cannot be correct. Above and below the iso- 
electric point (i.E.P.) the protein carries a net 
positive or negative^ charge and the number and 
distribution of these charges will greatly influence 
the ionization of different groups. A considerable 
displacement of dissociation constants can therefore 
be expected as the net valency of the protein 
increases. Near the i.e.p. the electrostatic effect 
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will be small, if the charge distribution is sym- 
metrical. Investigations of the effect of changes of 
temperature [Wyman, 1939], of addition of form- 
aldehyde [Kekwick & Cannan, 1936] or of iodina- 
tion [Neuberger, 1934] have in some cases been of 
assistance in apportioning parts of titration curves 
to certain groups. But the overlapping of the titra- 
tion ranges of different ionizable groups renders a 
quantitative evaluation of dissociation constants 
difficult, and sometimes impossible. It occurred to 
us that the ionization of the phenolic group of 
tyrosine in the protein might be investigated by a 
spectroscopic method, without interference from 
other groups ionizing in the same region. This would 
indicate how far charge effects in general can in- 
fluence the intrinsic dissociation constants of the 
relevant amino -acids. 

Most organic acids and bases which absorb light 
in the visible or ultra-violet region have absorption 
spectra which differ considerably from those shown 
by their respective anions or cations. pH measure- 
ments by indicators are based on such shifts in 
absorption in the visible spectrum. Similar changes 
in absorption spectra in the ultra-violet have been 
noted with phenol, and with phenol derivatives 
such as tyrosine [Stenstrom & Goldsmith, 1926], 
and the dissociation constants thus obtained agree 
well with the values established by other means 
[Flexsner, Hammett & Dingwall, 1935]. Proteins 
absorb ultra-violet light, the maximum absorption 
occurring with light of wave-length between 2750 
and 2850 A., and it has been assumed that the 
absorption above 2750 A. is due to tyrosine and 
tryptophan [Holiday, 1936]. The spectrum of the 
latter amino -acid changes very little with pH, while, 
the ionization of the phenolic group of t57rosine is 
accompanied by an increase of the molecular ex- 
tinction coefficient, and a shift in the long wave 
maximum of about 200 A. It was thought there- 
fore that the change of the absorption spectrum of 


a protein with change of pH could be used to 
determine the pi? of the phenolic group in the 
native protein molecule. 

EXPERIMENTAL , ■ 

The tyrosine and tryptophan samples used had been re- 
crystallized several times; 3:5-diiodotyrosine was kindly 
supplied by Dr C. R,, Harington. Insulin was a- recrystallized 
sample obtained from Messrs Boots; we used two prepara- 
tions of thrice recrystailized egg albumm which were kindly 
put at our disposal by Prof. A. C. ChibnaH, and by Br 
K. Bailey, respectively. 

The water content of insulin was assumed to be 10% 
(personal communication from Prof. Chibnall); the con- 
centrations of the egg albumm solutions were estimated 
by the Kjeldahl method, assuming a N content of 15*7%. 
All measurements, including the pH estimations (hydrogen 
electrode), were made at 20 ±2°. 

The optical measurements were made with a Hilger 
medium spectrograph and Spekker photometer, using a 
tungsten-steel spark as light source. The wave-length scale 
was checked against the iron spectrum, and the maximum 
error in the relevant region was found to be 5 A. 

RESULTS 

The dissociatiofl constant of the phenolic groups 
of tyrosine and 3:5-diiodotyrosme 

The absorption curves for tyi’osine and tryptophan 
obtained by us (Table 1) differ slightly from those 
reported by Holiday [1936] and Holiday & Ogston 
[1938]. The maximum absorption of 3:5-diiodo- 
tyrosine was (Table 1) at 2910 A. in acid solution, 
with a molecular extinction coefficient of 2-31 x 10®; 
thus substitution of the two ortho positions by 
iodine produces an increase in the extinction of the 
phenolic group, and. also a shift in the maximum of 
about 160 A. In alkaline solution the increase in 
absorption, as compared with that of phenol, is even 
more marked ; two maxima were observed, one at 
3160 A. (€ = 5*26x10®) and the other at 3060 
(e=: 5*17 X 10®). The values reported here for diiodo- 


Table 1. Molecular extinction coefficients of tyrosine, tryptophan and 3:5-diiodotyrosine {^x 10 ®) 

X(A.) 


Substance 

Tyrosine at pH 13 
Tyrosine at pH 1 
3:5-Diiodotyi’osine at pH 13 
3:5- Diiodotyrosine at pH 1 
Tryptophan at pH 13 
TryjDtophan at pH 1 


Substance 

Tyrosine at pH 13 
Tyrosine at pH 1 
3:5-Diiodo tyrosine at pH 13 
3:5-Diiodotyrosine at pH 1 
Tryptophan at pH 13 
Tryptophan at pH 1 


2600 

2650 

2700 

2750 

1*66 

M4 

0*96 

1*14 

0*53 

0*76 

1*09 

1*29 

M4 

1*32 

1*46 

1*63 

2*95 

3*82 

4*32 

4*88 

3*25 

4*10 

4*72 

5*16 




A 

3050 

3100 

3150 

3200 

1*25 

0*70 

0*35 

0*09 

512 

4*69 

5*18 

4*37 

0*62 

0*23 

. — . . 

— 

0*52 

0-14 

0*05 


0*09 



■’ . ' ' 


2800 

2850 

2900 

2950 

1*50 

1*80 

2*15 

2*30 

1*21 

0*75 

0*15 

0*02 

i. 

1*65 

2*21 

2*91 

2*01 

2*21 

2*30 

2*09 

5*43 

4*87 

4*10 

2*29 

5*49 

4*52 

3*41 

1*40 






3250 

3300 

3350 

3400 

. 

— , 

■ — / 

— ■ 

3-41 

2*37 

1*30 

0-34 


'■— ... 


' — : 

„ — " 


- , ; ■■■ 


— 


"■ 

V' , 


3000 

1*97 

3*88 

1*52 

1*25 

0*58 
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tyrosine differ sliglitiy from those obtained by 
Ginsel [1939]. 

The phenoxide ion of tyrosine, absorbs very 
strongly between 2900 and 3100 A., while the 
phenolic form absorbs little or no light in this region 
(Table 1). We have therefore used the extinction 
at the three wave-lengths of 2950, 3000 and 3050 A. 
a,s a measure of the concentration of the phenoxide 
ion. Table 2 shows that mixtures of the two forms 
behave in accordance with the expectation that the 
absorption spectra of the two molecular species are 
additive and independent of each other. 


peptide linkages changes the absorption spectrum 
of tyrosine very little [Fruton & Lavin, 1939], and 
Holiday [1936] has been able to estimate spectro- 
scopically the tyrosine and tryptophan contents of 
several proteins, with results which are in fair 
agreement with those by other methods. For other 
proteins it has been necessary to introduce a rather 
misatisfactory correction for ‘pigment’, which has 
also been discussed by Morton [1942]. Moreover 
gelatin, which contains only traces of tyrosine and 
no tryptophan, as shown by chemical methods, 
exhibits a small but definite band at 2800 A., wdiich 


Table 2. Spectrosco^yic estimation of the phenolic dissociation co7istant of tyt'osine 

Parity neutralized solutions of tyrosine were made up by mixing solutions of tyiosine in 0-01 iY HCl with appropriate 
glycine buffer mixtures, to a final ionic strength of 0*04, care being taken to avoid contamination with COg. The con- 
centrations of the phenoxide ion at different pH values were calculated from the extinctions at three different wave- 
lengths, with the aid of the values given in Table 1. 


pH 

9*50 

9-72 

9*98 

10-15 

10-33 

,10-50 

(a) at 2950 A. 

50 

69 

106 » 

127 

150 

170 

pX calc. 

10-05 

10-03 

10-05 

10-06 

10-06 

10-05 

(b) at 3000 A. 

41 

59 

90 

107 

123 

141 

pX calc. 

10-07 

10-07 

10-02 

10-05 

10-08 

10-06 

(c) at 3050 A. 

28 

38 

58 

72 

81 

93 

pX calc. 

10-04 

10-08 

10-04 

10-02 

10-07 

10-04 


The values obtained for the dissociation constant 
of the phenolic group of tyrosine vary little for 
different wave-lengths and at different pH values. 
The mean value for the pK is 10*05; the dissocia- 
tion exponent for zero ionic strength — pKq—cbji be 
, extrapolated with the aid of the simplified Debye 
.ecpiation: pKQ=:pK + 0^5 A value of 10*15 is 
thus obtained. Hitchcock [1924], by a combination 
ofsolubility and hydrogen electrode measurements, 
obtained two pK values for the alkaline dissociation 
of tyrosine. A pK of 9*2 was assigned to the amino- 
group, whilst the higher pK of 10*1 was assumed 
to correspond with the dissociation of the phenolic 
group. This interpretation is supported by our 
spectroscopic measurements. 

The dissociation constant of the phenolic group 
in 3:5-diiodotyrosine was measured in a similar 
manner. The extinctions of partly neutralized di- 
iodotyrosine solutions at the wave-lengths 3300, 
3250, 3200 and 3150 A. were determined and the 
pK calculated. A mean value of 6*42 was obtained. 
This is in good agreement with the value of 6*48 
obtained by Dalton, Kirk & Schmidt [1930]. 

The state of tyrosine in insulin 
The applicability to proteins of the spectrophoto- 
metric method, thus established for tyrosine and 
diiodotyrosine, depends mainly on the validity of 
the assumptions indicated above. Can the absorp- 
tion spectra of proteins quantitatively be inter- 
preted in terms of those of their constituent amino- 
acids ? It has been shown that the introdubtion of 


is shifted towards the red in alkaline solution 
[Anslow & Assar, 1940]; these authors ascribe this 
band, which thejr also find in egg albumin, to 
peptide bonds. This interpretation, however, ap- 
pears to be based on insufficient evidence. 

Insulin has an amino -acid composition which 
simplifies the interpretation of vspectroscopic data. 
It contains 12*5% of tyrosine [du Vigneaud, 1938] 
and no tryptophan; 12*5% of cystine, which is ail 
present in the disulphide form; and some phenyl- 
alanine. The ultra-violet absorption spectrum of 
insulin has been examined by several authors, and 
was found to resemble that of tyrosine [Kuhn, 
Eyer & Freudenberg, 1931 ; Coulter, Stone & Kabat, 
1936; Graubner, 1938], 

Tables 3-5 and Fig. 1 give the experimentally 
determined molecular extinction coefficients of 
insulin at different pH values. With a molecular 
weight of 46,000 [Miller & Anderson, 1942], insulin 
contains 32 tyrosine and 24 cystine groups. The 
absorption of cystine in the relevant part of the 
spectrum is quite small; in order to calculate the 
tyrosine groups we have corrected, however, for 
cystine, using the values given by Ley & Arends 
[1932], In acid solution (Table 3 and Fig. 2) the 
absorption of insulin at the maximum, i.e. between 
2700 and 2800 A., agrees quite well with, the calcu- 
lated value. At shorter wave-lengths the absorption 
can obviously not be explained by tyrosine alone; 
phenylalanme may be largely responsible for this 
excessive absorption. At the longer wave-lengths, 
ie. at 2850 A. and above, however, the absorption 
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of insulin is considerably greater than the calculated 
value, which is based on the assumption that tyro- 
sine in insulin has the same absorption as the free 
amino-acid. The curve is very steep in this region 
and a slight shift of the absorption band of tyrosine 
incorporated in protein would greatly change the 
extinction coefficients. A shift of the whole band 


Absorption of insulin in alkaline solution 

In alkaline solution there is an increase of absorp- 
tion below 2650 A., which is probably not connected 
with the ionization of the phenolic group, since it 
occurs at pH 9. The absorption in the region from 



A (A.) A (A.) 

Fig. 1. Fig. 2. 


Fig. 1. Absorption spectrum of insulin.. Curve no. 1 was obtained at pH 1, the figures 2-9 correspond to 
the pH values in Table 5, whilst curve 10 was obtained at pH 13*4. 

Fig. 2. Absorption spectrum of egg albumin. 

by about 20 A. appears quite possible, and would 2650 to 2800 A. does not change appreciably if the 
account very satisfactorily for the whole absorption pH is increased to 13. A further increase of alka- 
curve of insulin. It can be concluded that in acid linity, however, is associated with a greatly in- 
solution the absorption of insulin above 2700 A. is creased absorption between 2650 and 2850 A., and 
quantitatively explained in terms of that of tyrosine the maximum at 2950 A., which is mainly due to 
and that of cystine boimd in disulphide linkage, and the. phenoxide ion, becomes less distinct. This 
it appears unnecessary to postulate the presence of ‘unspecific’ absorption which is connected with an 
other absoxbing groups, or of any linkage of the unlmo^vn change in the molecule appears to spread 
phenolic group of tyrosine. to longer 'wave-lengths and at pH 13*8 the extinc- 


Table 3. Molecular extinction coefficients of insulin at pH I, with the number of 
tyrosine groups thus calculated 

r':/': ... 2450 2500 2550 2600 2650 2700 2750 2800 2850 2900 

exlO-^ 2-36 1-95 2-08 2-46 3-07 3-89 4-50 4-22 3-02 1;05 

Ho. of tyrosine groups — • — _ 35*6 34-1 32*0 32-2 32-4 37*6 60*6 

calculated ■ 

Tabled. Molecular extinction coefficients of insulin at alkaline pH) with 
the number of tyrosine gro^ips thus calculated 



A(l.) ... 2750 

2800 

2850 

2900 

2950 

3000 

3050 

3100 

3150 

€xl0-^ (a) 

a.tj)Hl3-0 3-72 

5*05 

5-90 

6-90 

7*30 

6*70 

4*30 

2*69 

■ 1*81 


Ho. of tyrosine groups calculated 29-1 

31*5 

31-2 

31-2 

30*4 

33-5 

34*0 

.,36-4 

50*4 

,, ib) 

at pH 13-4 — 


6-85 

7-40 

7*60 

6*98 

4-78 


— 


Ho. of tyrosine groups calculated — 

■ — 

36-1 

33-1 

32-0 

35*0 

37-5 

— ■ 


» ' b-} 

at p.H 13*8 — 


.■7-75 

7-89 

7-76 

7-41 

5-21 

■ _ „ 




Ho. of tyi'osine groups calculated — 

— 

4M 

34-9 

33-6 

37-0 

41*0 

, , ; 
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tion coefficients at 3000 and 3050 A. substantially 
exceed the .calculated value. 

It will be shown later that the phenolic groups in 
insulin dissociate at a higher pH than do those in 
tyrosine, and the ionization will therefore not be 
quite complete at pH 13-0, It can be calculated 
that approximately 30 groups out of 32 are disso- 
ciated at that pH. The absorption at pH 13*0 is 
fully explained if we assume again the slight shift 
postulated above. At higher alkalinity the values 
foiuid are much too high, which must be due to 
‘unspecific’ absorption. Generally speaking, how- 
ever, it can be concluded that the absorption curve 
of insulm between the limits of pH 1 and 13 can be 
completely’ accounted for by its amino -acid com- 
position, if we assume a slight shift of the curve for 
tyrosine incorporated in protein, in comparison 
with that for the free amino -acid. 

Change of absorption of insulin 
with change in pH 

Having thus established a quantitative correla- 
tion between absorption spectrmn and stoichio- 
metric composition, we studied the change of the 
spectrum as a function of the pH in greater detail 
(Table 5 and Fig. 1). The desired pH was obtained 


1943 

of Table 1 are not very different, but the agreement 
at the same pH, and different wave-lengths is less 
'satisfactory. A slight- error in the first assximption 
will not significantly affect the results. 

It can be seen from Table 5 that agreement at any 
one pH for different wave-lengths is satisfactory, 
but that the apparent pK increases considerabl}?' as 
the pH rises. The mean pK fopad for the phenolic 
group in insulin is about 11, as compared with 10-1 
for that of tyrosine. The pK is calculated as^ if 
insulin were a monobasic acid so far as tyrosine is 
concerned; such a method of calculation would be 
correct if the tyrosine groups were placed so far 
from each other, and from any other group wdiich 
could influence the intrinsic pK of the phenolic 
group, as to render such an influence ne^igible. This 
is obvipiisly not the case; We may safely assume 
that the effect of charged groups will be the most 
important factor; substitution by polar but un- 
charged groups wdll not affect the pJI greatly, 
imless such substitution were to take place in the 
phenolic ring itself. Calculated for a molecular 
weight of 46,000, insulin has 8 arginine, 32 histidine, 
4 lysine and 24 free a-amino-groups [Chibnall, 
1942], The number of free carboxyl groups is not 
loiown with any accuracy, but we deduce from the 
titration data of Harington & Neuberger [1936] 


Table 5. Molecular extinction coefficients of insulin at different pH values, with the pH values 

for the phenolic groups thus calculated 

pH values at which deter- 


minations were made . . . 
(a) € X 10"^ at 2950 A. 

Ho. of phenolic groups ionized 
pX calc. 

(d) € X lOf ^ at 3000 A. 

Ho. of phenolic groups ionized 
pl{ calc. 

(c) € X 10-«”at 3050 A. 

Ho. of phenolic groups ionized 
pX calc. 


9-9 

10-2 

10-45 

10-8 

146 

2-27 

2-76 

3-88 

54 

8-6 

10-6 

15-5 

10-63 

10-63 

10-75 

10-83 

M2 

1-87 

2-34 

3-39 

4-6 

8-0 

10-2 

15-4 

10-67 

10-68 

10-78 

10-83 

6-7 

1-21 

1-76 

2-47 

4-4 

8-1 

124 

17-0 

10-69 

10-67 

10-65 

10-75 

0-55 

0-55 

0-65 

0-7 


11-35 

11-8 

12-3 

13-0 

4-56 

5-04 

6-44 

7-30 

184 

20*4 

26-3 

30-0 

11-25 

11-55 

11-64 

11-82 

4-11 

4-53 

5-87 

6-7 

18-2 - 

20-1 

26-3 

30-0 

11-23 

11-57 

11-65 

11-82 

2-94 

3-25 

3-96 

4-30 

20-3 

22-5 ' 

27-5 

30*0 

11-12 

11*43 

11-52 

11-82 

1-1 

1-4 

1-5 

1-7 


by mixing C02-free NaOH with a portion of a 
concentrated solution of insulin made up in 0*01 N 
HCl, and diluting to the required volume ; the ionic 
strength in most instances was less than 0*01. The 
time interval between the addition of alkali, the 
completion of the spectroscopic measurements, and 
the estimation of pH, was less than 10 min. The 
calculation of the pl£ was based on the assumption 
that 94 % of the tyrosine groups in insulin are 
ionized at pH 13, which is equivalent to an effective 
pX of 11-8 over the very alkaline range. It is 
further assumed that the differences between the 
absorption spectra at pH 1 and 13, within the limits 
of 2950 and 3050A., are entirely due to tyrosiiie; 
the shift in the tyrosine spectrum is thus taken into 
account. The pK values calculated from the data 


that there are approximately 50 such groups. At 
pH 9-9 all the iminazole and most of the a-amino- 
groups will be ionized, while all the guanidino and 
most of e-amino-groups will still retain their positive 
charges. The total net charge of the insulin molecule 
at that pH will be approximately — 40. At pH 1.2*3 
most of the tyrosine groups will have dissociated, 
most of the lysine groups become unionized, and 
the net charge increased to about —70. The in- 
crease in apparent pX of the phenolic group 
runs parallel with this increase of net charge of 
the molecule, and it is concluded that the shift 
of the apparent pX of tyrosine in the protein, as 
compared with that qf free tyrosine, is largely^ 
accounted for by the increase in the negative charge 
of the protein as the pH is raised. On this ‘net 
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electrostatic effect ’ there may be superimposed a the change of the dissociation constants of ionizabie 

Specific local effect of some substituents, say of groups in the protein is entirely dependent on the 

neighbouring guanidino groups, on particular tjrro- size, shape and net charge of the molecule. Spherical 

sine groups, but such specific local effects are molecules of the same molecular -weight class, like 

probably of minor importance compared with that egg albumin and insulin, should therefor© show an 

of the total net charge. It has so far been assumed identical behaviour if the net charge is the same. 

that the charge distribution on the surface of the It can also be predicted that in the neighbourhood i 

protein molecule is symmetrical; there is no definite of the i.e.p. the dissociation constants will be ap- 

evidence that this is so in the case of insulin. The proximateiy the same as those found in the simple :! 

low dipole moments found for many proteins amino -acids or peptides, whilst in very acid media, . ; 

[Oncley, 1942] seem to indicate, however, that or in most cases even more in alkaline solution, a ■ i 

proteins in general do not show any marked asym- considerable shift is to be expected. J 

metry of charge distribution and, in the absence of Most of the spectroscopic data refer to a molecule 

any evidence to the contrary, this generalization is outside the stability range of insulin, as defined by 

considered to apply to insulin too. the sedimentation method [Miller & Anderson, 

Instead of considering* the pH as constant 1942]. The changes occmTing at moderate alka- 
throughout the solution, and treating the pK of the linity are, however, reversible [Sjogren & Svedberg, ! 

phenolic group as a variable dependent upon the 1931] and we believe that our data, which were 

net charge, we might equally well, and perhaps more obtained at pH values of 1 2 or less, represent charac- . ; 

usefully, consider the intrinsic ionization tendency teristies of the michanged, or reversibly-changed, ^ 

of the ionizing group as constant, and the pH on insulin molecule. fj 

the surface of the protein — pHg — as variable and 1 1 

depending on the bulk pH— pH,— and on the net Absorption spectrum and composition . | 

charge [Danielli, 1937; 1941; Hartley & Roe, 1940]. of egg albumin t' 

Because of its negative charge, the surface of the Egg albumin presents a much more complicated 
protein at an alkaline pH will contain more protons pictm*e. In acid solution there is a point of maxi- |i 

than the bulk of the solution, and the ultra-violet mum absorption at about 2800 A.; at pH 13 there If 

‘colour’ of the phenolic groups will serve as an is very marked increase of absorption between 2950 P 

indicator of pHg. It must be remembered, however, and 3150 A. and the maximum is shifted to about (ii 

that the pH of the surface as defined by om* mea- 2900 A. (Fig. 2). Qualitatively this behaviour is to l'f| 

surements is not quite the same as the pH^ as used be expected for a molecule containing both tyrosine || 

by Danielli [1941] in his study on the ‘protein and tryptophan. The quantitative analysis of the 

error ’ of indicators. In the latter case the pH of spectrum in terms of these two amino -acids is, % 

a volume element of the solvent adjoining the sur- however, not quite satisfactory. j 

face is considered, while we estimate the pH at a .. There is a certain amount of disagreement about |i ;’ 

point on the actual surface of the molecule itself, the molecular weight of egg albumin; we have 1; 

The differences between bulk pH and surface pH, accepted Chibnall’s [1942] figure of 43,000 which is I ;; 

which are numerically identical with the differences in fair agreement with most recent data. We have li 

between the pK of the phenolic group in the protein, also used his data for tyrosine and tryptophan, i.e. 17 

and that of fi’ee tyrosine, are recorded in Table 5; we assume that egg albumin contains 10 tyrosine A 

the values are not strictly accurate, since no corree- and 3 tryptophan groups per molecule. Table 6 | 

tioii for the variation of ionic strength was made, gives the molecular extinction coefficients found at >1 

but they give an indication of the magnitude of the different pH values, and also the calculated extinc- 1]; . 



shift of pK with increasing net charge, according to tion coefficients. The latter data were obtained by 
the first view, or of the difference between pHj, and use of the figures for extinction coefficients given in 
pllg according to the Hartiey-Daiiielli definition. Table 1, with the assumption that no phenolic 

If the generalization be accepted that the surface groups are dissociated at pH 9*5 and. that all 
of protein molecules is electrically uniform, then 10 groups are ionized at pH 13. 


Table 6. Molecular extimtion coefficients of egg albumin 


Found 1-12 M3 1*45 

Calc. — 1*50 

Found 1*48 1*27 1*70 

Calc. — — 1*42 


(c) at pH 13*0 .Found 
Calc. 
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At pH 4*9 the agreement between calculated and 
found values is quite satisfactory at the maximum, 
i.e. at 2800 A . ; at the shorter wave-lengths the 
experimental values are too low by about 10%, 
while at 2850 A. and higher the extinction coeffi- 
cients foimd are much larger than those calculated. 
These very high values at longer wave-lengths are 
also observed at pH 9-5, and to a lesser extent at 
pH 13. This discrepancy, which is here more marked 
than is the case with insulin, may be due to a 
number of causes. The absorption bands of tyrosine 
and tryptophan present in the protein may differ 
from those of the ‘free amino -acids. ■Such a shift 
would be expected if these groups were linked to 
other groups by hydrogen bonds [Morton & Stubbs, 
1940], An examination of the fine structure of the 
tryptophan band in the egg albumin spectrum has 
revealed such a shift towards longer w^ave-lengths 
[Holiday, 1942]. It is also possible that another 
group is responsible for the increased absorption, as 
has been suggested by Anslow & Assar [1940]. 
A third possibility is that some of the increased 
‘absorption’, particularly that above 3200 A., is 
.actually due to scattering of light, but an extra- 
polation to shorter wave-lengths with Rayleigh’s 
formula, which was attempted by Custers, de Boer 
& Dippel [1933] for gelatin, appears misatisfactory, 
since the refractive index of the protein for the 
.light which is absorbed by the molecule, will prob- 
;ably be different from that found for light to which 
the protein is transparent. It seems unlikely that 
the discrepancy found can be explained by scat- 
tering. If allowance is made for the shift of absorp- 
tion bands in the protein, the absorption spectrmn 
of egg albumin between pH 1 and 13 can be almost 
quantitatively explained in terms of tyrosine and 
tryptophan, so that the change observed between 
pH 9*5 and 13*0 must be mainly due to the ioniza- 
tion of the phenolic group. An exact quantitative 
estimation on the basis of the present data is, 
however, somewhat uncertain. 

Change of abso^^ption spectrum of egg albmmn 
on denaturatio7% 

If the pH of an egg albumin solution is increased 
from 9*5 to 12 little change in the absorption 
spectrum occurs, but if the pH is raised to 13 the 
spectrum changes very markedly (Table 6 and 
Fig. 2). If a solution exposed to pH 13 be brought 
back to pH 12 the absorption between 2900 and 
3150 A. is very much larger than that of a solution 
of pH 12 and ^ the same ionic strength not pre- 
viously exposed to pH 13 (Fig. 3). Exposure to 
pH 13 also denatured the protein, and it appeared 
likely that the irreversible change of the absorption 
S 23 ectrum, and the denaturation, were interrelated 
phenomena. This was shown to be the »case. De- 
by acid, urea, alkali and heat aH pro- 


duced the marked increase of absorption at pH 12, 
for wave-lengths above 2850 A. (Table 7). Denatu- 
ration was demonstrated by the appearance of a 
precipitate on adjusting the pH to about 5, and 
also by a positive nitroprusside reaction. Exposure 
to pH 12 for 72 hr. at room temperature produced 
no denaturation and no change of absorption 


pH 12-0 
Native 


Fig. 3. Absorption spectrum of native and 
denatured egg aibumhi at pH 12. 

spectrum. Denaturation at pH 13, however, ap- 
peared to be instantaneous. This- is m agreement 
with the findings of Caiman [1942], who noted that 
the speed of denaturation of egg alb;umiii by alkali 
is proportional to the fouith power of the hydroxyl 
ion concentration. 

The extinction coefficients of preparations of the 
same protein which have been denatured by 
different means are approximately the same, and 
the increase in absorption must be coimected with 
the mechanism of denaturation. The lack of ioniza- 
tion of the phenolic groups in the native protein, 
demonstrated here spectroscopically, is also con- 
firmed by the titration data of Camian, Kibrick & 
Palmer [1941]. The absorption spectrum indicates 
that on denaturation the plienolic groups are able 
to ionize at a pH lower than 12. This interpretation 
is supported by the change of absorption of the 
denatured protein with pH. Our data do not permit 
of an accurate estimation of the dissociation con- 
stant of the phenolic group in the denatured pro- 
tein; the pK appears, however, to lie between 11-4 
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Table 7. A.hsoTption spectra oj native and of 

denatured egg albumin 

The stock egg albumin solution contained 7-59 g. of 
proteui/100 ml. of solution. For urea denaturation 1*89 g. 
of urea 'vv as added to 2 ml. stock solution, and the mixture 
was allowed to stand for 45 min. , Acid denaturation was 
produced by adding 3 ml. 0-1 A^ KOI to 1ml. of stock 
solution and keeping the mixture at 35° for 6 lir. Heat- 
denatured protein was obtained by adjusting tiie protein 
solution first to pR 7.5, and then heating it to 85° for 
8 min. At that the solution remained eleai*. After 
dilution of these solutions, their jpH was suitably adjusted 
by the addition of acid or alkali. 


Fgg-aibumin solution 

A{1.) 

€ X 10-4 

(a) Urea-deiiatured at pH 10-75 

2950 

1*51 


3000 

‘ 0*96 


3050 

0*55 

(b) Urea-denatured at pH 11*55 

2950 

2*01 


3000 

1*53 


3050 

0*96 

(c) Urea-denatured at pH 12*0 

2960 

2*78 


3000 

1*89 


3060 

1*25 

(d) Alkali- denatured at pH 12*0 

2950 

2*75 


3000 

1*84 


3050 

1*21 

(e) Acid-denatured at pH 12*0 

2950 

2*70 


3000 

1-78 


3050 

1*18 

(/) Heat-denatured at pH 11*3 

2950 

1*60 


3000 

0*97 


3050 

0*60 

(g) Heat-denatured at pH 12*0 

2950 

2*60 


3000 

1*71 


3050 

Ids 

(/i) Native at pH 12*0 

2950 

1*49 


3000 

0*95 


3050 

0*50 


11-8, a value not very different from that found 
for insulin. The difference in extinction coefficients 
between native and denatured protein at joH 12 
corresponds to the ionization of 5—6 tj-Tosine groups, 
and from the probable value of the pK it must be 
concluded that at least 7-8 phenolic groups are 
concerned. It is possible that about 2 plienolic 
groups can ionize in the native protein, and this 
raaj" account for tlie slight increase of absorption 
observed between pH 9 and 12; but this is im- 
certain. 

ihe interpretation of the spectroscopic changes 
in terms of the acquired ionization of the phenolic 
groups on denaturation appears well fomided, but 
tile cause of this is, at present, a matter for specu- 
lation. It may be that phenolic groups in the native 
protein have pK values larger than 12*5, due to the 
specific configuration of the molecule, and that on 
denaturation the unfolding of the protein causes a 
change in pii. Such, an assumption implies a highly 
asymmetrical ciiarge distribution in the native pro- 
tein which is very unlikely. It is also possible that 
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the tyrosine groups are not on the surface of the 
molecule and are thus not able to react with 
hydroxyl ions. This interpretation also seems im- 
probable; it is unlikely that the interior of the 
molecule is inaccessible to small ions like O.H-. 
Furthermore this theory would claim a position for 
tyrosine groups different from that of all other 
ionizable groups, which can react normally with 
H+ and OH". It seems most probable that the 
phenolic OH groups are bound, in the native pro- 
tein, m a linkage which is broken by denatui^ation. 
This interpretation is supported by the behavioui^ 
of native and denatured egg albumin to reagents 
such as ferricyanide [Mirsky & Anson, 1936], Folin’s 
phenol reagent [Herriott, 1938] and porphyrindine 
[Brand & Kasseli, 1940]. 

Mirsky & Pauling [1936] have postulated hydro- 
gen bonds in proteins and have suggested that the 
breaking of such bonds may be largely responsible 
for denaturation. Phenols are known to form com- 
paratively strong H bonds, but most relevant obser- 
vations have been made either in non -polar solvents 
or on crystals. One of the few examples of PI bond 
formation in water of phenols with groups other 
than those of the solvent molecules is that with 
salicylic acid or the salicylate ion, and a similar 
type of bond between the phenolic group of tyrosine 
and a carboxyl group of another amino-acid residue 
may exist in native proteins. The negative charge 
of the COO- ion would stabilize the bond appre- 
ciably, and the bond would definitely increase the 
acid strength of this COOH, as in the case of 
salicylic acid [Branch & Yabroff, 1934]. SH gi’oups 
may also be masked by the formation of weaker 
hydrogen bonds [Hopkins & Hmiter, 1942]. More- 
over, unknown groups may be concerned in a 
similar bond formation. The large number of such 
bonds, of which those formed by tyrosine will 
probably be the strongest and therefore the most 
important, would endow the native eo.niiguration of 
the protein with a certain degree of stability.’^ 
Strongly alkaline solution will cause ionization of 
the phenolic groups and thus break the hydrogen 
bonds; in order to effect denaturation it may be 
necessary to break several of these bonds simul- 
taneously and thus the speed of denaturation will 
increase with a high power of the OH" concentra- 
tion [Camian, 1942], The mechanism of denatura- 
tion by heat at neutral pH may be very similar, and 
may also involve ionization of the phenolic hydi'oxyl 
group. Denaturation by acid may be due to a 
different mechanism. Addition of H- to COO- will 
transform a strong H bond, stabilized by the 
negative charge, into a weaker bond, aitliough no 
definite figures can be given for the relative bond 
energies in the acid and in the ion. Such a picture 
Brand & Kasseli [1942] have very recently suggested 
a similar theory for the denaturation of lactoglobuiin. 
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of denakiration, in wliicli the H bonds formed by 
the'phenolic groux^ are largely, but not exclusively, 
responsible for the configuration of the native pro- 
tein, is ill accordance with other known facts. If a 
protein is irradiated with ultra-violet light it be- 
comes either denatured, or changed in such a way 
that it becomes insoluble on a very slight increase 
of temperature [Clark, 1935]. It has also been 
found by Svedberg & Brohult [1938] that haemo- 
cyaiiin is split by irradiation wnth light of A = 2800 A. 
If hydrogen bonds formed by phenolic groups are 
present in tiiese native proteins, then these effects 
of irradiation with light which is absorbed by the 
tyrosine grouping, are not surprising. Insulin cannot 
be denatured according to the usual meaning of the 
w-ord; its tyrosine groups also appear to be free and 
able to ionize. We may assiune that the large 
number of — S — S — bonds present in the molecule 
are largely responsible for the stability of this 
protein. 

SUMMARY 

1. The change of the absorption spectrum with 
pH has been used to estimate the dissociation 
constants of the phenolic groups of tyrosine 


and of 3:5-diiodot5U’osme. pJC values ... of ,10*15 
and 6*4 respectively were obtained,, which are 
in good agreement wdth those obtained by other 
methods. 

2. The absorption spectrum of insulin can be 
accomited for by the tyrosine and cystine present 
in the molecule if a slight shift of the tyrosine band 
in the protein be assumed. The change of the insulin 
spectrum with pH indicates that the pK of the 
phenolic group increases as the pH is raised. This 
change in the dissociation constant is assumed to 
be due mainly to the increasing net charge of the 
protein. 

3. The absorption spectrum of egg albuiiiin 
camiot be quantitatively interpreted in terms of its 
content of tyrosine and of tryptophan. The changes 
of absorption with pH, how^ever, clearly indicate 
that in the native protein few’- or none of the phenolic 
groups are able to ionize, -whilst after denaturation 
the occurrence of ionization can be demonstrated 
spectroscopically. The bearing of these results on 
the mechanism of denaturation is discussed. 

The authors wish to express their thanks to the Medical 
Research Council for personal grants to both of them. 
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The Excretion of Phosphatase in the Faeces 

By B. LAWRIE, From the Biocheyniaxl Ltoboratory, Addenhroohe^s Hospital, Cambridge 

(Received 2 April 1943) 


The mucous membrane of the smaii intestine is rich 
in phosphatase which can be liberated into the 
blood stream or into the intestinal secretion. This 
accounts for a part of the faecal phosphatase. Esti- 
mation of the faecal phosphatase may therefore 
enable one to study biochemically the activity of 
the mucous membrane of the small intestine in the 
intact animal. 

The early publications on faecal phosphatase are 
reviewed by Eolley & Kay [1936]. Heymann [1933] 
found the phosphatase activity to be reduced in 
rickets, spasmophilia and intestinal infantilism. 
Armstrong [1936] described the preparation of a 
strong phosphatase concentrate from dog faeces. 
Koster’s [1938, 1939] most striking finding was the 
absence of phosphatase from the faeces in some 
oases of non- tropical sprue. In leukaemia values 
above the normal range were found. Duckworth & 
Godden [1941] used faecal phosphatase estimations 
to measure intestinal secretory activity in rats. 

The experiments to be described were performed 
on the stools of normal adults between 20 and 35 
years of age, free from any gross peculiarities of 
dietetic habit. 

EXPERIMENTAL 
Est hnat ion of phosphatase 

Technique. The stool was weighed, ground with water 
until homogeneous in a 1 in 400 suspension. Phosphatase 
was estimated by Bodansky’s [1933] method. The increase 
in 1 hr. in inorganic phosphate, expressed as mg. P/lOOg. 
of untreated or of dried faeces, is referred to as units of 
phosphatase activity (wet wt.) and (dry wt.) respectively. 
The former is comparable with the Bodansky unit of 
phosphatase activity. 

Reliahility of samplmg. Subjects were instructed not to 
eat foods likely to leave large undigested particles. , Grinding 
of their stools with water gave thorough mixing, and tripli- 
cate analyses showed that representative 0-5 g. samples 
could be obtained. 

RESULTS 

Solubility of the enzyme 

Filtration of the suspensions removed a large and 
variable proportion of the phosphatase. Thus a 
stool which contained 2*00 x 10^ units (wet wt.) was 
tested again on four filtrates and the following 
results obtained: 0*11 x 10^, 0*13 x 10®, 0*13 x 10®, ^ 
0*15 X 10® units. Substitution of saline for water 
did not affect the activity of the suspension. 

Biochem. 19*43, 37 


Activation of the enzyme by Mg 

MgClg was added to give concentrations of 0*025 
and 0*05% (approx. 0-005M) wliich was found by 
Bowers, Outhouse & Forbes [1940] to be optimal 
for dog faecal phosphatase. The phosphatase in 
human faeces is not fully activated with regard to 
Mg (Table 1), but any difference obtained by acti- 
vation with Mg is negligible in comparison with the 
individual variations occurring physiologically. 

Table 1. Activation of faecal phosphatase by MgGl^ 


Phosphatase activity in units wet wt. x 10"® 


Stool 


Cone, added MgCb 
in digest 

_-A 

Max. acti- 
vation 

% in- 

f 



no. 

Nil 

0*025% 

0*050% 

crease 

1 

3*22 

3*58 

3*54 

11 

2 

4*28 

4*66 

4*66 

9 

3 

4*32 

4*25 

4*62 

7 

4 

15*3 

17*3 

14*8 

13 

5 

3*52 

3*80 

3*90 

11 

6 

5*20 

— 

5*60 

8 

7 

8*6 

— 

9*6 

12 

8 

9*2 

— 

10*2 

11 

9 

10*0 

— 

10*4 

4 

10 

7*34 

— 

8*00 

9 


Inhibition of the enzyme by KCN 



The results (Table 2) show that this phosphatase 
is strongly inhibited by 19~^M KCN. 


Table 2. Inhibition of faecal phosphatase by KCN 




KCN cone. 

Phosphatase 

Inhibi- 



in digest 

activity 

tion 

Stool 

Sample 

M 

units wet wt. 

% 

A 

1 

Nil 

2*64x10®) 

■■ 95"' 


2 

10-2 

0*13 X 10® f 


3 

Nil 

2*74 X 10®) 

96 


4 

10-3 

0*llxl0®| 

B 

1 

Nil 

2*96 X 10®) 

94 


2 

10 "® 

0*llxl0®| 


3 

Nil 

3*42x10®) 

97 


4 

10 -® 

0*09xl0®| 


Effect of NaF on activity of the enzyme 

Experiments similar to those using KCN (Table 3) 
show that NaF has no effect upon the phosphatase 
activity of these preparations. 


f 


1 

I 




I 

I 

I 
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Table 3. Effect of NaF upon faecal 




phospjhatase activity 




NaF eonc. 

Phosphatase 

Activa- 



in digest 

activity 

tion 

Stool 

Sample 

if 

units wet wt. 

o/ 

/o 

A 

1 

Nil 

4*08 X 10®) 

V 


2 

10-® 

4-13x 10®[ 

1 


■ .3 

Nil 

4-20 X 10®[ 

A 


' 4 

10"® 

4-20 X 


B 

1 

Nil 

3-76 X 10®} 

o 


2 

10"® 

3*89 X 10®; 

o 


' 3 

Nil 

3-75 X 10®| 

7 


4 

10-® 

4-02 X 10® 1 



The phosphatase activity of normal stools 

Stools from 50 normal adnlts were analysed for 
phosj)hatase activity and water content. The re- 
sults are given in Table 4. 


Table 4. Phosphatase activity of normal stools 



Min. 

Max. 

Mean 
of 50 

Units wet wt. x 10~® 

0-8 

36*7 

6-0 

Units dry wt. x 10"® 

1-9 

103-0 „ 

23-0 

Dry matter in stool (%) 

15-0 

47-0 

30-0 


DISCUSSION 

Cloetens [1939 a, 6; 1940] has presented evidence 
that the alkaline phosphatase of animal tissues con- 
sists of two types, 'alkaline phosphatase IV and 
‘alkaline phosphatase II V This classification is 
based upon activation or inhibition by Mg ions, 
CN and F. The present results indicate that faecal 
phosphatase belongs to the subdivision type II of 
Cloetens, of the group A I of Folley & Kay [1936]. 
Cloetens found that nearly all the phosphatase of 
the small intestine of guinea-pigs was of this type. 

The most strilcing feature of the analyses of 
normal stools is their extreme range of variation; 
but even the lowest value (0*8 x 10® units wet wt.) 
is 200 times the maximum value for normal serum. 
The values were very unevenly distributed: 36 of 
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them (dry wt. basis) fell below the mean and only 
14 above. The maximum value observed by Koster 
[1939] if converted into comparable units (dry wt.) 
is 94 X 10®, which is close to the present maximum 
value of 1 03 X 10®. If the mean phosphatase activity 
of the pooled faeces from six normal rats studied 
by Duckworth & Godden [1941] is converted into 
comparable units, a value of 1*8 x 10® (wet wt.) is 
obtained, which lies within the range of 0*8 x 10® 
to 36*7 X 10® units (wet wt.) given above for normal 
hmnan stools. 

There is probably a negative correlation between 
the percentage of dry matter in normal stools and 
their phosphatase activity. Twenty -four stools con- 
taining less than 30 % of dry matter had an average 
of 33 X 10® units (dry wt.) and 26 stools containing 
30% or more dry matter had 14 x 10®. The speed 
of transit of the stool through the intestine probably 
influences dry -matter content and phosphatase 
activity in opposite senses. Koster [1939] states 
that MgSO^ taken by mouth, or a diet rich in green 
vegetables, increases the phosphatase activity of 
the stools. This effect he attributes to activation of 
the enzyme by Mg ions. Both procedures are, 
however, likely to increase the speed of transit of 
the intestinal contents and diminish the percentage 
of dry matter in the stools. 

SUMMARY 

1. The phosphatase activity of normal human 
faeces has been shown to be slightly increased in 
vitro by 0-53 x 10“®ilir MgClg, uninfluenced by 
10~® ilf NaF, and very strongly inhibited by 
10-2MKCN. 

2. The range of variation of the phosphatase 
activity of 50 normal stools was from 1*9 x 10® to 
103 X 10® units (dry wt.) with a mean value of 
23*0 X 10® miits. 

3. There is probably a negative correlation be- 
tween the phosphatase activity /unit wt. dry matter 
and the percentage dry matter in normal stools. 
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The Amino -acid Composition of Tyroddine 

By a. H. GORDON, A. J. P. MARTIN and R. L. M. SYNGE, From the Wool Industries 
Research Association, Torridon, Headingley, Leeds 

{Received 3 March 1943) 


Tyrocidine hydrochloride, a crystalline antibacterial 
substance obtained, with gramicidin, from cultures 
of certain bacteria [Hotchkiss & Dubos, 1941] has 
been shown [Hotchkiss, 1941; Christensen, Edwards 
& Piersma, 1941] to be of polypeptide nature. A 
limited study of the constituent amino-acids has 
been made by these authors, and by Lipmann, 
Hotchkiss & Dubos [1941]. Dubos [1942] and Dubos 
& Hotchkiss [1942] have reviewed its biological 
properties. 

We have studied the products of acid hydrolysis 
of tyrocidine by partition chromatography [Gordon, 
Martin & Synge, 1943^, 6]. The extraction of the 
acetylation mixture with organic solvents has been 
rendered almost quantitative, and the use of pelar- 
gonin chloride instead of methyl orange has practi- 
cally eliminated ‘leaching’ of indicator, facilitating 
continuous observation of the more slowly moving 
‘bands’. These changes have extended the quanti- 
tative applicability of the method to acetamino- 
acids, whose bands move more slowly than that of 
acetylalanine, and although further investigation 
is necessary before the method can be used for the 
simultaneous determination of the eight common 
amino -acids of this group, the present procedure 
has proved useful with tyrocidine which seems to 
contain only three of these. Using a variety of 
solvent systems, we have not yet achieved a satis- 
factory chromatographic separation of the acetyl 
derivatives of glutamic and aspartic acid, and have 
made use of the differential evolution of CO 2 in the 
presence of ninhydrin from the corresponding free 
amino-ackis [Van Slyke, Dillon, MacFadyen & 
Hamilton, 1941] for estimating their relative pro- 
portions. 

From tyrocidine hydrolysates we have isolated 
and identified as then acetyl derivatives, phenyd- 
alanine, leucine, valine, proline, tyrosine, glutamic 
acid and ornithine, and have obtained further evi- 
dence for the presence of tryptophan and aspartic 
acid [Hotchkiss, 1941]. Alanine, glycine, lysine and 
hydroxyproline appear to be absent. Christensen 
et al, [1941] claim to have isolated alanine (as its 
dioxpyridate) but give no details. 

All these amino-acids have been obtained pre- 
dominantly as the ^isomers, except phenylalanine, 
which we find predominantly d-, and tryptophan, 
whose optical configuration was not determined. 
Many of the specimens isolated were considerably 


racemized. Our estimate of the total amount of 
<f-amino-acids in the hydrolysate is consistent with 
that of Lipmann et al. [1941]. This seems to be the 
first report of d-phenylalanine in nature. The simul- 
taneous incorporation by the same organism of 
d-leucine residues (in gramicidin) and Lleucine 
residues (in tyrocidine) has biological interest. 

Ornithine was isolated as its di-acetyl derivative 
which proved identical with that obtained from 
Z-ornithine, described here for the first time. Orni- 
thine has previously been isolated only from hydro- 
lysates of protein or polyq)eptide material that had 
been treated in such a way as probably to modify 
the guanidino group of arginine residues [Kossel & 
Weiss, 1913]. The negative Sakaguchi reaction of 
tyrothricin [Hotchkiss & Dubos, 1941] excludes 
arginine as an immediate precursor, although it 
must be borne in mind that tyrothricin is obtained 
from autolysed cultures. The presence of both pro- 
line and ornithine in the hydrolysate suggested that 
citrulline might be a common precursor for both 
[Wada; 1933], particularly since tyrocidine, like 
most proteins, gives a positive Fearon [1939] reac- 
tion. However, Z-citrulline, when subjected to the 
same, conditions of acid hydrolysis, acetylation and 
chromatographic analysis, gave at most 8 % of a 
mol. of proline and 22 % of a mol. bf ornithine. 
Since imder the same conditions of acid hydi'olysis 
citrulline evolved no CO 2 , while urea, another 
possible product of the reaction postulated by 
Wada, evolved 42-53 % of a mol. of CO 2 , and also 
in view of his inadequate characterization of his 
product, we disbelieve Wada’s statement that pro- 
line is the main product formed by boiling citrulline 
with acid. We believe that ornithine and proline 
residues exist in the intact molecule of tyrocidine, 
although the presence of some citrulline is not 
excluded. Further work on the Fearon reaction of 
proteins is desirable. 

The satisfactory results with the estimation of 
ornithine given below confirm our view [Gordon 
et al,, 1943 a] that partition chromatography should 
provide a satisfactory micro -analytical procedure 
for the direct determination of lysine. 

Quantitative analyses of tyrocidine hydrolysates 
were carried out and controlled by parallel analyses 
of a known mixture of the constituent amino -acids 
in similar quantity and proportion (Table 1). We 
were struck by the very low and variable recovery 
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of tryptophan, as in similar control experiments some component not present in our first mixture, 

with a different amino -acid mixture [Gordon et al,, Gortner and collaborators (for references cf. Gortner 

19436] higher and less variable recoveries of trypto- <fc, Norris [1923]) studied the role of tryptophan 

phan were obtained. Homer [1915] and Onslow in humin foripation. In our experiments humin 

[1921, 1924] suggested that other amino-acids might formation is negligible although destruction of 

Table 1. Analysis of a known mixture which had been heated with acid 
under the conditions of hydrolysis employed ivith tyrocidine 

Known mixture , ‘ Analytical results (recovery %) 


Substance present 
Acetyl-Z-phenylalanine 
Acetyl-c2-leucine 
Acetyl-^valine 
Acetyl-2-tryptoplian 
Acetyl-Z-proiine hydrate 
Acetyl-Z-tyrosine ‘ 
Total dicar boxylic acids 
Z- Glutamic acid HCl 
Z- Aspartic acid 
Diacetyl-Z-ornithine 
Ammonium sulphate 


Amount 
mg. N 
0-348 
0-290 
0-248 
0-430 
0-158 
0-167 
0-343 

0-172 

0-171 

0-493 

0-349 


Exp. 1 

(batch ‘ E ’ gel) 
106 
98-5 
102 
7 

91 

99 

79-5 

45 

113 

93-5 


Exp. 2 

(batch ‘E’ gel) 

101 

105 

102 

42 

93 

104 

96 

98(bydiff.) 

94 (by ninhydrin) 
96 


Table 2. Analysis of a glutamic acid-tryptophan mixture which had been heated with add 
in the presence of, or in the absence of, air 

Analytical results 


Known mixture 


Amino-acids 


Substance present 
Z-Giutamic acid HCl 
Acetyl-Z-tryptophan 
Z-Glutamio acid HCl 
Aeetyl-Z-tryptophan 


Air present 
during heating 
ml. at N.T.P. 


Amount 
mg. 
2-9) 
6-7; 
2-91 
6-7 [ 


Table 3. Amino-acid analysis of tyrocidine 
(N as % of total N unless otherwise stated) 
Present results 


Kecovery 

0/ 

/o 

84} 

aoj 

921 


Carbon dioxide 
^ formed 
ms. 


f 

Preparation analysed 

A 

A 

> 

B 


Christensen 
Edwards & 

I 

11 

— 

Hotchkiss 

Piersma 

mg. N taken for analysis ... 

1-56 

3-12 

2-47 

[1941] 

[1941] 

Phenylalanine 

12-2 

14-8 

12-7 

— 

12-9 

Leucine 

8-6 

7-4 

8-7 

— 

— 

Valine 

7-1 

8-0 

6-5 

— 

— 

Tryptophan 

9-5 

0-9 

1-8 

11*7, 15-9* 

4-7-6-8 

Proline 

6-4 

6-6 

7-1 

— 

— 

Tyrosine 

6-4 

6-0 

6-8 

— 

7-1 

Total dicarboxylic acids 

— 

12-2 

14-1 

16-5 

15 

Glutamic acid (by diff.) 

— 

6-1 

7-2 

— 

. — 

Aspartic acid (ninhydrin) 

. — 

6-1 

6-9 

4-5 

— 

Ornithine 

. — 

9-3 

13*2 

— 

— ' 

Ammonia 

— 

— 

— 

12-0*, 13-3 

12-8 . 

Batch of gel used in analysis 

E 

E 

E 




* Determined after brief hydrolysis. 




increase the destruction of tryptophan in hot acid, 
while Holm & Gortner [1920] studied the destruc- 
tion of tryptophan heated alone with acid. All these 
workers allowed free access of air during hydrolysis, 
which is Imown to influence the destruction of 
tr3p>tophan. In our experiments air was excluded, 
and we provisionally attribute the increased de- 
stmction to the interaction of tryptophan with 


tryptophan is ahnost complete. If this loss is due 
to interaction with other amino -acids , some de- 
struction of these might be expected, and the 
results in Table 1 suggest that proline or glutamic 
acid might be involved. Preliminary experiments 
described below with tryptophan -glutamic acid 
mixtures were not decisive, although the evolution 
of CO2 when air was present (Table 2) is of interest, 
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since proteins as usually hydrolysed yield significant 
quantities of COg [Dunn, 1925]. The hydrolysis of 
tyrocidine, with exclusion of air, in our hands 
yielded no COg . 

The accuracy of the analyses for the other amino - 
acids appears similar to that previously observed 
[Gordon et al,, 1943 a]. Some of the minor differ- 
ences between analyses 1 and 2 (Tabie 1) are 
undoubtedly due to differences in the adsorptive 
properties of the two batches of silica gel employed. 

On applying the same analytical procedure to 
tyrocidine hydi*oIysates (cf. Table 3) we obtained 
very variable figures, the extent of the fluctuations 
being much greater than the experimental error of 
the method as established by the control experi- 
ments. Destruction of tryptophan was with one 
exception practically complete. We oonciude that 
there are real differences in the composition of 
differenthydrolysates. Incomplete hydrolysis seems 
an unlikely explanation, since bands corresponding 
with acetylpeptides should have been seen [Gordon 
et aLf 1943 c], whereas the appearance of the chro- 
matograms in the analysis of tyrocidine was in no 
way qualitatively different from that in the control 
experiments, exactly corresponding ‘ artefact bands ’ 
being observed. Diketopiperazines, however, if 
present, would not have been observed. We tenta- 
tively attribute the discrepancies to the different 
course which the interaction of tryptophan and 
other amino -acids may take under the conditions 
of hydi’olysis, when these substances are present in 
the form of polypeptides rather than as free amino- 
acids or their simple derivatives. 

Further research is required to elucidate the be- 
haviour of tryptophan during acid hydrolysis of 
proteins. If the existence of interaction with other 
amino -acids or NHg is established, this introduces 


yet a fresh uncertainty into the deduction of the 
amino-acid composition of intact molecules from 
the composition of hydrolysates as usually pre- 
pared. With the average protein, of low tryptophan 
content, the percentage errors introduced in this 
way would not be as great as with tyrocidine. 
Nevertheless, they might invalidate stoichiometric 
calculations for a large molecule. 

Whatever general significance for amino -acid 
analysis our observations may have, the errors 
encountered have entirely prevented the stoichio- 
metric calculation of a ‘minimum molecule’ of 
tyrocidine hydrochloride, since molecules of a com- 
position within the accuracy of our determinations 
can easily be postulated having two or any larger 
number of OY groups, while we cannot rigidly 
exclude a molecule having only one Cl' group. 

Nevertheless, if we combine Hotchkiss’s trypto- 
phan and NHg figures with those now obtained for 
other constituents, we can say that 88-105% of 
the N of tyrocidine has been identified in its hydro- 
lysate. A reliable estimate of the molecular weight 
by physical means might throw considerable further 
light on the data presented here. 

EXPERIMENTAL ■ 

General analytical procedure 

[cf. Gordon et aL, 1943 a, h] 

Unless otherwise stated, preparations were hydrolysed by 
heating for 24 hr., at the temperature of boiling 6N HCl, 
with 0-8 ml. acetic acid and 3*0 ml. GN HCl in sealed tubes 
which had been freed from air by boiling the mixture 
in vacuo before sealing. [Gordon et al,, 19436]. 

The acetylation and extraction procedure has been 
modified as follows: 5 ml. 4iV NaOH were used in place 
of 10 ml. 2N NaOH. After acidification the solution was 
immediately absorbed in 16 g. silica gel. After thorough 




Fraction eluted with 1 % butanol-CHClg 
t Fraction eluted with 3 % butanol-CHCis 




•1.1.1 Pbenylalanine 
■ 1 .'2 . 1 + 1 .3. 1 Leucine 
■1.2.2 Tryptophan 


1.3.2 Valine 


1.3.3 Proline 

— >-1.4.1 Tyrosine 

2.1 +3.1 Glutamic and 
aspartic acids 


Ornithine 


+ Fraction eluted with 5 % propanol-cyclohexane 
^ Fraction eluted with 30 % propanol-cyclohexane 


The dotted lines in the diagram correspond to the ‘artefact bands’ observed during the fractionation. 
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mixing this was made to a slurry with 17% butanol-CHClg 
(half-saturated with water), and made into a column in the 
usual way. No indicator w^as used. The vessels were washed 
through three times with small quantities of solvent, which 
were then added separately to the top of the column and 
allowed to drain in. Finally, fresh solvent to a, total of 1 1. 
was run through the column. This multi-plate ‘ chromato- 
graphic ’ extraction utilizes solvent much more efficiently 
than the single-plate separating funnel procedure pre- 
viously employed. 

The scheme of fractionation shown above was employed. 

The initial fractionation with 17% butanol-CHClg was 
introduced to ensure complete solution of the material for 
analysis, which does not occur when 1 % butanol-CHClg is 
used first. The sihca was saturated with a 0*05% aqueous 
solution of pelargonin chloride [Gordon efaZ., 1943a]. 

In calculating N values from the titrations, the following 
factors were used : ornithine and tryptophan, 2 atoms N ; 
glutamic and aspartic acids, atom N; other fractions 
1 atom N per acid equivalent. - 

Determination of glutamic and aspartic acids 

After titration, fraction (2*1 -{-3*1) was hydrolysed with 
HCl for 6 hr. at 100°, evaporated to dryness vacuo 
and dissolved in w’^ater. A suitable portion was taken for 
ninhydrin-COg determination by the method of Christensen, 
West & Bimick [1941] mth 10 min. heating. Calibration 
experiments showed that under these conditions glutamic 
acid evolved 1-02 mol. COg, and aspartic acid 1*88 mol. 

and the relative amounts of the two amino-acids 
present were calculated from .this. 

CO 2 evolved during hydrolyses 

Before analysis of their contents the hydrolysis tubes 
were connected (still sealed) to the Van Slyke-Neill mano- 
metric apparatus through pressure tubing; the tip of the 
tube was then broken off inside the rubber, the COg trans- 
ferred to the chamber and determined as described by 
Van Siyke et al. [1941]. Control experiments showed that 
no COg was evolved by the HCl-acetic acid mixture during 
24 hr. heating. 

Preparation of tyrocldine hydrochloride 

The material studied was obtained from the residues of 
our preparation of gramicidin from tyrothricin [Gordon 
et al., 1943 &]. Preparation A was obtained by three re- 
crystallizations according to Hotchkiss & Bubos [1941]. 
After the 1st reerystallization, the material had 
== - 98°, after the 2nd, ~ 100°, and affcej the 3rd, - 100*5° 
(95 % ethanol, c - ld-1-3). Prep. A had N = 14*5 % (Kjel- 
day, with or without P-HI pretreatment). Prep. B was 
obtained from A by one further reerystallization. 

Characterization of tyrocidine constituents 

244 mg. tyrocldine HCl (Prep, A) was hydrolysed and 
prepared for ehromatogrhphy as described above, using 
double the quantity of each reagent. After making the 
hydrolysate alkaline, NHg was removed in me ao before 
addition of acetic anhydride. The chromatographic frac- 
tionation was as above, with columns of suitably enlarged 
diameter. Peiargonin chloride was used as indicator 
throughout. Significant quantities of this were eluted by 
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30% propanol-cyclohexane though not by 17% butanol- 
CHClg . • In these cases the contaminated fraction, dissolved 
in a little 17 % butanol-CHClg, was filtered through a layer 
of 2 g. silica gel saturated with water. By washing with a 
suitable volume of fresh solvent the acetamino-acid was 
eluted free from peiargonin. 

Acid equivalent weight (a.e.w.) and N (Kjeldahl) deter- 
minations were carried out as before [Gordon et al., 19436]; 
in the former, the first faint persistent pink of pheiiol- 
phthalein was the end-point. C and H determinations were 
made by Dr G. Weiler, Oxford. Melting-points are given 
uncorrected unless otherwise stated. Optical rotations were 
observed in a 2 dm. tube. 

1.1.1. Acetyl-d-phenylalanine. Crystallization from 
CHClg gave a product (m.p. 160°) which on recrystailiza- 
tion yielded 39 mg. having m.p. 164°, which was depressed 
to 150-158° on admixture of authentic acetyl-Z-phenyl- 
alanine (m,p. 169-171°). (a)i^-°° - 37*8° (ethanol, c = ]*l). 
Du Vigneaud & Meyer [1932] record for acetyl-d-plienyi- 
alanine m.p. 172° (corr.), (a)J^'’-51° (ethanol). (Found: 
C, 63*6; H, 6*48; N, 6*53 %; a.e.w. 211. Calc, for CiiH^gOgN: 
C, 63*7; H, 6-28; N, 6*77%; a.e.w. 207.) 

1 .2.1 -j-1 .3 .L Acetyl-\-leucine. Crystallization from 
CHClg yielded 17 mg. having m.p. 180-181°, not depressed 
on admixture of authentic acetyl-Z-leucine. Admixture of 
acetyl-d-leucine depressed the m.p. to 160°. (a)|^'°“ - 19*0° 
(ethanol, c=0*5). Martin & Synge [1941] record for acetyl- 
Z-leucine m.p. 182°, (a)^^° - 23*5° (ethanol, c =3*3). (Found: 
C, 55*7; H, 8-93; N, 7'9%; a.e.w. 175. Calc, for CsHjgOgN: 
C, 55*5; H, 8*67; N, 8*1%; a.e.w. 173.) 

1.2.2. AcetyUryptophan would be expected in this frac- 
tion [Gordon et al., 19436]. Crystallization from CHClg- 
cyclohexane followed by reerystallization from CHClg 
yielded 4*7 mg. having m.p. 170-190°, not depressed on 
admixture of acetyl-Z-tryptophan. (a)‘;^'®” slightly positive 
(<+3°) (ethanol, c=0*15). After evaporation from 
ethanol solution N content was 9*1 %• (P-HI pretreat- 
ment), and A.E.W. =205. (Calc, for CigHi^OgNg*. N, 11*4%; 
A.E.'w. 246.) Perhaps this fraction was a mixture of acetyl- 
leucine and acetyltryptophan. In two of the three quanti- 
tative analyses described below this fraction was also very 
small; in the other a substantial acid fraction was found. 

1.3.2. Acetyl-l-valine. Crystallization from CHClg 

yielded"^ 13 mg. having m.p. 158°, not depressed on ad- 
mixture of authentic acetyl-Z- valine. The crystals were 
contaminated by a water-insoluble gummy material, pos- 
sibly derived from tryptophan, which proved difficult to 
eliminate. (a)]?°-f2±l° (ethanol, c=0*35). Gordon et al. 
[1943 a] record for acetyl-Z- valine m.p. 164°, .-(a)Jf‘‘ -r4*0° 
(ethanol, c = 2). (Found: C, ”54*8; H, 8*22; N, 8*0%; 
A.E.W. 176. Calc, for C7H13O3N: C, 52*8; H, 8*17; N, 8*8%; 
A.E.W. 159.) . 

1.3.3. Acetyld-proline i^monoliydrate) . Crystallization 
from wet ethylacetate yielded 23 mg. having (air-dry) 

M. P. 76-78°, not depressed on admixture of authentic 
acetyl-Z-proline hydrate. (a)i®° - 1 12*5° (HgO, c = 0*7) (rota- 
tion calc, for anhydrous compound). Martin & Synge [1941] 
record m.p. 78°, (a)|f - 114*0° (HgG, c = 4*2). Analyses were 
on the air-dry hydrate. (Found : C, 47*2; H, 7*26 ; N, 7*7 % ; 
A.E.W. 184. Calc, for CyHijOgN.HgO: G, 48*0; H, *7*43; 

N, 8*0%; A.E.W. 175.) 

1.1.1. Acetyl-Vlyrosine. Treatment with ethanol-iight 
petroleum eliminated much gummy material, after which 
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were slowly deposited 17 mg. crystals (slightly contami- 
nated by gum) having m.p. 148°, not depressed on ad- 
mixture of authentic acetyl-^tyrosine. 41° (HgO, 

0=0*4), Du Vigneaud & Meyer [1932] record m.p. 152-154° 
(corr.), (a)^®“ + 47*5° (HgO, c=2). (Found: C, 57*6; H, 5*53; 
N, 5*9 % ; A.E.W. 252. Calc, for CnHisO^N: C, 59*3; H, 5*83; 
N, 6*3%* A.E.w. 223.) 

2 .1 S .1, Dicarhoxylic amino-acids. A preliminary de- 
termination on a portion of this fraction {R (chromatogram 
band rate) =0*2 (approx.) on both 17% butanol-CHClg and 
30 % propanol- cyclohexane columns [Gordon et al, 1943 a]) 
showed exactly 2 acid equiv./atom N, suggesting- the 
presence of dicarhoxylic acids only. Since attempts at 
crystallization led only to mixed products, the material 
was refractionated on a 17 % butanol-OHClg chromatogram, 
and the front and back portions of the resulting broad band 
were collected separately. Crystallization of the former 
material from ethanol-CHClg yielded 6 mg. having m.p. 
190°, not depressed on admixture of authentic acetyl-l- 
ghitamic acid. Bergmann & Zervas [1928] record m.p. 199° 
(corr.). (Found: C, 44*9; H, 5*71; N, 8*4%; a.e.w. 91. 
Calc, for : C, 44*4; H, 5*82; N, 7*4%; a.e.w. 94*5.) 

The material available did not suffice for optimum ana- 
. lytical accuracy. 

In a second analysis, the corresjionding fraction from the 
hydrotysate of 210 mg. of Prep. A was hydrolysed (6 hr. 
in 6 A HCl at 100°), and evaporated to small volume. The 
dicarhoxylic acids were separated in the usual way. Satu- 
ration with HCi gas at 0° gave slow deposition of glutamic 
acid HCl crystals (16 mg.), having (a)Jj®'^“-fl3° (HgO, 
c=0*3) (rotation cakr. for glutamic acid). Wood [1914] 
records for Z-glutamic acid in water h -1 mol. HCl (a)|®°4- 
27*9°. (Found: N, 7*3%, -A.E.W. 93. Calc. for C5H9O4H. HCI: 
N, 7*6%; A.E.W. 92.) 

The mother liquors from the above, after most of the 
HCi had been removed in vacuo, were treated with copper 
acetate in 2 ml, water. The crystalline Cu salt deposited 
was filtered off and decomposed in the usual way with 
HgS, yielding material (5-2 mg.) which did not readily 
crystallize from water, having N content (7 %) lower than 
the theoretical for aspartic acid. After treatment with 
excess HCl follow^ed by evaporation to dryness, the material 
had (oc)Jf° + 13° (HgO, c = 0*2) (rotation calc, for dry wt. 
before HCi treatment). Wood [1914] records for ^aspartic 
acid in HgO +0*94 mol. HCl (a) 4- 18*4°. A ninhydrin-COg 

determination show-ed the same COg/N ratio as aspartic 
acid (see above). From this identity, the insolubility of the 
Cu salt, the — COOH/N ratio, and the fact that the rate 
and appearance of the dicarhoxylic acid chromatogram 
band from tyrocidine hydrolysates could be closely simu- 
lated by mixtures of acetyiglutamic and acetylaspartic 
acids, \Y 0 conclude that the fraction under consideration 
w-as an impure specimen of aspartic acid, and that tyro- 
cidine hydrolysates contain ^glutamic and Z-aspartic acids, 
the former considerably?' racemized. 

3.2. ^l^'-diacetyl-l-ornithme. Crystallization from ethyl- 
acetate and from ethanol-ether successively yielded 25 mg. 
needles having m.p. 156'', not depressed on admixture 
of authentic diacetvd-Z-ornithine (see below'). (a)^®°4-4° 
(ethanol, c=0*4). (Found: C, 50-6; H, 7*77; N, 12*3%; 
A.E.W. 224.) On 17 butanol-CHClg and 30% propanol- 
cyclohexane chromatograms tlie band-rate R was approx. 
0*1, and the material w'as chromatographically indistin- 
guishable from authentic diacetyl-Z-ornithine on a butanol- 


CHClg column, while readOy separable from diacetyl-(^Z- 
lysine [cf. Gordon et al., 1943 a]. 

Acetylatio7iofl-ormthme 

Z-Ornithine HCI prepared from Z-arginine HCl by the 
action of liver arginase [Hunter, 1939] and having (a)]^®” 
■fl0*8° (HgO, c = 5) was subjected to acetylation and ex- 
traction as described above, and yielded material similar 
in appearance and crystallization properties to the product 
from tyrocidine, having m.p. 156° (constant on recrystalli- 
zation), (a)^^“ + 6*3° (ethanol, c = 0*8). (Found: 0, 49*9; 
H, 7-68; N, 12*7%; a.e.w. 218. C9Hi604]S[2 requires: 
C, 50*0; H, 7-40; N, 13*0%; a.e.w. 216.) 

Qumhtitatwe analyses of tyrocidine 
hydrolysates, etc. 

Three analyses were performed, according to the general 
scheme given above, on 10-20 mg. tyrocidine HCl with 
3g. silica gel in 1 cm. tubes for the butanol-CHClg, and 
2 g. for the other fractionations. Methyl orange was substi- 
tuted for pelargonin in those columns where the develop- 
ment was begun with 1 % butanol-CHClg or 5 % propanol- 
cyclohexane, because of its superior sensitivity. 

Control analyses on a known mixture after heating in 
acid are shown in Table 1. Similar experiments on simple 
mixtures of glutamic acid and acetyltryptophan were 
carried out in the presence and absence of air. In the 
former analysis air w'as readmitted to the 20 ml. tube to 
a pressure of 4 cm. Hg after the tube had been com^iletely 
evacuated. The analytical procedure was simplified by 
omitting the propanol- cyclohexane chromatograms. Table 2 
indicates the slightly higher recoveries found in the absence 
of ah and gives the COg evolution measured as described 
above. Ho COg was evolved by tyrocidine or by the 
control mixture or by 4*05 and 6*1 mg. Z-citrulHne 
(Hofmann La Roche — kindly provided by Prof. H. A. 
Krebs) when heated in acid under the same oxygen-free 
conditions. 1*65 and 2*5 mg. of urea similarly treated 
yielded 0*565 and 0*98 mg. COg respectively. After 4 mg. 
citruUine had been treated as above the resulting material 
was analysed in the same way as the glutamic acid-trypto- 
phan mixtures, yielding at most 8% of a mol. of acids 
having A >0*5 in 17% butanol-CHClg (which w'ould include 
acetylproline), and 22% of a mol. of diacetylornithine* 
These substances were not identified; the figures are based 
on titration of bands having corresponding rates. (For re- 
covery of proline and ornithine from known mixture cf. 
Table 1.) 

Table 3 show^s the results (uncorrected) of our analyses 
of tyrocidine together with the figures obtained by other 
workers. • 

SUMMARY 

1. Technical modifications have extended quan- 
titative, analysis by partition chromatography to a 
farther group of amino -acids. 

2. From an acid hydrolysate of tyrocidine, 
phenylalanine, leucine, proline, valine, tyrosine, 
ornithine and glutamic acid have been isolated by 
partition chi-omatography, and characterized as 
their acetyl derivatives. Additional evidence has 
been obtained for the occurrence of tryptophan and 
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aspartic acid. This a,ppears to be the first isolation 
of ornithine by acid hydrolysis of an intact protein 
or' polypeptide. 

3. The phenylalanine isolated had mainly the 
d- configuration; the other amino -acids were 
mainly 1-. 

4. 88-105 % of the N of tyrocidine has now been 
accounted for, but the variability of the analytical 


3^943 

figures has not permitted stoichiometric calcula- 
tions. The implications of this variability, which 
exceeds the analytical errors, are discussed. 

We are grateful to Dr R. J. Diibos and to Sir H. H. Dale, 
P.R.S., for making a supply of tyrothricin available to us. 

We wish to thank the Director and Council of the Wool 
Industries Research Association and the International 
Wool Secretariat for permission to publish this work. 
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The Structure of the Galactose-phosphate Present in the Liver 
During Galactose Assimilation 

By H. W. KOSTERLITZ, From the Physiology Department, Ma^dschal College, Aberdeen 

{Received 25 February 1943) 


In this paper further support is provided for the 
view [Kosterlitz, 1937; 1938; 19396] that in the 
galactose-phosphate present in the liver during 
galactose assimilation the phosphate group is at- 
tached to carbon atom 1. It has not yet been 
possible to sejDarate this ester from the accom- 
panying glycerophosphate, and from small quan- 
tities of glucose- l-phosphafe and an unidentified 
ester. But the facts that reducing hexosemonophos- 
phates can be removed by alkaline hydrolysis, and 
that Ba glycerophosphate is very resistant to acid 
hydrolysis and has a specific rotation of 0°, have 
made possible the approximate determination of 
the rate of acid hydrolysis of the galactose-phos- 
phate and of its specific rotation. Since the ester is 
non-reducing, resistant to alkaline hydrolysis and 
very labile to acid hydrolysis, it is concluded that 
the first carbon atom is substituted. The velocity 
constant (&) of hydrolysis of the natural ester in 
0-25iV HCl at 25° is 0*91 x lO*"®, while that of syn- 
thetic galactose- 1 -phosphoric acid is 0* 89 x 10“^. 


Natural Ba galactose- 1 -phosphate has [a]54gi+113° 
while the s^^mthetic ester has [oc] 54 qj 4-109*5°. These 
values strongly suggest that the natiual and syn- 
thetic esters are identical. It is of interest to note 
that Wolfrom & Fletcher [1941] and Wolfrom, 
Fletcher So Brown [1942] have succeeded in finally 
proving that the glucose- 1 -phosphate of Cori, Colo- 
wick & Cori [1937] has the structure of phosphoryl 
a-mono-d-giucopyranoside. Since the principle of 
the synthesis of galactose -1 -phosphate is analogous 
to that devised by Cori et al. [1937] for glucose- 1- 
phosphate, the findings of Wolfrom et al. [1942] 
give further support to the view expressed on other 
grounds [Kosterlitz, 1939a] that the synthetic 
galactose -1 -phosphate is phosphoryl a-mono-d- 
galactopyranoside . 

EXFERIMENTAL / , 

The general methods were the same as those de- 
scribed in previous paj^ers [Kosterlitz, 1937; 1939a]. 
The Ba salts of the phosphoric esters were obtained 


STEUCTURB OF GALACTOSE-PHOSPHATE 


319 


I 



! 


j: 

!■ 


Vol 37 


from the livers of 38 rabbits which had been fed 
with galactose. . The method of isolation has been 
described previously [Kosterlitz, 1937]. ISTo nitro- 
genous substances were present in the ester mixture. 
The yield of Ba salts was 1-75 g. from 2-41 kg. liver. 

Analysis of Ba salts of the ester mixture. The substance 
contained 6-87 % total P and 1*88% acid-labile P ( =27*4% 
of the total P). The initial reduction was 9*1% ‘glucose’; 
12 min. hydrolysis in 0-09iY H 2 SO 4 at 100 ° increased the 
reduction by 8-9% ‘glucose’ or 11*7% ‘galactose’. The 
fermentation analysis gave the following results: change 
after fermentation with JSaccharomyces ludwigii {S. hid- 
wigii) = 4-2*8% ‘glucose’; change after fermentation with 
galactose-adapted Saccharomyces cerevisiae (S. cerevisiae) 
Prohberg = - 8*9 % ‘ glucose ’ ; residual reduction : 3*0% 
‘glucose’. The mixed Ba salts, therefore, contained 11*7% 
galactose as ester or 25*7% anhydrous Ba galactose-1- 
phosphate. Since Ba glycerophosphate was found to be 
more easily soluble in aqueous ethanol than Ba galaptose- 
phosphate, a separation of the two compounds was at- 
tempted by fractional precipitation with aqueous ethanol. 
This attempt, however, was not very successful [Kosterlitz, 
1938]. 

Acid and alkaline hydrolysis of the ester mixture. A sample 
of a composition slightly different from that described in 
the i)re ceding paragraph was used for this particular experi- 
ment. 17*96 mg. Ba salt were dissolved in 15 ml. H 2 O 
containing 0*87 ml. N H 2 SO 4 and the precipitated BaS 04 
removed by centrifuging. The initial reduction was 7*76% 
‘glucose’ and the total P 7*02%, The acid-labile P, deter- 
mined by 3 min. hydrolysis in 0*09 A H 2 SO 4 at 100°, was 
1*84%; the alkali-labile P, determined by hydrolysis in 
0*2 A NaOH at 100°, was 1*29% after 20 min. and 1*33% 
after 30 min. hydrolysis. The acid-labile P constituted 


and the precipitate successively extracted with 20 , 20 , 10 , 
10 and 15 ml. HgO. The residue was dissolved in a minimum 
of 0*25 A HCl, the solution brought back to pH 8*4 by 
means of Ba(QH) 2 , and then centrifuged. The supernatant 
fluid was added to the aciueous extracts, followed by 
ethanol to give a concentration of 60 % . The extraction of 
the centrifuged precipitate was repeated twice and the final 
precipitate dried in vacuo over P 2 O 5 . Yield: 293 mg. This 
material together with 23 mg. from a previous experiment 
(containing 3*0 mg. galactose as phosphate) was dissolved 
In 26 ml. HgO, the insoluble material separated and washed 
by centrifuging. To the clear solution (32 ml.) an equal 
quantity of ethanol was added ; after standing at 0 ° for 
2 hr., the Ba salts were centrifuged oJf, washed with 50 
and 80% ethanol and dried in vacuo over GaCb- Yield: 
295 mg. The slightly turbid solution of this product in 
10 ml. HgO was centrifuged, and an equal quantity of 
ethanol was added to the supernatant fluid. After standing 
at 0 ° for 2 hr., the precipitate was centrifuged off and then 
Successively extracted with 15, 10 and 15 ml. 10% ethanol. 
Ethanol was added to the supernatant fluid to give a 
concentration of 50%. After 2 hr. standing at 0°, the 
precipitate was centrifuged off, washed with 80% ethanol 
and dried in vacuo over CaCb . The Ba salts were now com- 
pletely soluble in H 2 O. Yield: 228 mg. containing 16*3% 
= 37*2 mg. galactose as phosphate. The crude material 
contained 62*5 mg. ( 43*0 mg.) galactose. Yield: 57 %. 

Analysis of the Ba salts of the ester mixture fixed from 
reducing plwsphates. AAie substance contained 7*46 % total P 
and 2*77% acid-labile P (=37*2% of total P). 

= -1-34-4 (c = 1*476; 1=2). The initial reduction was negli- 
gible (0*45% ‘glucose’) and 3 min. hydrolysis in 0*0917 
H 2 SO 4 at 100° increased the reduction by 12*4% ‘glucose’ 
or 16*3% ‘galactose’. The fermentation analysis (Table 1) 
showed that most of this increase was due to galactose : 



Table 1. Analysis of saccharide phosphate mixture by fermentation 


Initial reduction 

Change after fermentation with 8. ludwigii 
Change after fermentation with galactose-adapted 
8. cerevisiae Erohberg 
Residual reduction 

*** This increase in reduction was caused by phosphatatic 


Unhydrolysed esters 


Hydrolysed esters 
12*9% ‘glucose’ 

- 1*53% ‘glucose’ 
-• 10 * 2 % ‘glucose’ 

= 13*3 % ‘ galactose ’ 
1*15% ‘glucose’ 


0*38% ‘glucose’ 

4-10*9% ‘glucose’*®* 

- 10*5% ‘glucose’ 

= 13*8 % ‘ galactose ’ 

0*72% ‘glucose’ 
hydrolysis of galactose- 1 -phosphate [Kosterlitz, 1937; 1939a]. 



26*2% and the alkali-labile P 18*7% of the total P so that 
55% of the total P was resistant to hydrolysis. Galactose- 
1 -phosphate and glucose- l-j)hosphate were the main sources 
of the acid-labile P, and reducing hexosephosphates and 
possibly pentosephosphates those of the alkali-labile P. 

Removal of reducing phosphate esters hy hydrolysis in 0*2 H 
NaOE. 534 mg., containing 11*7% galactose (=62*5 mg.) 
as phosphate, were dissolved in 47*4 ml. HgO and 2*58 mi. 
A H 2 SO 4 . The precipitated BaS 04 was removed by centri- 
fuging and washed with 5 ml. HgO. To the total of 55 ml. 
were added 2*58 -f 13*75 ml. N KaOH (Anal concentra- 
tion =0*1 93 iV). The hydrolysis was allowed to proceed at 
100 ° for 30 min., during which time the solution turned 
deeply yellow, due to the action of the- alkali on the re- 
ducing sugars. After cooling and addition of 16*33 ml. 
N HOI, Ba(OH)o was added until the pH was 8*4. The 
precipitated Ba phosphate was centrifuged off and washed. 
To the supernatant fluid, ethanol was added to give a 
concentration of 60%. After 2 hr. standing at 0°, the 
material was centrifuged, the supernatant fluid decanted, 


From these results, the following conclusions j 

may be drawn: ( 1 ) alkaline hydrolysis practically I 

abolished the initial reduction which was caused by i' 

reducing hexosephosphates and possibly pentose- '' 

phosphates; ( 2 ) the greatest part but not all of the | 

reducing substances produced by acid hydrolysis 
consisted of galactose (13*5 %). Besides galactose, 1; 

1*53 % glucose was liberated, and 0*93 % expressed i 

as glucose of a non-fermentable reducing substance. If 

Thus, the mixture of Ba salts edntained as anhy- , 
drous salts : 29* 6 % Ba galactose - 1 -phosphate, 3*4% t 

Ba glucose- 1 -phosphate, and 2*0% unidentified 
acid-labile ester (calculated on basis of hexose- n: 

phosphate). This made a total of 35 % anhydrous " 

Ba salt or 39*8 % Ba salt containing SPIgO. 

These results show uj:) a fact which so far has 
escaped attention, namely, that during galactose ;• 

assimilation, glucose- 1 -phosphate is present in the i’ 


1 
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liver besides galactose - 1 -phosphate. In experiments 
on rats, Kosterlitz & Ritchie [19436] could deriion- 
strate an increase in glucose -1 -phosphate in the 
livers after administration of galactose as well as 
of glucose. Nothing can so far be said about the 
unknown acid-labile ester. 


Hydrolysis in at 100° of the ester 

mixture freed from reducing phosphates 


(Concentration of acid-labile P 

Increase in 
reduction 

=0*525 m.-moiar) 

Time 

mg. ‘glucose’/ 

Increase in P 

min. 

mg. Ba salt 

mg./mg. Ba salt 

2" 

0*125 

0*0272 

3 

0*125 

0*0277 

10 

0*126 

0*0277 

180 

0*130 

0*0318 


The liberation of reducing substances and of P was 
practically complete after 2-3 min. hydrolysis; under the 
conditions of this experiment, galactose- 1 -phosphate is 
completely hydrolysed in 2 min. and glucose-1 -phosphate 
in 5 min. [Kosterlitz & Ritchie, 1943 a]. Between 10 and 
180 min. there was an insignificant increase in reduction, 
while there was still a liberation of inorganic P; this would 
suggest the presence of a non-reducing difficultly hydro- 
ly sable ester {or estersf such as glycerophosphoric acid. 

Isolation of the difficultly hydrolysahle esters by acid hydro- 
lysis of the ester mixture freed from reducing pJwsphates, 
96‘5 mg. Ba salts were dissolved in 29*5 ml. HgO and 
349 ml. N H2SO4 (=free esters in 0-097V H2SO4). This 
solution was hydrolysed at 100° for 10 min. After addition 
of Ba{0H)2 (pH 84), the precipitate was centrifuged off 
and 2 vol. of ethanol added to the supernatant fluid. The 
precipitate was dissolved in the minimum amount of 0-25 A 
HCl, the solution warmed in order to precipitate colloidal 
BaS04, and the BaS04 centrifuged off. Ba(OH)a was added 
to the supernatant fluid (pH 84), the precipitate of inor- 
ganic P centrifuged off, and 2 vol of ethanol added. The 
BaS04 was warmed with 0-25 iV HCl and the HCl extract 
treated as described above. The combined aqueous alco- 
holic mixtures were allowed to stand for 2 hr. at 0°. After 
centrifuging, the precipitate was exhaustively extracted 
with H2O and the centrifuged extracts treated with 2 vol. 
ethanol. After standing at 0° for 2 hr., the precipitate was 
centrifuged and the process of extraction repeated once 
with HgO and a second time with 10% aqueous ethanol. 
The final precipitate was dried in vacuo over GaCla- Yield: 
39 mg. Expected: 60% of 96*5 mg. =58 mg.; yield: 67%. 

A nalysis of the Ba salt of the difficultly hydrolysahle ester. 
Total P = 748 % ; inorganic P = 0 ; acid-labile P = 0. Initial 
reduction =0*58% ‘glucose’; acid-labile reduction ==0*3% 
‘glucosel -^34° (c=0’778;, Z=2). 

Fermentation analysis: initial reduction =0-61 % ‘glu- 
cose ’ ; change after fermentation with S. ludwigii = -f 0-38 % 

‘ glucose ’ ; change after fermentation with galactose-adapted 
S. cerevmae= ~0*57% ‘glucose’; residual reduction = 
042%. 

This ester was practically non-reducing; it was not 
further analysed but was probably composed mainly of 
Ba a-giycerophosphate (■f 3H20=8'6% P) which ispresent 
in liver in considerable quantities [Piske & Subbarow, 1929]. 
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However, the low P value and the slight laevo-rotation 
indicated that other unknown esters were also present. 

Calculation of the specific rotation of 'natural Ba galactose- 
1 -phosphate. The Ba salts of the ester mixture containing 
29'6% anhydrous galactose- 1 -phosphate had [a]546i -{- 344°. 
By deducting -2*0° for the 60% believed to be present of 
the Ba salt of the difficultly hydrolysahle ester, and + 3*0° 
for 34% anhydrous Ba glucose- 1 -phosphate, a value of 
+ 334° was obtained, which corresponded to 29-6% anhy- 
drous Ba galactose- 1 -phosphate. Thus, natural anhydrous 
Ba galactose- 1 -phosphate has approximately [a]546i= + 113°, 
while for the anhydrous Ba salt of the synthetic ester 
[a]546i= + 109*5°. No allowance could be made for the 2% 
unidentified acid-labile ester. 

Hydrolysis of the acid-labile fraction of the ester mixture, 
freed from reducing phosphates in d*25N HCl at 25°.. 
28*19 mg. Ba salt were dissolved in a total of 10 ml. with 
addition of 1 drop sat, 1X2*^ O4 solution and 1*365 ml. of 
0-lY H2SO4, in order to liberate the free acid. After 
centrifuging off the BaS04, 9 ml, 0*5 A" HCl were added to 
9 ml. of the supernatant fluid. The concentration of acid- 
labile P was 1*17 m. -molar. 

Hydrolysis in 0-25 -N.. HCl at 25° 

Increase in 

reduction Inorganic P 

{% of formed 

total {% of total 


Time 

min. 

acid-labile 

reduction) 

k X 103 

acid- 
labile P) 

FxlO® 

180 

29*6 

0-847 

29*8 

0*854 

255 

38*3 

0-764 

38*6 

0*775 

330 

45*8 

0-751 

46*0^ 

0-744 


Average 

0*787 


0*791 


Calculation of the k of hydrolysis of natural galactose-l- 
phosphoric acid by d*25N HCl at 25°. The -acdd-rabile frac- 
tion of the ester mixture contained 84*6% galactose- 1- 
phosphoric acid, 9*7 % glucose- 1 -phosphoric acid, and 5*7 % 
unidentified ester. The k of the acid-labOe fraction was 
0*79 X 10“®. The 1' of glucose- 1 -phosphoric acid (0-2 x 10~®) 
was calculated from the known k values of the glucdse-l- 
phosphoric and galactose- 1 -phosphoric acids at 25°, 37° 
and 50° [Cori et al., 1937; Kosterlitz, 1939 a; Kosterlitz & 
Ritchie, 1943 a]. No allowance could be made for the 5*7 % 
unidentified ester. By deducting 0*02 x 10~® for the 9*7% 
glucose- 1 -phosphate present in the acid-labile fractions a 
value of 0*77 x 10~® was obtained, which corresponded to 
84*6% galactose- 1 -phosphoric acid. Thus, the k of natural 
galactose- 1 -phosphoric acid is approximately 0-91 x 10~3^ 
while the k of the synthetic ester is 0*89 x 10~^. 

SUMMARY ■ 

1. The mixture of phosphoric esters isolated 
from the livers of rabbits assimilating galactose was 
subjected to alkaline hydrolysis in order to remove 
reducing hexosephosphates. 

2. The product obtained in this yway contained 
29*6 % ariliydi’ous Ba galactose -1 -phosphate, 34.% 
anhydrous Ba glucose- 1 -phosphate and 2% Ba salt 
of unidentified acid-labile ester; the remainder con- 
sisted of a difficultly hydrolysahle non-reducing 
ester. The Ba salts of the ester mixture freed from 
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reducing phosphates Imd + 34*4° and the Ba 
salt of the difficultly hydrolysable ester [a]54gi - 3*4°. 
From these values it was calculated that the 
natural anhydrous Ba galactose- 1 -phosphate has 
W546 i+ 113°? while the synthetic product has 

W5461 + 109-5°, ^ 

3. The velocity constant (Jc) of hydrolysis of the 
acid-labile fraction of the ester mixture, freed from 
reducing phosphates, in 0-25 N HCl at 25° was 
0-79 X 10-®. From this value the ^ of the natural 


galactose- 1 -phosphoric acid was calculated to be 
0*91 X 10“^, while the /c of the synthetic product is 

0*89 X 10-3, 

4. These results strongly suggest that the natural 
and synthetic galactose- 1 -phosphoric acid are iden- 
tical. The ester probably is an a-pyranoside as is 
the natural glucose- 1 -phosphoric acid. 

An expenses grant by the Medical Eesearch Council 
tvliich partly defrayed the cost of this investigation is 
gratefully acknowledged. 
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The Apparent Dissociation Constants of Galactose- 1 -Phosphoric Acid 

KOSTERLITZ, From the Physiology Department, Marischal College, Aberdeen 
{Received 25 February 1943) 


Meyerhof & Suranyi [1926], Meyerhof & Lohmann 
[1927], and Cori, Colowick & Cori [1937] found that 
the dissociation constants (pK' values) of hexose- 
diphosphoric, hexose-6-monophosphoric, fructose- 
6-phosphoric, and glucose- 1 -phosphoric acids were 
smaller than those of orthophosphoric acid. In the 
present paper a (?)-galactose-l -phosphoric acid is 
shown to have dissociation constants similar to 
those of the other hexosemonophosphates. The 
knowledge of the acidic properties of galactose- 1- 
phosphoric acid is necessary for the assessment of 
the changes in pH which may be brought about by 
the phosphorylation of galactose. 

EXPERIMENTAL 

The pH values weip measured by means of a Cam- 
bridge pH meter with dip glass electrode (portable 
pattern). A buffer consisting of equal parts of Na 
t acetate and acetic acid (OdN) and having pH 4*62 
was used for standardizing the glass electrode. The 
galactose- 1 -phosphoric acid was prepared by treat- 
ing the Ba salt (from the Kg salt [Kosterlitz, 1939]) 
with the exact quantity of H2SO4. The concentra- 
tion of galactose- 1 -phosphoric acid in the final 
solution,' was determined by estimation of phos- 
phorus. 10 ml. of OdOlSlf (Exp. 1) and 0d038ikf 
(Exp., 2) galactose- l-p,hospliorie acid were titrated 
with CO.-free 0-0999 A' NaOH (temp. = 18-20°). 
For comparison, 10 ml. of 0*1001 M H3PO4 were 


similarly titrated. The results were plotted after 
correction for the deviations from 0*1 molarity 


Orthophosphoric acid 


f Galactose -i-phosphoric 
acid 


6 8 10 12 14 16 18 20 

ml. 0-1 A NaOH 


Fig. 1. 10 ml. 0-1 M orthophosphoric acid ® — ® 10 ml. 
0*1 if galactose- 1 -phosphoric acid: Exp. 1 •- — ; Exp. 2. 

X— -.X. 

(Fig. 1). The dissociation constants were calculated 
from 3 to 4 values each; pK\ by means of 

K' ^ g]+ (R + [H ]+) 

^ a~(R + [H]+) 
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and pK\ by means of Heiiderson-Hasselbalch’s 
equation . n 

5>A-,=pH-log— - 

[Van Slyke, 1922]. In these equations B stands for 
molar concentration of total alkali added and C for 
molar concentration of galactose- 1 -phosphate in the 
titration mixture at any given time. 

The values found for orthophosphoric acid, pK\ 
1*95 and pK\ 6*83, agree well with those recorded 
in the literature [Van Slyke, 1922; Meyerhof & 
Suranyi, 1926; Oovi etal., 1937], Galactose- 1 -phos- 
phoric acid has piC'i 1-00 and pK\ 6*17 while 
hexose- 6 -phosphoric acid (Robison ester) has pK\ 
0*94 andpi ^^2 ^*11, fructose-6-phosphoric acidpiC'i 
0*97 and pJiC'g 6*11 [Meyerhof & Lohmami, 1927] 
and glucose- 1 -phosphoric acid pK\ 1*10 and pK'<^ 
6*13 [Cori et al., 1937]. There is no significant differ- 
ence between the biologically important values 
of galactose- 1 -phosphoric acid and those of the other 
hexosemonophosphates. 


1943 

Since Meyerhof & Lohmann [1927] found that 
the values of fructose -6 -phosphoric and hexose- 

6-phosphoric (Robison) acids were decreased by 
about 0*14 by the addition of 0*1 M neutral salt 
solution, 10 ml. 0-lM Kg galactose - 1 -phosphate 
solution were titrated with N HCl. pK'^ determined 
in this way was 6*06, as compared with 6*17, the 
value obtained by titrating the ester with NaOH. 


SUMIMARY 

a (?)-Galaetose-l -phosphoric acid, like other hexose- 
monophosphates, is a stronger acid than is ortho- 
phosphoric acid, a (?) -Galactose -1 -phosphoric acid 
has pK\ 1*00 and pK ' 2 h*17, while orthophosphoric 
acid has pK\ 1*95 andpif^s 6*83. 

An expenses grant by the Medical Research Council 
which partly defrayed the cost of this investigation is 
gratefully acknowledged. 
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The Fermentation of Galactose and Galactose -1 -phosphate 

By H. W. KOSTERLITZ, Fro^n the Physiology Department ^ Marischal College^ Aberdeen 

(Received 25 February 1948) 


Galactose -1 -phosphate is present in the livers of 
' rabbits and rats during galactose assimilation 
[Kosterlitz, 1937; Kosterlitz & Ritchie, 19436]. No 
information as to the fate of this ester has so far 
been obtained except that it is more resistant to the 
phosphatase of liver than is glucose- 1 -phosphate 
[Cori, Colowick & Cori, 1938; Kosterlitz & Ritchie, 
1941], Since the carbohydrate metabolism of yeast 
cells is strikingly similar to that of mammalian 
tissue, it was decided to examine the fermentation 
of galactose and galactose - 1 -phosphate and compare 
the results with those obtained in the fermentation 
of glucose and glucose -1 -phosphate. 

The ability of some yeasts to ferment galactose is 
due to the formation of ‘galactozymase’ during 
adaptation. This process takes place in aqueous 
solutions of galactose and can oecm without cell 
multiplication [Stephenson & Yudkin, 1936 ; for the 
older literature see that paper, and Harden, 1932]. 
Yeast juice [Harden & Norris, 1910; Grant, 1935], 
dried yeast and maceration extract [Abderhalden, 


1925] prepared from adapted yeast, will ferment 
galactose. In the products of fermentation Nilsson 
[1930] found, besides Harden -Young ester, a mono- 
phosphate with a specific rotation higher than that 
of Robison ester. No data as to the reducing power 
of this ester and the nature of its constituent hexose 
were given. Grant [1935] confirmed the presence 
of 1: 6-fructose diphosphate, and found trehalose- 
monophosphate and Robison ester. Using the 
methylphenylhydrazine test, he could not find any 
evidence for the accumulation of a galactose phos- 
phoric ester. He further could demonstrate that 
galactose- 6 -phosphate was not fermented by galac- 
tose-adapted yeast. 

EXPERIMENTAL 
Materials and methods 

Maceration extracts. These were prepared in the usual 
manner from a pure strain of Saccharomyces cerevisiae 
(8, cerevisiae) Frohberg, which had been propagated in tliis 
laboratory since 1935, when it was generously supplied by 
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Dr H. B. Hutchinson of the Distillers Company, Ltd. It 
has been subeultured in broth containing 0*8% dried 
‘ Difco ’ yeast extract and 3 % galactose. Bor the prepara- 
tion of dried yeast, the yeast was grown in aerated broth 
in lots of l-|-3 1. at 25° for 48 hr. x 

Galactose. In order to remove glucose, a 10% solution 
of commercial galactose was incubated with 2% Saccharo- 
myces ludwigii (S. ludwigii) at 28° for 48 hr.; after centri- 
fuging off the yeast and concentrating the solution under 
reduced pressure, the galactose was crystallized several 
times from 70% ethanol. It had [ajJIgi -i-95-0°. 

Glucose- 1 -phosphate. The prepared according 

to Hanes [1940]. 

Galactose- 1 -phosphate. The Kg-salt was prepared by the 
method given in a previous paper [Kosterlitz, 1939 a]. 
Since the Kg-salts of the esters are alkaline, HGl was added 
to obtain the desired pH. The ciuantities of acid required 
were read from electrometric titration curves [Kosterlitz, 
1943], 

COg production. This was followed in Warburg mano- 
meters shaken in a bath at 25°. The gaseous phase was Ng; 
any O2 present in the commercial nitrogen was absorbed 
by passing through two gas- washing bottles containing a 
solution of 16 g. lSra2S204, 2H2O and 2 g. Na-anthraquinone- 
2-sulphonate in 100 ml. 13% NaOH [Bieser, 1924] and 
through a third bottle containing 13% KaOH. 

Estimation of glucose- 1 -phosphate and galactose-1 -phos- 
phate. The esters were determined in trichloroacetic acid 
filtrates by the method described by Kosterlitz & Ritchie 
[1943 a]. 

RESULTS 

The results of three typical experiments are given 
in Fig. la-c. In all experiments, whether with 
hexoses or esters, typical curves of CO 2 production 
were obtained, showing an induction period, a 
period of rapid fermentation (period of esterifica- 
tion), and finally, a period of slow fermentation 
(period of hexosediphosphate fermentation). Meyer- 
hof & Lohmann [1927] found that only the naturally 
occurring hexosemonophosphates, namely, Neuberg 
and Robison esters, gave such curves, while syn- 
thetic esters which were not intermediaries in 
alcoholic fermentation produced GO 2 at a slow and 
uniform rate. 


while the esters produced 300 pi. COg or 27*5% of 
the theoretical value. This means that while the 
hexoses obeyed the Harden-Young equation the 
esters did not. These results are in good agreement 
with those of Meyerhof & Lohmann [1927] who, 
investigating the action of maceration extract on 
Neuberg and Robison esters, foimd a COg produc- 
tion of 25 % of the calculated value, and with those 
of Harden & Robison [Harden, 1932] who found 
that during fermentation with zymin, only 20-25 % 
of the added Robison ester was fermented at the 
enhanced rate. The lower COg production by the 
monophosphates can be explained by the facts that, 
compared with the hexoses, they can accept only 
one-half the quantity of phosphate and that, ac- 
cording to Warburg & Christian [1039], the partial 
dephosphorylation of l:3-diphosphoglyceric acid to 
3-phosphoglyceric acid by the hexokinase -adenosine 
diphosphate -hexose system is a limiting factor in 
alcoholic fermentation by maceration extract. 

Addition of catalytic quantities of acetaldehyde 
and hexosediphosphate (Fig. 16) almost abolished 
the induction period in the fermentation of the free 
hexoses, with a simultaneous increase of the maxi- 
mum rates of CO2 production. In the case of glucose 
the maximum rate rose from 80 to 160pl./5 min,, 
and in the case of galactose from 62 to 75 pl./5 min. 
Although the addition of acetaldehyde caused a 
marked difference between the fermentation rates 
of free glucose and free galactose, it scarcely in- 
fluenced the fermentation of either of the 1 -esters. 

When acetaldehyde alone was added to the fer- 
mentation mixture, the difference between the 
fermentations of glucose and galactose became 
rather more marked than in the experiment with 
addition of acetaldehyde and hexosediphosphate. 
There was a slight difference between the rates of 
CO 2 production in the case of the l-esters in favour 
of glucose- 1 -phosphate (Fig. I c). 

If the yeast was dried slowly in the manner sug- 
gested by Lipmann [1938], the maceration extract 
obtained from it was four times as active as were 


In the first experiment (Fig. 1 a), notwithstanding 
the addition of a small quantity of hexosediphos- 
pliate to the fermentation mixture, the COg curves 
of the free hexoses showed a fairly long induction 
period and an autocatalytic shape. The maximum 
rates of CO 2 production were 80 gl./5 min. with glu- 
cose, and 62 pi.; 6 min. with galactose. On the other 
hand, tlie curves obtained with -glucose- 1 -phosphate 
and galactose- 1 -phosphate were practically identi- 
cal. Their maximum rates were 45—50pL CO2/5 min. 
It is to be noted that, since in these experiments 
inorganic P was jiresent in excess, the shape of the 
CO2 curves was wholly conditioned by the substrate. 
Thus, during the I’apid period of fermentation. 


extracts from yeasts dried in the ordinary way. In 
the presence of acetaldehyde, the maximum rates 
of COg eyoiution/5 min. were as follows: glucose 
690 pL, galactose 270ftl., glucose- 1 -phosphate and 
galactose- 1 -phosphate 200 gl. With glucose -1 -phos- 
phate the maximum fermentation rate was attained 
sooner than with galactose- 1 -phosphate, otherwise 
there was no difference between the fermentations 
of the two esters. 

The experiments described so far indicate that 
galactose -1 -phosphate plays the same role in galac- 
tose fermentation as do glucose- 1 -phosphate and 
glucose -6 -phosphate in glucose fermentation. Grant 
[1935] found that Robison ester and l:6-fructose 
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Fig. 1. Maceration extract from Baccharomyces cerevisiae Frohberg grown on galactose broth. 1 part dried yeast and 
4 parts water were incubated at 35° for 2 hr. The extract was obtained by centrifuging at 4000 r.p.m. 1 ml. con- 
tained 2'55 mg. inorganic P; pH 5*8. 

Main chamber: 1 mi. extract, 

Side-bnib: (a) 0*05 ml. Eg-hexosediphosphate (0*115 mg. P), and either 0-25 ml. hexose solution (=4*37 mg. 
hexose = 1090^1. OO 2 ) in 0*097 M phosphate buffer of pH 6*5, or 0*25 ml. ester solution ( =4*37 mg. hexose) in 0*02673^ 

■ •■,:HGi(pHe*5). 

(5) 0*05 ml, containing Mg-hexosediphosphate (0*07 mg. P) and 1 mg, acetaldehyde, and either 0*2 ml. hexose 
solution (=4*5 mg. hexose = 1120 pi. OOg) in 0*12 Jf phosphate buffer of pH 6*5, or 0*2 ml. ester solution (=4*5 mg. 
hexose) in 0*0338 iV" HCl (pH 6*5). 

(c) as in (6), but hexosediphosphate was omitted. 

• Autofermentation,* • — • glucose; o — o galactose; x — -x glucose- 1 -phosphate; a — a galactose- 1 -phosphate. 
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f galactose -6 -phosphate is not an intermediary in 

I galactose fermentation. The question, therefore, 

I arises of how galactose- 1 -phosphate is converted 

i to Robison ester: Is galactose- 1 -phosphate trans- 

formed to glucose- 1 -phosphate, which in turn is 
acted upon by phosphoglucomutase and isomerase 
to form Robison ester? Preliminary experiments 
I with dialysed maceration extracts were not con- 

clusive on account of the presence of phosphogluco- 
mutase in such extracts. To give an example : 
0*75 ml. extract, dialysed for 2 hr. + 0*5 ml, 0*08 ilf 
1 veronal acetate buffer of pH 6 -f 0-25 ml. 0*06ikf 

I . glucose- 1 -phosphate or galactose -1 -phosphate ad- 
justed to pH 6 were incubated at 25° for 30 min. 
In the case of glucose -1 -phosphate 83 % of the ester 
was converted to difficultly hydrolysabie ester 
(Robison), 14 % was accounted for by inorganic P, 
while 3 % remained unaltered. In the case of 
galactose- 1 -phosphate only 27% was converted to 
difficultly hydrolysabie ester, 11 % was accounted 
for by inorganic P, while 62 % remained unaltered. 
The structure of the difficultly hydrolysabie ester 
formed from galactose -1 -phosphate has not yet 
been identified but it is likely to be Robison ester, 
since galactose -6 -phosphate can be ruled out. Ho 
glucose- 1 -phosphate was present in the reaction 
I mixture of the experiment with galactose-1 -phos- 

phate, a finding which had to be expected in view 
I of the presence of highly active phosphoglucomu- 

tase. Unfortmiately, phosphoglucomutase cannot 
be inhibited specifically. Attempts to I'educe the 
activity of phosphoglucomutase by prolonged dia- 
lysis were accompanied by great losses in the 
activity of the galactose- 1 -phosphate -converting 
enzyme; the activity could not be restored by 
! Mg'^+ ions which, in extracts dialysed for 2 hr., 

accelerated the disappearance of galactose- 1 -phos- 
phate. Fractionation with (HH 4 ) 2 S 04 has so far 
been unsuccessful; both the galactose-1 -phosphate - 
converting enzyme and phosphoglucomutase were 
absent from the proteins precipitated by either 50 
or 70 saturation. 

■ notwithstanding the great differences between 

I the fermentation rates of the non-phosphorylated 

t hexoses, the fermentation curves of the 1 -esters are 

so similar to each other as to suggest the existence 
f of an enzymatic equilibrimn between the esters. 

However, in order to obtain further information on 
the mechanism which causes the conversion of 
galactose- 1 -phosphate to Robison ester, the at- 
tempts to isolate the enzyme, or at least to separate 
‘ it from phosphoglucomutase, will have to be taken 
up again on a scale larger than is possible at present. 


From the facts described in this paper, a tentative 
hypothesis of galactose fermentation may be formu- 
lated as follows: During the adaptation of S. cere- 
visiae Frohberg to ferment galactose at least two 
new enzymes are formed. Enzyme (1) phosphoryl- 
ates galactose at Cj , probably by a system similar 
to the hexokinase-adenyipyrophosphate systems 
which phosphorylate glucose and fructose at Cq and 
not at Cj [Colowick & Kalckar, 1941]. Enzyme (2) 
converts galactose -1 -phosphate to Robison §ster, 
probably by way of glucose -1 -phosphate, which in ' 

turn is acted upon by phosphoglucomutase or ii 

isomerase. The fermentation rate of galactose is 
lower than that of glucose ; the rates of reaction 
(1) or (2) or of both constitute the limiting factors. 

During the process of adaptation, yeast may be ; 

fully adapted to ferment galactose -1 -phosphate 
and, at the same time, be incompletely adapted to 
ferment non-phosphorylated galactose ; when this is 
the case, galactose will be fermented more slowly ' 

than the 1 -phosphate. This phenomenon, which was 
observed in two out of five samples of dried yeast 
[Kosterlitz, 19396; 1942], sui>ports the view that i 

two new enzymes are formed dming adaptation. 
Hon-adapted yeast ferments neither galactose nor 
galactose - 1 -phosphate. ( ! 

SUMMARY * I 

1. With* maceration extract, both glucose-1- 

phosphate and galactose- 1 -phosphate showed the i 

characteristics of natural hexosemonophosphates, 
namely, the three periods of induction, rapid fer- : 

mentation, and slow fermentation. Wliile the non- 
phosphorylated hexoses produced about 50 % of 

the calculated quantity of COg during the period 

of rapid fermentation, the esters produced only 

25-30 % during the same period. The fermentation 

rates of the esters were so similar as to suggest an i 

enzymatic equilibrium between them. So far it has 

not been possible to supply direct experimental 

proof for this suggestion. i i 

2. A tentative hypothesis of galactose fermen- 
tation is formulated: it is assumed that during the : 

adaptation of Saccharomyces c&revisiae Frohberg to % 

ferment galactose, two new enzymes are formed, ;« 

one which phosphorylates galactose at and ; ; 

another which converts galactose -1 -phosphate to j 

Robison ester, probably by way of glucose- 1- ]A 

phosphate. i? 

An. expenses grant by the Medical Research Council 
which partly defrayed the cost of this investigation is 
gratefully acknowledged. i; 
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The Oxidation of Ascorbic Acid by o-Dinitrobenzene, 
and the Detection of Dehydroascorbic Acid 

By W. R. FEARON and E. KAWERAU, From the Department of Bioehemistry, 

Tf'inity College^ Dublin 

{Received 22 February 1943) 




During a. survey of the natural sources of ascorbic 
acid, three reactions have been observed that may 
be of analytical value: (1) the rapid reduction of 
o-dinitrobenzene by ascorbic acid to a substance 
giving a violet pigment in alkaline solution, (2) the 
formation of a green pigment when dehydroascorbic 
acid is boiled alone in aqueous solution at pH 3-5- 
4*5, and (3) the spontaneous formation of a red 
pigment when dehydroascorbic acid is kept in 
alkaline solutions out of contact with air. 

(1) Reaction of ascorbic acid with o-dinitrobenzene 

(a) Experimental. When 2-5 ml. of a dilute 
(0*G2 %) aqueous solution of ascorbic acid are 
treated in the cold with 5 drops of a saturated 
aqueous solution of o-dinitrobenzene, and then 
made alkaline by addition of 5 drops 20 % NaOH, 
a violet colour rapidly develops, and is stable for 
several hours. Under these conditions the colour is 
not given by dehydroascorbic acid, cysteine, gluta- 
thione, uric acid or creatinine. Fructose gives a 
slow positive reaction in the cold, but only after 
I0-15 min., when the solution contains at least 
0*2 % of this sugar. The other reducing sugars may 
reqxzire 2 hr, or longer. Proteins, simple alcohols, 
aldehydes, ketones, and the commoner hydroxy?--, 
keto-, and amino -acids do not give the test. The 
test loses its selectivity if the reaction mixture is 
heated, and a positive result is then given by all the 
reducing sugars and by uric acid. Thus, by con- 
trolling temperature and concentration of alkali, it 
becomes possible to detect ascorbic acid in presence 


of other compounds of biological importance. On 
acidification, the violet pigment changes to yellow, 
and can be extracted by chloroform or by peroxide- 
free ether. Addition of alkali removes the pigment 
from the organic solvent, and regenerates the violet 
colour. By this means, small amounts of ascorbic 
acid can be detected in solutions the colour of which 
obscures the test. 

(6) History of the reagent. Lipschitz [1920] reported that 
living tissues, such as muscle and yeast, contain a catalytic 
system capable of reducing ‘ m-dinitrobenzene ’ to a yellow 
pigment, at pB. 7*4, under anaerobic conditions. Addition 
of alkali converted the yellow into violet. The test was 
developed colorimetrically, and it was later found to depend 
on the presence of o-dinitrobenzene as a contaminant in 
the m-isomer [Lipschitz & Osterroth, 1924]. Apparently 
unaware of this, Ekkert [1934] claimed that reducing sugars 
gave a violet colour when heated in alkaline solution with 
w-dinitrobenzene, but v. Szecseny-Nagy [1935] showed 
that this reaction was due also to contamination by the 
o-isomer, and that pure w- dinitrobenzene gave no colour. 
This was confirmed by Trahaut [1937]. 

(c) Mechanism of the test. From an inspection of 
the formulae of the reactants, the test seems to 
depend on the presence of the enediol system, 
— C(OH)=C(OH) — , which occurs in ascorbic acid, 
though, of course, the reagent is not specific for this 
system, since powerful inorganic reducing agents 
such as hydrosulphite give a suniiar resiDonse, 

Aldoses and ketoses react only when conditions 
bring about enoiization. Kept in alkaline solution 
at room temperature for some hours they give an 
immediate violet on addition of the reagent, which 
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thus may be used to demonstrate the relative rate In terms of current formulation, the primary reaction is: 

of transformation. Polyhydroxy compounds in- 


capable of enoiization, such as glycerol, mannitol, 
sorbitol, mucic and tartaric acids, do not react. 
Pyro^allol, when dissolved in oxygen -free water, 
and protected from atmospheric oxidation by a 
layer of toluene, gives an immediate reaction, as also 
does l:3-dihydroxyacetone, and glucoreductone. 

Tlie pigment formed by the reduction of o-dinitro- 
benzene has been investigated by Bamberger <fc 
Hiibner [1903], and by Meisenheimer [1903], Using 
hydroxyiamine as the reducing agent, the end- 
product was identified as o-nitro-nitrosobenzene, 
and isolated as the Na salt. Working under less 
drastic conditions, Patzig & Patzig [1906] were 
able to recover o -dinitrobenzene from the pigment 
after acidification and atmospheric oxidation. 

The reaction with ascorbic acid has been found 
to proceed on similar lines. When equimolecular 
proportions of ascorbic acid and o -dinitrobenzene 
interact in W/10 jSTaOH, the primary product 
is the violet -coloured ion of the o-nitroxylic 
acid, which on acidification is converted into 
the yellow form of the free acid, soluble in 
ether. 

After recrystallization from ethanol, the acid 
separates out in wisps of very fine yellow needles 
which turn violet on exposure to KHg. Melting- 
point determinations were unsatisfactory, as the 
acid readily dehydrates to o-nitro-nitrosobenzene, 
which is recognizable by the fact that it gives no 
violet colour on addition of alkalis. 

The low solubility of a -dinitrobenzene in water 
(about 0*03 % at room temperature) restricts the 
yield of the pigment, while if the ascorbic acid be 
in excess at the start of the reaction the reduction 
proceeds beyond the nitroxylic stage. 

{d) Preparation of the pigment, 100 mg. ascorbic acid 
(Roche or B.D.H.) were dissolved in 50 ml. Cu-free dis- 
tilled water in which w*ere suspended 100 ml. finely 
powdered o-dinitrobenzene. 1 ml. 20% NaOH was added 
drop by drop, the mixture being shaken continuously, 

A deep violet colour appeared immediately, and became 
more intense as the dinitrobenzene slowly dissolved. After 
12-24 hr. at room temperature, all the ascorbic acid had 
been oxidized, as was shown by withdrawing samples, 
discharging the violet colour by acetic acid, and then 
titrating with standard 2:6-dichlorophenolindophenol. The 
mixture was then filtered free from undissolved dinitro- 
benzene, and treated with GO2 until the colour became 
orange-yellow. It was then concentrated in vacuo^ acidity 
being maintained by passing in CO2 Whenever the violet 
colour reappeared. At the end of 2-3 days, yellow crystals 
of o-nitro-nitrosobenzene (m.p. 87--90°) began to separate 
out in small clusters on the surface. The yields were only 
about 10% of the theoretical, the bulk of the original 
dinitrobenzene having undergone further reduction to a 
mixture of at least three different products, which separa- 
rated out in a yellow crystalline crop when the solution was 
concentrated to a syrup. 

Biochem, 1943, 37 



Nitroxylic ion Nitroxylic acid 

Violet Yellow 


(2) Pigment formation from dehydroascorhic 
acid alone 

(a) At pH i, 5 ml. of a dilute (0*005-0*5%) 
aqueous solution of deliydroascorbic acid, adjusted 
to pH 3 *5-4* 5 by means of an acetate -acetic acid 
buffer, and gently boiled for a couple of minutes, 
develops a stable grass -green colour. The colour is 
not given by the reduced form of ascorbic acid, 
miless boiling is prolonged sufficiently to allow of 
atmospheric oxidation. Other reducing agents, such 
as cysteine, glutathione, the monosaccharides, uric 
acid and creatinine, do not give the test. Colour 
formation is not dependent on the presence of 
acetate ions, but can be observed in mixtures suit- 
ably buffered by phosphate or (NH4)2S04 and 
H2SO4. The green colour is stable for several hours, 
but may turn brown if the solution is too concen- 
trated, the acidity insufficient, or the boiling greatly 
prolonged. The solution may be diluted with water 
for colorimetric comparison. Multivalent ions, espe- 
cially A1+ + +, Ca++ Zn+ +, and Pb++, intensify the 
coloixr and change it to yellow, but accelerate the 
subsequent bleaching by atmospheric oxidation. 

The reaction can be demonstrated by buffering 3 ml. of 
a 0*1% aqueous solution of ascorbic acid by addition of 
about 1 g. of solid Na acetate and 1 ml. of glacial acetic 
acid. The mixture is then carefully oxidized by addition 
of 1% iodine drop by drop, any excess of iodine being 
bleached by addition of a particle of thiourea or a drop of 
ascorbic acid solution, as it tends to destroy the pigment. 
After boiling the mixture for 1 min., the green colour 
appears and reaches a maximum within 5 min. The pig- 
ment can be extracted directly by amyl alcohol, or by 
ethanol or acetone after saturation of the mixture with 
(NH4)8S04. Addition of alkaH converts the green into a 
red pigment rapidly bleached by exposure to air. forma- 
tion of the green pigment can also be observed when 
dehydroascorbic acid is kept in contact with concentrated 
HCl at room temperature, or warmed gently, but the test 
is best obtained by boiling at pH 4. 
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HjC C(OH).CO.COOH 
'^OH 


HC C.CHO+CO, 
> 0 < 


At joH 4 


At pH > 9 
+ 0 ? 

, in absence of air 


Green 'pigment 


■Red pigment 


red pigment closely resembles the green pigment 
obtained from dehydroascorbic acid at pH 4, it is 
not identical, since it is bleached by acidification, 
whereas acidification of the red pigment changes it 
into a green indistinguishable from the pH 4 pig- 
ment. The red pigment in neutral solution yields a 
series of lakes, especially with A1 and Zn, and also 
can be separated by adsorption on MgCOa sus- 
pensions. 

(3) Mechanism of the tests 

Pending actual isolation of the pigments, which 
has not yet been accomplished, the following sug- 
gestions are advanced. Since freshly prepared de- 
hydroascorbic acid is colourless, it presumably does 
not contain the chromogenic 2: 3 -diketone system, 
but exists as the enol form. 


The fact that ascorbic acid is quantitatively con- 
verted into furfural by boiling with HCl is well 
known [Cox, Hirst & Keynolds, 1932; Roe, 1934], 
while the develoi^ment of a yellow colour in alkaline 
solutions of the vitamin has been noted [Herbert, 
Hirst, Percival, Reynolds & Smith, 1933], but 
neither the acid green pigment nor the red alkali 
pigment appears to have attracted attention, al- 
though the latter may be concerned in the reaction 
described by Kruger [1906], in which milk made 
strongly alkaline and kept at room temperature for 
several days often develops a red colour, 

.SUMMARY.",:, 

1. A eolom reaction between' ascorbic acid and 
0 -dinitrobenzene is described. 


The reaction is not obviously affected by protems, amino- 
acids, sugars, or the urinary solutes; and as none of the 
common biological compounds examined gives a similar 
response, the test can be used to show the presence of 
dehydroascorbic acid in natural sources, such as the white 
inner rind of citrus fruits. It can be applied to coloured 
solutions after acidification by acetic acid and agitation 
with ‘norite’ charcoal, which also oxidizes any ascorbic 
acid present. Although the intensity of the green pigment 
is not great, small amounts may be detected by extraction 
into an amyl alcohol layer. 

(&) At pH >.9. When 5 ml. of a OT % aqueous 
solution of dehydroascorbic acid, preferably in 
freshly boiled water, are made strongly alkaline by 
addition of about 1 ml. 20 % KaOH, and protected 
from atmospheric oxidation by a layer of toluene, 
a bright yellow-green colour develops within 30 min. 
at room temperature, and in the course of some 
hours slowly changes into a deep carmine red. The 
red pigment is rapidly bleached by exposure to air 
during the stage of its’ formation, but is stable for 
upwards of a week if protected from oxidation, 
unless the mixture be too strongly alkaline, when it 
changes to brown and tends to precipitate. The 
colour reaction is not given by reduced ascorbic 
acid, reducing sugars, simple ketones or other 
enolizable compounds. Colour formation may be 
hastened by gentle warming, but the pigment is 
then less stable. While the green precursor of the 


=C=C(OH)— 'CO — i?. Hence, it was first assumed 
that the pH 4 green pigment was merely the true 
diketone form of the oxidized vitamin. This is dis- 
proved by the fact that the pigment does not yield 
an osazone with phenylhydrazine, and cannot be 
reconverted into recoverable ascorbic acid by .re- 
duction, During the process of boiling, CO 2 is 
evolved, which suggests that the — CO — CO OH end 
of the chain is being decarboxylated, as would 
happen if a furfural derivative were being formed. 
That a furfural is obtained by the action of acids 
on dehydroascorbic acid can be demonstrated by 
warming some of the solution with an equal volume 
of concentrated HCl and a few mg. of pyrogallol, 
when a deep purple colour develops. Reduced 
ascorbic acid gives this reaction only on prolonged 
heating and aeration. The pH 4 green pigment does 
not give the pyrogallol reaction, nor can furfural 
be obtained by distillation of the mixture, which 
indicates that furfural formation precedes the 
formation of the green pigment, and enters into 
its constriiction. 

Furfural can also be detected in the alkaline 
colour reaction by addition of acetone, which com- 
bines with it to form difurfurylacetone, stable to 
atmospheric oxidation and yielding a bright carmine 
on acidification. This can be demonstrated only in 
the early stages of the test. 
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2. Solutions of dehydroascorbic acid spontane- 
ously form pigments under certain conditions. 

3. Tile specificity of ■ these colour reactions is 
described, and their mechanism discussed. 


We are indebted to Messrs Roche Products Ltd., for the 
gift of ascorbic acid, and to the Medical Research Council 
of Eire for the grant to one of us (E. K.) to enable this 
work to be done. 
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Studies in Detoxication 

13. THE BIOSYNTHESIS OF AMINOPHENYL- AND SULPHONAMIDOAMINOPHENYL- 
GLUCURONIDES IN THE RABBIT AND THEIR ACTION 
ON HAEMOGLOBIN IN VITRO 

By R. T. WILLIAMS, From the Department of Biochemistry, University of Liverpool 

{Received 12 February 19 iB) 

Sieberg [1914] fed ‘cupferron’ (ammonium salt of • -r 

nitroso-^-phenylhydroxylamine) to dogs and iso- Aminophenylglucuronides 

iated from their urine a crystalline compound, m.p. Aminophenylglucuronides are produced in the 
179-180°, which he claimed to be the /actom form (I) animal body in response to the administration of 
ofp-aminophenylgiucuronide. He isolated the same the aminophenols themselves, or of certain aromatic 
compound from urine after the administration of amino compounds which are oxidized or converted 
^-phenylhydroxylamine. Wlien this substance was in some way to aminophenols. When aromatic 
neutralized with Na 2 C 03 and the solution kept for amino compounds are oxidized in vivo to amino- 
a day, it was able to convert a solution of haemo- phenols, o- or p-phenols only are produced and 
globin to methaemogiobin. It should be noted that in no case studied has m-aminophenol been 
the ^-glycosidic link present in this compound is detected. 

stable to dilute NagCOg , so that in this case forma- o-Aminophenol is produced when dimethylaniline 
tion of methaemogiobin could not be ascribed to or its oxide [Horn, 1936] or acetanilide [Jaffa & 
hydrolysis of the glucuronide to p-aminoplienol, Hilbert, 1888] is fed to dogs, or when sal varsan is 
which is a methaemoglobin-former in vitro and in injected into humans [Sieberg, 1916], It is excreted 
vivo [Bernheim, Bernheim & Michel, 1937]. From in conjugation both with sulphuric and glucuronic 
this it would appear that the ‘ detoxicated ’ form of acids, and in the rabbit some 26-29 % (dose, 
p-aminophenol could still exert a toxic effect on 0*25 g./kg.) is excreted as an ethereal sulphate 
blood. Therefore, it was important to confirm [Williams, 1938]. In the present work o -amino - 
this observation of Sieberg and to extend it to phenylglucuronide has been isolated from the urine 
the study of the properties of the aminophenyl- of rabbits fed with o-aminophenol. The yield of the 
and sulphonamidoaminophenylglucuronides, none crystalline glucuronide was equivalent to 25-5 % of 
of which has been prepared or described the phenol fed and since no free aminophenol was 
hitherto. excreted, the remainder, if excreted, must be in 

21-2 


[ 




R. T. WILLIAMS 


other conjugated forms. o-Aminophenyl’-^-d-glucu- 
ronide {[a]j^“ 76*1° in N/10 HCl) is a white crystal- 
line solid which does not melt, is insoluble in cold 
water and ordinary organic solvents, but soluble 
in acid, alkali and boiling water. Its properties 
indicate that it is, probably .best formulated as an 
' internal salt (II) : 


H H OHH., H 

o=c—i—i—c—(>—c—o- 

! I I I M 

OH H OH 




■m-'Aminophenylglucuronide ([a] 2 )= —94° in HCl) 
was prepared similarly. About22 % ofthem-amino- 
phenol fed was isolated as the glucuronide. Williams 
[1938] had previously shown that 31-36% (dose, 
0*25 g./kg*) is excreted by the rabbit as an ethereal 
sulphate. The glucuronide is very similar m pro- 
perties to the o -compound and is likewise probably 
an internal salt (cf. II). 

The fate of p-aminophenol in the body has re- 
ceived more attention than that of its isomerides, 
because it is formed in vivo from aniline, acetanilide 
and a number of related compounds, and its forma- 
tion is claimed to be responsible for the cyanosis, 
etc., produced by di'iigs containing these com- 
pounds. It has been suggested that the antipyretic 
action of such substances as acetanilide and 
^-ethoxy-acetanilide (phenacetin) may be due to 
slow formation in vivo of p-aminophenol [see 
Bernheim aL 1937]. p-Aminophenol is excreted 
as an ethereal sulphate in the dog [Baumann & 
Herter, 1877-8] and in man [Morner, 1889]. 
Williams [1938] showed the 19-20% of i?-amino- 
phendl (dose, 0*25 g./kg.) was excreted by the rabbit 
as an ethereal sulphate. On feeding j?-aminophenol 
to rabbits the glucuronide isolated was hydrated 
p-aminophe'hyl-^-d-glucuromde {C 12 H 15 NO 7 , HgO) 
and not Sieberg’s compound (I). Like Sieberg’s 
compound, however, _p-aminophenylglucuronide 
neutralized with ISragCO^ converts haemoglobin to 
methaemoglobin m w^ro. 

'P-Aminophenylgiucuronide was similar in many 
properties to its 0 - and w-isomers, but differed in 
that it showed a definite melting-point and con- 


tained water of crystallization. The amount of the 
glucuronide isolated was about 8 % of the phenol 
fed, and unlike the 0 - and m-compounds, free 
p-aminophenol was present in the urine. 

Sulphonamidoaminophenylglucuronides 

It was suggested [Thorpe, Williams & Shelswell, 
1941] that 3-hydroxy-4-aminobenzenesulphonamide 
might be an oxidation product of sulphanilamide 
in vivo. Shelswell & Williams [1940] showed that 
sulphanilamide increased the ethereal sulphate out- 
put of rabbits, thus indicating the probable forma- 
tion of a phenol from sulphanilamide in the animal 
[cf. also Sammons, Shelswell & Williams, 1941; 
Williams, 1941]. Such an aminophenolsuiphon- 
amide could be excreted as a conjugated glucuronide 
(cf. sulphapyridine which increases the glucuronic 
acid output in rats [Scudi & Hobinson, 1941]). 
Aminophenolsulphonamides were therefore fed and 
an attempt was made to isolate the resulting sul- 
phonamidoaminophenylgiucuronides. 4-Hydroxy- 
3 -amino - , 6 -hydinxy - 3 -amino - [Williams, 1942] and 
3 -hydroxy- 4 -aminobenzenesulphonamide [Thorpe & 
Williams, 1941] were fed and crystalline glucu- 
ronides were isolated in the first two cases, but in 
the third, although a glucmonide was formed it was 
not obtained orystaliine but as an amorphous Ba 
salt which has not yet been purified. The crystalline 
compounds were 4:-suJp'honamidO’-2-aminophmylglu~ 
curonide (III), m.p. 150° and [a]jQ-67*7°, and 2^sul- 
phonamido - 4:-aminophenylglucuronide ( IV ) which 
does not melt and shows [a]j5-76*9°. Their pro- 
perties were very similar to those of the amino - 
phenylglucuronides and when neutralized with 
NagCOg they converted haemoglobin to methaemo- 
globin in vitro: 

COOH NHo 


)SOoNHo 


H OH 


SO2NH2 


fi OH 


The action of the above glucuronides on 
haemoglobin in yitTO 

It was foimd that the o- and p-aminophenylglu- 
curonides when neutralized with NagCOg converted 
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a solution of oxyhaemoglobin’^ to methaemoglobin, 
the change being observed spectroscopically. The 
tests were carried out for a period up to 6 hr., but 
as a rule the methaemoglobin-formers produced 
their effect in 2-3 hr. No change in the spectrum of 
the control solution occurred in this time. Fairley 
[1940] found that a concentrated solution of human 
haemoglobin incubated at 37° began to form 
methaemoglobin spontaneously within 20 hr., but 
the present experiments were not long enough for 
this. The results of the present experiments are 
shown in Tables 1 and 2. 

The o-compound appeared to be several times 
more effective than the para-. A slight formation 
of methaemoglobin was also observed in the case of 
the m-compound, although w-aminophenol itself 
was quite ineffective in this respect- The neutralized 
solutions of the glucuronides were quite stable since 
no free aminophenols were obtained from them on 
continuous extraction with ether, although if pre- 
sent they would readily have been extracted. If red 
corpuscles contained ^S-glucuronidase, hydrolysis of 
these glucuronides might have occurred. Whilst 
extracts of ox and dog kidney, liver and spleen 
hydrolysed conjugated glucuronides, the latter were 
unaffected when incubated with ox or dog blood 
[Sera, 1915]. Oshima [1934] and Fishman [1940] 
make no reference to the occurrence of /S -glucuroni- 
dase in blood. It is unlikely, therefore, that the 
aminophenylglucuronides would undergo sponta- 
neous or enzymic hydrolysis under the conditions 
of the present experiments. It is, however, signi- 
ficant that the most effective methaemoglobin- 
formers are the o- and jo -compounds, i.e. derivatives 
of 0 - and p -aminophenols which themselves can 
form iminoquinones. The formation of iminoqui- 
nones does mot appear possible with the amino- 
phenylglucuronides . 

The sulphonamidoaminophenylglucuronides (III 
and IV) were also methaemoglobin-formers, as were 
also the corresponding aminophenolsulphonamides 
and particularly the aminophenolsulphonic acids. 
The 0 -, m- and p-aminobenzenesulphonamides were 
ineffective in vitro, although it is well known that 
sulphanilamide forms methaemoglobin in vivo, 
probably due to its convei'sion to an aminophenol- 
sulphonamide. 

The present findings, therefore, confiim and 
extend Sieberg’s original observation. 0 - and p- 
aminophenylglucuronides and the sulphonamido-o- 
and -p -aminophenylglucuronides convert haemo- 
globin to methaemoglobin m vitro. Discussion of 

* Lysed human red cells or solutions of Hb washed free 
from plasma were used in these experiments in order to 
avoid a possible complication due to methaemalbumin 
(pseudo-methaemoglbbin) formation which may occur when 
whole human blood is used [see Fairley, 1938; 1940; 
1941]. 


the significance of these results, and' their transla- 
tion to in vivo conditions, however, must await 
further investigation, 

EXPERIMENTAL 

Isolation of the aminophenylglucuronides 

o-Amiriophenylglmuronide. Six rabbits (2*5 kg.) were each 
given 1 g. of o-aminophenol with water by stomach tube. 
In about 1 hr. the excreted urine showed the presence of 
conjugated aminophenol and increased amounts of glucu- 
ronic acid. In 3-5 hr. 300 ml. of urine collected which 
gave an intense naphthoresorcinol reaction, a red colour 
with nitrous acid and dimethyl- a- naphthylamine (diazo 
reaction), but did not reduce ammoniacal AgNOg. The 
urine was acidified with a few drops of glacial acetic acid 
and treated with saturated normal lead acetate until no 
further precipitate was formed. The filtrate was neutralized 
with NHg and treated with excess saturated basic lead 
acetate solution. The precipitate was centrifuged, washed 
twice on the centrifuge with water, and the lead salt 
suspended in water and decomposed with H^S. The filtrate 
from the PbS was concentrated in vacuo at 45-50°, when 
the o-aniinophenylgluoiironide began to separate as a white 
crystalline solid, and finally taken to dryness. The white 
residue was shaken with ethanol and the whole filtered. 
The glucuronide was then washed with ethanol and ether 
(yield 3*3 g.). A second portion of urine (210 ml.), collected 
during the 2 hr. following the first, yielded 0-7 g.*of the 
glucuronide. The total yield for 5 hr. was 4 g. or 25*5 % 
of the aminophenol fed. Later specimens of urine contained 
very httle of the glucuronide. 

The glucuronide was recrystallized from a large volume 
of hot water and formed cigar-shaped platelets which 
blackened without melting on heating to 300°. It was 
insoluble in cold water, ethanol, ether and most organie 
solvents, sparingly soluble in hot water, but soluble in 
acid and alkali. It showed [I\j) - 76*1° (c = l in NjlO HCI), 
Found: C, 50-7; H, 5*35; X, 4*9%. C 10 H 15 O 7 X requires 
C, 50-5; H, 5*3; N, 4-9%. 

m-Aminophenylglucuronide. Six rabbits were each given 
1 g. of m-aminophenol with water by stomach tube. The 
urine was worked up in two portions as described above 
for the ortho compound. The first portion (375 ml.), collected 
during 3 hr., yielded 2-4 g. of 'm-aminophenylgliicuronide; 
the second, collected during the next 4 hr., gave 1-03 g.: 
total yield 3-45 g. or 21-9% of the aminophenol fed. The 
urine gave a bluish red diazo reaction, an intense naphtho- 
resorcinol reaction and was non-reducing. 

The glucuronide recrystallized from hot water as leaflets, 
which blackened without melting' on heating to 300°. Its 
solubility was similar to that of the ortho compound and it 
showed [ccff - 94° (c =0-95 in A 712 HCI). Found; C, 50T ; 
H, 5-3; N, 4-9%. CjaHisO-N requires C, 50-5; H, 5-3; 
N,4*9%. 

■g-Aminophenylgluciironide. Aminophenol (1 g.) was fed 
by stomach tube with water to each of six rabbits. The 
urine was collected in two portions as beiore. The first 
(340 ml.), collected after 3^ hr., was dark but clear. It 
gave a purple diazo reaction and positive indophenol and 
naphthoresorcinol reactions. It reduced ammoniacal AgNOg 
in the cold, and an ether extract gave the indophenol 
reaction, indicating the presence of free p-aminophenol in 
the urine (p-aminophenylgluctironide is insoluble in ether). 
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Table 1. Action of o-, m- and ^-aminophcnylgluc/uronides on haemoglobin 


4-Sulphonamido-2~aminophenylglucuTonide formed gmall for both solutions of haemoglobin. To each of a series of 

rectangular notched plates from hot water, m.p. 150® small test tubes containing 3 ml. of the haemoglobin solu- 

(decomp. to an orange froth). It was almost insoluble in tion was added the required amount of an aqueous solution 

cold water, insoluble in ethanol and ether, but soluble in _ — — 

hot water, acid and alkali. It showed [cc]!? ” 67*7° (c= 2 in * Two of these rabbits died 2 days later and the third, 
water containing 1 equiv. NaaOOg, i.e. enough alkali to being obviously ill, -was killed. In all these animals the liver 

form a monosodium salt). Found: 0, 35*7; H, 5*1; N, 6-6; was found to be pulpy and friable. One day after adminis- 

S, 7*4%. 0^2^1609^28, 2|-H20 requires C, 35*2; H, 5T; tration of fhe suli^honamide all three animals salivated 

N, 6*8; S, 7*8%'. profusely,. 


The urine was worked up as in the other two cases and the 
resulting p-mrdnophenylglucuronide (1*4 g.) was recrystal- 
lized from hot water, from which it formed needles, m.p. 213° 
(decomp.). The second batch of urine was collected up to 
24 hr. after feeding the phenol and although some glucu- 
ronide was present, it could not be obtained crystalline. 
The total crystalline material isolated was 1*4 g. or 8*4% 
of the aminophenol fed. It was insoluble in cold water, 
ethanol or ether and the analytical figures showed it to 
contain 1 mol. of water of crystallization, which was not 
lost at 104° after several hours. It showed [a]^“-82'7° 
(c = l in Nim HCl). Found: 0, 47*6; H, 5*55; N, 4-45%. 

R2O requires C, 47*5; H, 5-6; JST, 4-6%. 

Isolation of sulphonamidoaminophenylglucm'onides 

4-Sulphohamidd-2-ammophenylglucuromde. Rabbits were 
given by stomach tube with w’^ater, 0*4“0*6 g./kg. of o-amino- 
phenol-jp-sulphonamide. The urine passed within the first 
hour gave a red colour in the diazo reaction and a positive 
naphthoresorcinol reaction, thus indicating excretion of the 
conjugated glucuronide of the phenol. The urine was col- 
lected for 24 hr. In one experiment, for example, a total 
of 4*4 g. of the sulphonamide wm fed and 670 ml. urine 
w^ere collected in 24 hr. The basic lead precipitate was 
prepared as usual, the lead removed by HgS, and the filtrate 
evaporated to dryness m vacuo. The residual syrup taken 
up in ethanol and again concentrated at 45° crystallized 
only after the addition of crystals prepared from a small 
portion dissolved in a little ethanol to which an excess of 
light petroleum had been added. The yield of glucuronide 
was 0*42 g. from 4*4 g. of the sulphonamide fed (other 
preparations yielded 0*2 and 0*21 g. from 3 and 4*2 g. of 
the sulphonamide, respectively). 


2~8ulphonamklo-4-aminopkenylgluciironkle. Three rab- 
bits’** were each given 1-3 g. (0*75 g./kg.) of ^-aminophenol- 
o-sulphonamide [Williams, 1942]. The urine (590 ml.), which 
was blackish in colour, was collected for 24 hr. and worked 
up as usual. The non- crystalline concentrate from the basic 
lead precipitate wms dissolved in absolute ethanol, char- 
coaled, filtered and then concentrated in vacuo to a syrup. 
The solution in aqueous ethanol would not crystallize 
without the addition of a trace of crystalline 4-sulphon- 
amido-2-aminophenylglucuronide, and 0*62 g. of crystalline 
^-sulplionamidoA-aminoplienylglucuronide was thus ob- 
tained. It formed small thick rectangular plates (not 
notched like its isomeride) from hot w?-ater. It did not melt 
up to 300°, but turned red at 140° and black at 190°. It 
was almost insoluble in cold w'ater and insoluble in ethanol 
and ether. It shelved - 76*9° (c = 1 in w^ater as mono- 
sodium salt). Found: C, 35*4; H, 5*1; N, 6*35; S, 7*65%. 
CioHigOgNaS, 24H2O requires C, 35-2; H, 5*1; N, 6*8; 
S, 7*8%. 

The action of o-, m- and p-aminophenylglucuronides 
on haemoglobin solutions 

Human red cells from the blood banlv w^ere used. The 
blood had been treated with Na citrate and allowed to 
stand for 7 days at a low^ temperature. Then the plasma 
had been poured off and the residual red ceils were used in 
these tests. In the first case, 10 ml. of the rqd cells as 
obtained from the blood bank w-ere diluted to 200 ml. with 
w’-ater. In the second case, the rfed cells were washed three 
times in the centrifuge with 0*9 % NaCl, haemolysed by 
shaking W'ith asbestos and filtered through a thick layer of 
cotton-wool. 0 ml. of the filtrate w’ere diluted to 200 ml. 
The results of the experiments were essentially the same 



mg. compound 
ml. Hb 



Time (hr.) 

A 



Compound 

solution 

f 

0 

0*75 

2 

3 

• 5-6 

Control 

0 

- 

- 



- 


O- 6 — -j. -I_ _j_ _l_ 

m- _ . _ _ _ 


O- 12 — + -f- , ^ 4- q. -{- 

m- - — _ . , „ 


- Oxyhaemoglobin spectrum unchanged, 

•f Faint methaemoglobin line in red. 

-f- + Definite methaemoglobin line in red. 


+ 4- + Strong methaemoglobin line in red. 

+ + + -H Stronger methaemoglobin line in red. 
Blank No observation at that time. 
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of tlie N'a salt of the aminophenylglucuronide and water 
to make up to 5 ml. The tests were set up in duplicate and 
incubated, with the appropriate controls, at 37°. The tubes 
were periodically examined with a spectroscope for methae- 
moglobin. Initially all solutions gave a well-marked 
oxyhaemoglobin absorption spectrum. The results are 
given in Table 1. * 

The aqueous solutions of the Na salts of all three amino- 
phenylglu cur Guides were subjected to continuous extraction 
with ether for several hours, but in no case could free 
aminophenols be detected in the extract. Added free 
aminopheiiols could easily be extracted under these con- 
ditions. 


2*6 mg./mi.). To each tube were then added 4 ml. haemo- 
globin solution. Hence the compounds used were present 
in amounts equivalent to 1 mg. aminophenol/ml. The tubes 
were incubated and the spectra observed periodically as 
before. 

SUMMARY 

1. The preparation is described of o-, and 
p-aminoplienylglticuronide and 2-sulphonamido-4- 
amino- and 4-sulphonamido-2-aminophenylglucii- 
ronides by feeding the corresponding aminophenols 
to rabbits. 


Table 2. On metliaemoglohin formation in vitro 


Mg. 

compound 

Compomid 5 ml. sol. 

Control (water) 0 

Control (Na^COg solution) 0 • 

Glucurone S 

Sulphanilamide 8 

Metauilamide 8 

Orthaailamide 8 

Acetylaulphanilamide 10 

Z-Mentliylglucuronide 17 

Euxanthic acid 18 

o-Amiiiophenylglucuronide 14 

m-Aminophenylglucuronide 14 

p “Aminophenylglucuronide 1 5 

4-Hydroxy-3 -aminobenzenesulphonamide 9 

3-Hydioxy-4-aminobenzenesulphonamide 9 

3- Hydroxy-4-aminobenzenesulphonic acid 9 

6-.Hydroxy- 3 -aminobenzenesulphonamide 9 

6-Hydroxy-3-aminobenzenesulphonic acid 9 

4- Sulphonamido-2-aminophenylgIueuronide 1 7 

2-Siilphonamido-4-aminophenylglucuronide 17 

0 “ and p -Aminophenols o 

w-Aminophenol 5 


Oxyhaemoglobin spectrum unchanged. 
+ Methaemoglobm spectrum just visible. 
4 4- Methaemoglobin spectrum definite. 


Time (hr.) 


1 

1*5 

2 

3 

5-5"^ 


- 

4- 

4 

4 

4 

- 

4- 4- 

4- 4- -4 

4 4-44 

4 4 4 4 

- 

- 

4 

4 

4 

- 

4- 

4 

4 4 

4 4 4 

- 

- 

4 

4 

4 4 “ 

- 

- 

4 

4. 

■4 

4- 4- 

4- 4- 

-4 y 4- „j- 

4 4 4 4 

4444 . 


+ ■ 

4 

Solution discoloured 

+ 4- 

4- 4- 

4 4 4 4 

4-444 

4 . 4 - + 

- 

4- 

4 

4 

4 


4- 

4 

4 " 

4 4 ■ 


Solutions discoloured 

4 - 4- ’4“ Methaemoglobin spectrum strong. 

4- + 4- 4- Methaemoglobin spectrum very strong. 


The sulphonamidoaminophenylglucuronides and some 
other compounds were also tested (Table 2). Each com- 
pound, in amount equimolar to that of aminophenol (5 mg.), 
was weighed into a small test tube, each tube being in 
duplicate. The compound was dissolved 'with slight warm- 
ings if necessary, in 1 ml. NaaCOg containing 1 equiv. (i.e. 


2. It has been shown that the o- and p -amino - 
phenylglucnronides are methaemoglobin-formers 
in vitro. The sulphonamidoaminophenylglucuron- 
ides also caused methaemoglobin -formation, but 
less powerfully than the aminophenylglucuronides. 
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By H. a. KREBS and L. V. From the Department of Biochemistry ^ 

University of Sheffield 

{Received 1 February 1943) 


Extracts of liver and muscle convert citric acid into 
laevo -rotatory isoeitric acid [Martins, 1938]. As the 
rotation of isoeitric acid, like that of other a-hydroxy 
acids, is much increased by (NH4)2Mo04* , the polari- 
meter can be used to measure low concentrations 
of isoeitric acid in tissue extracts [Martins, 1938; 
Jaeobsohn, 1940]. 

On applying this method to plant extracts we 
met with an unexpected complication. Aqueous 
extracts of rhubarb petioles showed a dextrorota- 
tion with molybdate, owing to the presence of 
l{ — )malic acid. When the extracts were mixed with 
citrate the dextrorotation increased very consider- 
ably, e.g. from + 1*75° to -f 3*25°. Investigation of 
this effect showed that the increase was not caused 
by an enzymic process; it proved to be due to an 
effect of citrate on the dextrorotation of the 
Z( — )malate -molybdate complex. Under the test con- 
ditions [a]|®“ was +716° for Z( — )malic acid in the 
presence of (NH4)2Mo04 and + 1340° for l{ — )malic 
acid in the presence of (NH4)2Mo04 and citrate. 
Citrate was found also to change the rotation of the 
molybdate complexes of two substituted malic 
acids, viz. citramalic and isoeitric acids. 

The effect of citrate on the rotation of the malate - 
molybdate complex has already been observed by 
Auerbach & Kruger [1923] who realized that citrate 
interferes with the polarimetric determination of 
malic acid. Obviously citrate also interferes with 
the Martius polarimetric isoeitric acid estimation. 
Isocttric acid is frequently accompanied in bio- 
logical material by citric acid and many of the data 
calculated from polarimetric readings by previous 
authors therefore require revision. 

;■ . . EXPERIMEKTAL 

Materials. Samples of Z( -)nialic acid obtained from 
Messrs Schering-Kalilbaum and from Br W. Fraenkel, 
factory M3, Treforest Estate^ near Cardiff, were used, both, 
giving identical results. Ka-Z( ~ )a-hydroxygiutarat6 was 
prepared according to Fischer <& Moreschi [1912], citra- 
maHc acid according to Michael & Tissot [1892]; it was 
resolved %?ith brucine according to Marckwald & Axelrod 
[1899]; the sample of Z(+)iactic acid used was obtained 
from Messrs Schuchardt. Pure optically active isoeitric 
acid was not available; a solution of the active acid was 

This formula is used, for brevity’s sake, to denote 
oommeivial ammonium molybdate. 


prepared by bacterial resolution of Ka isocitrate synthe- 
sized according to Fittig & Miller [1889] and Wisiicenus & 
Nassauer [1895]. 

Calculations. The specific rotation was calculated ac- 
cording to the formula [a]x> = 100/1 x c. The values of c \ 
refer to the concentrations of the free organic acid (g. %), 
and not to the concentration of the molybdate complexes. 

RESULTS' 

Effect of citrate on the rotation of extracts 
of rhubarb petioles 

Petioles of forced rhubarb were minced and then ground 
to a pulp in a mechanical mortar; half volume of HgO was 
added during the grinding. Ten ml. pulp, 5 ml. Ji Nag-citrate 
and 1ml. 3 if acetatig+ufferofjjH 4*0 were mixed and allowed 
to stand for 19 hr. at 18°, octanol serving as an antiseptic. 
Then 1*6 ml. glacial acetic acid and 14*4 ml. freshly pre- 
pared 29 % (NH4)2 Mo 04 'were added, the insoluble material 
filtered off and the filtrate cleared with a small quantity 
of charcoal. 

A control tube contained water instead of the 
citrate solution. The polarimeter readings (2 dm. 
tube, Na-lamp) were: + 3*25° ; control, +1*75^(18°). 

The results were independent of the period of 
incubation but approximately proportional to the 
quantity of pulp used. The effect of citrate could not 
therefore be attributed to the action of an enzyme. 

Effect of citrate on the rotation of the molybdate 
complex of malic acid and other hydroxy acids 

The rotation of l{ — )malic acid (in the presence of 
(]SrH4)2Mo04) is raised by citrate (Table 1) in the 
same proportion and in the same direction as is the 
rotation of the rhubarb extract, the increase being 
85*5 % in the case of rhubax’b extract and 87 %in 
the case of malic acid. The effect of citrate on the 
rotation of rhubarb extract can thus be explained 
as an effect on the x’otation of malate (which is 
known to occur in rhubarb). The rotation of the 
molybdate complexes of lactic, tartaric and a- 
hydroxyglutaric acid axe also changed by citrate 
but these effects are smMl as compared with the 
effect of the rotation of malic acid. 

Citi'amaiic acid*(methyi malic acid) beliaves simi- 
larly to malic acid. The rotations of the molybdate 
coxnplexes of malic and citramalic acids are almost 
identical, both in the absence and in the presence 
of citrate (Table 1). 
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Table 1. Rotatory power of hydroxy acids in the presence of {NHf) 2 ^MoO^ and other substances 

(2*5 ml. hydroxy acid solution; 2-5 ml. solution of the ‘second substance b 0*5 ml. glacial acetic acid; 4-5 ml. 29% 
(NH 4 ) 2 Mo 04 ; 18°; 1 dm. tube.) 


Hydroxy acid (final cone.) 

‘Second substance’ (final cone.) ^ 


Wi) (°) 

l( - )Malic acid (0*0187 if =0*25 %) 

— 

41*79 

+ ^716 


Nag-citrate (0*2517) 

+ 3*35 

+ 1840 

l{ 4)Lactic acid (0*25 if) 



- 1*31 

- .58 


Na3-citrat^0*2517)- ' 

-1*28 

- 56 

Z( 4)Tartaric acid (0*033417) 

— 

+ 3*30 

+ 660 


Nag-citrate (0*2517) 

+ 3*48 

+ 696, 

l{ - )a-Hydroxyglutaric acid (0*02617) 

— 

-0*39 

- 101 


Nag-citrate (0*2517) 

-0*30 

_ 78 

l{ - )Citramalic acid ((>*01 17) 

— 

-1*11 

- 748 


Nag-citrate (0*2517) 

-1*98 

- 1335 

Z(~-)Malic acid (0*018717) 

Nag-racemate (0*25 17) 

+ 1*21 

+ 484 


dZ-Na-lactate (0*2517) 

■ +1*31 

+ 524. 


dZ-Na-/5-hydroxybutyrate (0*2517) 

+U*73 

+ 092, 


Glycerol (0*617) 

+ 1*44 

+' 576 


Na3-^m?^5-aconitate (0*25 17) 

+ 1*79 

+ 716 


dZ-Nao-citramalate (0*2517) 

+ 1*84 

+ 736 


I Effects of optically inactive hydroxy compounds 
I other than citrate. Racemic acid, d/-lactic acid, 
I -hydroxy butyric acid or glycercd^depress the 
rotation of the maiate-molybdat^^^^lcx, whilst 
lm5^5-aconitic acid and d^-citramm^ ^K ad have no 
befinite effect (Table 1). 

Effect of citrate concentration. A concentration of 
citrate equivalent to that of malate already in- 
creases the rotation of malic acid considerably, but 
the maximum effect requires, mider the test condi- 
tions, a citrate concentration of about OT molar,, 
i.e. about 5 times the concentration of malate. Very 
high concentrations of citrate ( 1 Jhf ) abolish the 
dextrorotation of the malate-molybdate complex, 
presumably by competitive reaction with the avail- 
able molybdate (Table 2). 

Table 2. Effect of citrate concentration on the 
rotation of the malate-molybdate cornplex 

(2-5 ml. 1 % Z{ - )malic acid solution — ^final malic acid 
cone.: 0*0187 Jf; 2*5 mi, Nag-citrate solution diluted to 
different cone.; 0*5 ml. glacial acetic acid; 4*5 ml. 29% 
(NROoMoO^; 15°; 1 dm. tube.) 


tration falls below 9 % , Below this concentration 
the available molybdate is probably insuffioient to 
‘saturate’ both citrate and malate (Table 3). 

Table 3. Effect of (]S[Mf)J}doOj^ concentration on the 
rotation of 1( — )maU^ acid in the presence of citrate 

(2*5 ml- l%l{ -)malic acid; 0*5 ml. glacial acetic acid; 
2*5 ml. li!f Nas-citrate or water; 4*5 ml. (NH 4 ) 2 Mo 04 solu- 
tion of varying strength; 15°; 1 dm. tube,) 


(NH4)2Mo04 
(final cone.) 
(%) 

13*5 

9*0 

6*0 

3*0 


OCi) 

without citrate 

n 

-fl-82 
+ 1*85 
-fl*87 
+ 1*85 


aj) 

with citrate 

(O) 

-[-3*50 
' -f-3-37 

■f0*96 
-0-08 


Effect of the malic acid concentration. The specific 
rotation of the malate-molybdate-citrate complex is 
virtually constant when the malic acid concentra- 
tion rises from O-Olo to 0-25 % (Table 4). 

Table 4. Effec^^ malic acid concentration on the 
rotation of the Mkilate-molybdate-citrate complex 


Citrate 


/o\ 


(2*5 ml- malic acid solution:- 

2*5 nil. Nag-citrate 

(final cone.) 

(17) 

aD ' 

n 


0*5 ml. glacial acetic acid; 
1 dm. tube.) 

: 4*5 ml. 

. 29% (NHdgMoO^: 

\) 

1*0 

-0*08 

— ■ 




0*5 

+ 0*81 

+ 324 


Malic acid 



..... 0*25 

+ 3*37 

+ 1340 


(final cone.) 


[a].D 

0*125 

+ 3*36 

+ 1335 


" (%). 

n 

(O) 

0*0625 

+ 3*16 

+ 1260 


0*25 

+ 3*34 

+ 1335 

0*03125 

+ 2*82 . 

+ 1130 


0*125 

+ 1*76 

+ 1407 

0*01563 

+ 2*48 

+ 990 


0*0625 

+ 0*90 

+ 1440 

None 

+ 1*79 

+ 716 


0*03125 

+ 0*45 

+ 1440 





0-01563 

+ 0*23 

+ 1470 


Effect of fnolybdate concentration. The rotation of 
the malate-molybdate complex does not significantly" 
change when the concentration of (NH 4 ) 2 Mo 04 
varies between 3 and 13*5 % . With citrate there is a 
diminished rotation when the molybdate concen- 


Effect of temperature on the rotation of the malate- 
molybdate-citrate complex. At 6*5°, 17*5°, and 37-5'^ 
we find for 4-3*44'^, +•3*34° and 4-3*03° (under 
the conditions stated in Table 4), 
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Effect of citrate on the rotation of the citramalate- 
molybdate complex. The effect of citrate on the rota- 
tion of the citramalate -molybdate complex is similar 
in magnitude to the effect on the malate complex 
(Table 5). 

Table 5. Effect of citrate on the rotation of the 
citramalate-molybdate complex 

(3 ml. 0-445% ( - )citramalic acid solution — final citra- 
malic acid cone. 0-01 M ; 2 ml. Nag-citrate solutions of 
varying cone.; 0-5 ml. glacial acetic acid; 4-5 ml. 29% 
(NH 4 ) 2 Mo 04 ; 22 °; 1 dm. tube.) 


Citrate 
(final cone.) 

ajo 


(if) 

n 


0-2 

-2-04 

-1380 

0-1 

~ 2-00 

-1350 

0-05 

-1-90 

-1280 

0*025 

-1-73 

-1170 

0-0125 

- 1 -55 

-1040 

0*00625 

-1-41 

- 452 

0-00313 

-1-27 

- 856 

None 

-Ml 

- 748 


Table 6 . Botation of isocitrate solntions of varying 
concentrations in presence of citrate and molybdate 

(10 ml. isocitrate solution; 1-0 ml. glacial acetic acid; 
9 ml. 29% (NH 4 ) 2 Mo 04 ; 2 dm. tube; for the measurements 
recorded in the last two columns the isocitrate stock solu- 
tion was diluted with Na-j-citrate solutions; the citrate 
concentration stated refers to the final concentration.) 


Relative cone, 
of isocitrate 
(Data are 


(°) 


IIU# U1 ulllJLt?b 

stock solution 

r 

No citrate 

0-1 if 

0-2if 

was diluted) 

added 

citrate 

citrate 

Undiluted 

+ 9-64 

_ 


2 

-f5-62 

+ 7-86 

+ 6-44 

4 

+ 2-72 

+ 4-52 

+ 3-96 

S 

+ 1-23 

+ 2-47 

+ 2*12 

16 

+ 0-58 

+ 1-26 

, + 1-12 

32 

+ 0-30 

+ 0-66 

— 


Table 7. Effect of citrate concentration on the 
rotation of the iso citrate -molybdate complex 

(Stock solution of isocitrate diluted with 3 vol. HgO; 
4 ml. diluted sfock solution; 1ml. citrate; 0-5 ml. glacial 
acetic acid; 4'5^'ml. 29% molybdate; 20°; 1 dm. tube.) 


Experinients with isocitric add 

Since pure optically active isocitric acid w’as not available 
a solution of the active acid was prepared by bacterial 
resolution of synthetic Nag-isocitrate. Pseudomonas pyo- 
cyanea, Aerobacter aerogenes or Bact. prodigiosum all resolve 
isocitrate [Martins, 1938]. The culture medium contained 
I g. KH 2 PO 4 , Ig. NagHPO^, 5g. NH^Ci, 0*2 g. MgS04, 
7 H 2 O, 0*05 g. CaCb and 9*6 g. isocitric acid (as Na salt) per 
litre. 100 ml. medium were sterilized in Roux culture flasks 
of 1 1 . capacity and inoculated with one of the above 
organisms. The flasks were laid out flat in order to facilitate 
aeration. When a heavy inoculum was used the maximum 
rotation was reached after 3 or 4 days’ incubation at 37°, 
ajr) of the medium being -f 1-69° (2 dm. tube; 5 ml. medium 
diluted with 0*5 ml. glacial acetic acid and 4-5 ml. 29% 
molybdate, filtered). 

Like muscle tissue [Martins, 1938], the bacteria tested 
metabolize 50% of synthetic isoeitrate. This is shown by 
the observation that a washed suspension of Aerobacter 
aerogenes (pH 6 - 8 ; 40°) absorbed 438 yl. extra O 2 on addition 
of 0*1 ml. 0*053/ citrate, and 226^1- on addition of the 
same amount of synthetic isocitrate (calc, for complete 
oxidation: 504 gl.). The fact that less than the calculated 
amount of Og W' as absorbed was presumably due to the 
synthesis of cell material from the substrate [cf. Clifton, 
1937]. 

For til© following experiments 300 ml. medium 
were incubated for 3 days with Aerohad^r aerogenes^ 
the culture was then concentrated <m the steam- 
bath to about 50 ml., and filtered after addition 
of charcoal. The effect of citrate on the rotation 
of the isocitrate solution in the presence of moly- 
bdate is shown in Tables 6, and 7. The increase 
caused by 0-l M citrate varies between 40% and 
120 %. ' 


Citrate 


(final cone.) 

(0) 

(df) 

0-1 

+ 1*89 

0-05 

+ 1*77 

0-025 

+ 1*58 

0-0125 

+ 1-41 

0-00625 

+ 1-27 

0-003125 

+ 1*11 

None 

+ 1-04 


Equilibrium between citric, isocitric and 
ciB-aconitic adds 

Martins [1938] calculated from polaiimetrio read- 
ings that the equilibrium mixture of the three 
tricarboxylic acids in the presence of aconitase con- 
tains 9*4 % isocitric acid. The calculation was based 
on the assumption that the specific rotation of 
isocitric acid in the presence of molybdate Is — 428°. 
Since this value applies to pure isocitric acid solu- 
tions it is no doubt too low for the conditions of 
Martins’s experiments, where about 0*09 ilf citrate 
was present. 

The data presented in Tables 6 and 7 permit an 
approximate estimate of the specific rotation of 
isocitric acid in the presence of citrate. Under the 
conditions of Martins’s measurements the increase 
brought about by citrate is about 82 % ; this would 
bring [a]^ to —780°. Using this figure for the 
recalculation of Martins’s data we obtain a value 
of 5*15 % isocitric acid in tlie equilibrium mixture. 

A nmnber of further measurements of the final 
rotation of solutions in which the enzymic equili- 
brium between the three tricarboxylic acids was 
established, are shown in Table 8. Tlie solutions 
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contained 0*2 ilf Na citrate, varying quantities of 
buffer, minced tissue and a drop of octanol. The 
mixture was incubated at 38^^. For the determina- 
tion of the rotation 10 ml. were acidified with 1 ml. 
glacial acetic acid, ice -cooled, and mixed with 9 ml. 
29% (XH 4 ) 2 Mo 04 . The solution was filtered after 
adding a small quantity of charcoal, and rapidly 
examined in 2 dm. tubes. Ice-cooling was necessary 
in order to prevent the development of the blue 
colour of the reduced phosphomolybdate complex. 
Under the conditions of the measurements the 
concentration of citrate was about 0*09 ikf. 

Table 8. Equilibrium at 38° between citrate, isocitrate 
and cis-aconitate in the presence of aconitase 

(Unless otherwise stated the tissue concentration in the 
enzyme preparation was 3-0 g. of fresh tissue in 50 mi.; the 
buffer consisted of phosphate except in the one instance indi- 
cated, in which NaHCOa/COo was used.) 


Buffer 

f ^ — 


Period 


‘ {° for 2 

dm.) 

cis- 

Final 


. 

incu- 


.-A 

^ 

Aconitic 

cone. 


bation 

Without 

With 

Differ- 

acid 

M 

pH 

hr. 

citrate 

citrate 

, ence 

0/ ^ 

/o 

0*030 

(Cl) 

7*4 

Enzyme from guinea-pig lirer 

18t +0*06 -1*74 -1*80 

4*08 

0*025 

6*8 

17 ■■ 

H-0-13 

-1*70 

-1*83 

3*52 

0*025 

7*1 

17 

+0*12 

-1*68 

-1*80 

— 

0*025 

6-8 

17 

-}-0*ll 

-1*79 

-1*90 

4*19 

0*025 

6*8 

17 

+0*12 

-1*72 

-1*84 

5*04 

0*050 

6-8 

17 

4-0*02 

-1*73 

-1*75 

4*26 

0*060.t 

6*4f 

24 

-0*14 

-1*81 

-1*67 

' — 

0*025 

6*8 

17 

-1-0-13 

-1*77 

-1*90 

4*73 

0*025 

6*8 

17 

4-0*16 

-1*72 

-1*88 

4*22 

0*010 

(h) 

6*8 

Enzyme from guinea-pig muscle 

41 -0*06 -1*82 -1*76 

4*33 

( 

c) Enzyme from pigeon breast muscle 


0*025 

6*8 

22 

-0*01 

-1*77 

-1*76 

4*22 


* The figures in this column are 

molecules of cw-aconitic acid found ^ 
molecules of citric acid added 
t Tissue cone, =1-5 g./50 ml, 
t Buffer = NaHG 03 /G 02 ’ 

The rotations observed were a little higher than 
those reported by Martins [1938] and by Jacobsolm, 
Soares & Tapadinhas [1940], The average of six 
measurements of under the same conditions 
(pH 6*8; 0*025 M phosphate) is ~ 1*85°. The devia- 
tions from this mean are coilsiderably greater than 
the experimental error (which is ±0*04°). They 
may be comiected with the rotation of the control. 
As the crude tissue extracts used in our experiments 
contained cathepsin and amylase, optically active 
substances may have been formed during the incu- 
bation from pmtein or carbohydrates. It is possible 
that the high concentration of citrate affects these 
enzymes and' this would invalidate the control ex- 
periments. More accurate estimations of the rota- 
tion caused by isocitrie acid would require the use 
of a purified aconitase free from other enzymes and 
their substrates. 


On the basis of the assmnption that [a]^, for the 
experimental conditions is —780°, the rotation of 
— 1*85° indicates that 6*2% of the citric acid was 
converted into isocitrie acid. The average proportion 
of aconitic acid (determined according to Johnson 
[1939]) was 4*3 % . This leaves 89*5 % for citric acid. 
Determinations of citric acid according to Pucher, 
Sherman & Vickery [1936] and Kometiani [1931] 
agreed with this calculation within the limits of the 
error of the methods, which proved to be about 
± 10 %. 

The values for ci6‘-aconitic acid are in accordance 
with those previously re|)orted from this laboratory 
by J ohnson [1939]. J ohnson calculated the isocitrie 
acid concentration of the equilibrium mixture by 
deducting the sum of the aconitic and citric acid re- 
covered from the amount of citric acid added. In the 
light of more recent experience with, the citric acid 
determination according to Pucher et al. [1936] [see 
also Dickens, 1941], it is probable that Johnson’s 
recovery of citrate was somewhat incomplete. We 
find that the yield is frequently low when perman- 
ganate is added rapidly to the citrate solution and 
we therefore now add the reagent gradually, as 
recommended by Reichard [1934]. This precaution 
was not observed in Johnson’s experiments; his 
citrate values therefore were probably too low, and 
the calculated isocitrate values too high. 

Change of pH from 6*8 to 7*4, or the substitution 
of phosphate buffer by bicarbonate buffer, does not 
appreciably affect the equilibrium (Table 8). Con- 
firming Jacofesohn’s [1940] observation we find that 
addition of MgCl 2 (0*12ilf) reduces the concentra- 
tion of isocitrie acid in the equilibrium mixtm’e 
from 6*2 to 2*6 % (assuming [a]^^ to be —780°). 
Under the same conditions (pH 6*8; 0*025 ilf phos- 
phate buffer) the concentration of cis-aconitio acid 
fell from 4*2 to 1*6%. MgCl 2 thus shifts the 
equilibrium in favour of citrate, presumably because 
of the formation of a Mg-citrate complex [see 
Hastings, McLean, Eichelberger, Hall & da Costa, 
1934; Nordbo, 1938] which results in a lowering of 
the concentration of ‘free’ citrate in the system. 

Polarimetric determination of malic and isocitrie acids 

To overcome the difficulty arising from the inter- 
ference by citrate with the rotation of the molybdate 
complexes, we add citrate to the solution in quan- , 
titles sufficient to bring the citrate concentration 
to about 0* 1 iU ; 4 ml. of the solution to be examined 
(which should be neutral) are mixed with 1 ml. M 
Xag-citrate, 0*5 ml. acetic acid and 4*5 ml. 29% 
ANH 4 ) 2 Mo 04 . The data recorded in Tables 4 and 6 
show that the rotations of malic and isocitrie acids 
under these conditions are approximately propor- 
tional to the hydroxy acid concentration. This pro- 
cedure has the further advantage of increasing the 
sensitivity of the polarimetric method. 
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SUMMARY 

1 . Citrate increases the rotation of the molybdate 
complexes of malic acid (as already observed by 
Auerbach & Kriiger [1923]), of citramalic acid and 
of isocitric acid. The increase can amount to more 
than 100%. The magnitude of the effect under 
varying conditions is investigated. 

2. The effect of citrate must be taken into ac- 
count when the above acids are determined polari- 
metrically by the molybdate method. Isocitric acid 
concentrations calculated from polarimetric read- 
ings by previous investigators who were unaware 
of the citrate effect require revision. 


3. Preliminary experiments show that the equi- 
librium mixture of isocitrate, cis-aconitate and 
citrate in the presence of liver or muscle aconitase 
contains 6*2 % isocitrate, 4-3 % cis-aoonitate and 
89-5% citrate (38°; pH 6*8; 0*025 M phosphate 
buffer). The effect of pH is small between 6*8 and 
7*4. MgClg shifts the equilibrium in favour of 
citrate. 

4. A modified polarimetric method is suggested 
for the determination of malic and isocitric acids, 
applicable to solutions containing citrate. 

This work was aided by grants from the Rockefeller 
Foundation and from the Mescal Research Council. 
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Aerobic Oxidation of Aromatic Hydrocarbons 
in the Presence of Ascorbic Acid 

THE REACTION WITH ANTHRACENE AND 3:4.BENZPYRENE 

By F. L. WxARREN (Laura de Saliceto Student, University of London), From The Chester Beatty 
Research Institute, The Royal Cancer Hospital {Free), Fulham Road, London, /S'.TF. S 

(Received 29 March 1943) 

It has long been known that oxidation of the It is well known that the feeding of naphthalene 
aromatic hydrocarbons plays a fundamental part to rabbits leads to the production of cataract. The 
in their elimination from the animal body, but crystalline lens normally contains much ascorbic 
isolation of the products excreted has contributed acid. Simultaneously with the development of 
little to knowledge of the initial introduction of opacity in the lens during cataract formation the 
oxygen into the molecule. This problem'has assumed ascorbic acid content falls to a very low value. It 
even greater importance recently in connexion with has also been reported that the administration of 
the fate of carcinogenic hydrocarbons in the animal ascorbic acid to animals on a naphthalene diet 
body. Many such hydrocarbons are now known inhibits cataract production. It must bo admitted 
and, in most eases, introduction of oxygen into the that the whole question of the relation of ascorbic 
molecule leads to considerable or complete loss of acid to cataract production by naphthalene is still 
carcinogenic activity. Thus in these carcinogens Undecided, and there is 110 general agreement on 
oxidation is equivalent to ‘detoxication’ from the the facts. However, these experiments suggested 
point of view of cancer induction. ^ ^ the desirability of testing the 
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^ action of ascorbic acid on naphthalene in vitro. In 

the acjueous acetone solution of naphthalene con- 
taining ascorbic acid, he detected the formation of 
an oxygen-containing derivative of naphthalene 
which he assumed to be a naphthol. 

This observation has been studied in more detail 
in the present work and extended to other hydro- 
carbons. Evidence of oxidation of the hydrocarbon 
has been obtained with naphthalene, phenanthrene, 
anthracene, and with the carcinogenic hydrocarbons 
3: 4-benzpyrene, cholanthrene, and methylcholan- 
f threne. Experiments on the identification of the 

I products from anthracene and 3: 4-benzpyrene are 

described. 

EXPERIMENTAL 

The technique was very simple. The hydrocarbon 
was dissolved in a suitable volume of 80 % acetone 
(B.D.H. Analar) and 2-4 times its weight of ascorbic 
acid added. The flasks, which were large enough to 
contain ample air, were stoppered and kept in the 
dark at room temperature (usually about 20°). 
Light was excluded to avoid photo -oxidation. 

A7ithrace?ie 

Examined after 2 weeks, solutions containing 
anthracene and ascorbic acid showed no obvious 
^ difference in colour when compared with similar 

' contx'ol solutions containing no ascorbic acid. Water 
was added to the solution and the acetone removed 
under reduced pressure at a low temperature. The 
solid material which separated (mainly unchanged 
anthracene) was collected and well washed with 
•> water. This residue was heated with N NaOH and 
Zn dust. The filtrate from Zn and unchanged hydro - 
; carbon was deep red. The extraction with alkali and 

i Zn was repeated until the filtrates and washings 

I were colourless. On aeration of the alkaline filtrate 

1 a brownish solid separated and the solution lost its 

I deep red colour. The solution was made slightly 

: acid and the precipitate collected and dried. Re- 

crystallization from glacial acetic acid gave fine 
yellow needles, m.p. 279-280° (uncorr.), which did 
^ not depress the m . p . (27 9-2 8 0 ° ) of authentic anthra- 

quinone. • ■ " ■ 

In solutions containing anthracene and ascorbic 
acid left for longer periods (2-3 months) crystals of 
anthraquinone were seen to form as, long very pale 
yellow needles, which on removal and recrystalliza- 
tion had M.p. 279-280°. No anthraquinone could 
be detected in the control experiments. 

3:4-Benz2yyrene 

This hydrocarbon invariably showed a most 
striking and characteristic colour change. Benz- 
pyrene in aqueous acetone kept in the dark main- 
tains its pale yellow-green colour even after 5 years. 


In the presence of ascorbic acid the solution rapidly 
becomes deep yellow, then orange and finally ruby 
. red. The change is detectable in a few hours, and 
after standing overnight it is quite obvious. 

Isolation of benzpyrene quinones. After removal 
of the acetone under reduced pressure the precipi- 
tated solid was collected by filtration. This solid 
consisted mainly of unchanged hydrocarbon im- 
pregnated with some coloured material which gave 
the mass a magenta colour. Treatment of this 
product with NaOH in the cold gave a dark 
alkaline solution with a strong green fluorescence. 
Acidification of this solution led to its decoiorization 
with precipitation of a small quantity of red floc- 
culent material. The nature of this material is 
discussed later. 

The oxidation product was repeatedly leached 
with hot 2N NaOH until the extracts had lost all 
the green fluorescence and were practically colour- 
less. Boiling the extracted residue with more 2Y 
NaOH and Zn dust led to a red-brown vat. Un- j 

changed hydrocarbon was removed by filtration I 

and the alkaline solution aerated. A red precipitate | 

separated and the solution became very pale green. j 

After acidification the precipitate was collected and 

dried, when it was obtained as a brick-red powder. : 

The yield was low — ca. 10 mg. from 100 mg. of 
benzpyrene. The melting-point after recrystalliza- 
tion from xylene was 230°, not depressed by 
admixture with a specimen of 3: 4-benzpyrene 1 : 

quinone m.p. 230° [Cook & Hewett, 1933]. 

Vollmann, Becker, Corel! & Streeck [1937] j’ 

showed that the quinone described by Cook & | 

Hewett is a mixture of 5:8- and 5.T0-qmnone. * i 

Separation was achieved by conversion of the i 

mixture of quinones to the leucodiacetates and 
fractional crystallization. The 5:10-quinone crys- 
tallizes in golden orange needles m.p. 295° and 
dissolves in concentrated HgSO^ to give a carmine 
red solution. The 5:8 -quinone forms red needles. 

M.p. 245° and its solution in cone. HgSO^ is olive 
brown. 

The product from ascorbic acid oxidation of 
benzpyrene gave a solution in cone. HaS 04 inter- 
mediate in colour between solutions of the pure 
quinones and indistinguishable from that of a solu- 
tion of the mixed quinones of Cook & Hewett. 

\ Other products of the oxidation. As mentioned 
above, some material is extractable from the oxida- 
tion product by alkali alone. Since this material 
can be apparently completely removed before the 
quinones are extracted by vat formation, it is not 
quinonoid but presumably phenolic in nature. On 
precipitation with acid from its alkaline solution it 
is red and flocculent, but on collection and drying it 
darkens. All efforts at purification of this material 
have so far been unsuccessful and have yielded 
nothing but further small quantities of quinone. 



Colorimetric measurements on the oxidation pro- 
duct. These were made by means of a Hilger Photo- 
electric Absorptiometer using Ilford ‘Spectrum-’ 
filters. The colour developed in mixtures of benz- 
pyrene and ascorbic acid solution was measured 
and analysed by using the filters at intervals during 
68 days. A typical result is shown in Fig. 1, in 


Blue- Green 
green 


bellow- Yellow 
green 


Fig. 1. Colour development in a solution of 3:4-benz- 
pyrene during aerobic oxidation in the presence of 
ascorbic acid, a = 27, 6=50, c = 74, d=98, 6 = 144, 
/=214, 5 ^ = 339 hr. h=58 days. 

which are plotted the values obtained by measure - 
of a solution initially containing 50 mg. 
benzpyrene and 200 mg. ascorbic acid. Similar 
were carried out on pure specimens 
of the 5:8- and 5:10-quinone and on the mixture 
prepared by chromic acid oxidation of the hydro- 
carbon (Table 1). Attention may be directed to 


has fallen by 20 % . This change is not shown by 
the 5:10-quinone where the absorptions of satu- 
rated solutions in pure acetone or in 80 % ac|ueous 
acetone are practically indistinguishable. 

Comparison of the values shown in the table with 
those for the ascorbic acid-hydrocarbon experiment 
given in Fig. 1 indicate that the colour developed 
in the latter is mainly due to formation of the 
quinones but that there is also some other chro- 
mogen present. In the later curves in the figure 
the absorption towards the red end of the spectrum 
is greater than can be accounted for by assuming 
a satiuated solution of the mixed quinones, even 
if the more chromogenic 5: 8-compound pre- 
dominated. 

The influence of various factors on the oxidation. 
By making use of the rapid development of colour 
with benzpyrene it was possible to examine the 
influence of various fa-ctors on the speed of the 
reaction. At temperatures of 30-40° the reaction 
proceeded more rapidly than at 20-25°, but mea- 
surements of the colour produced showed that the 
reaction at the lower temiDeratmes, although 
initially slower, finally developed more colorn*. This 
is to be expected since the rate of destruction of the 
ascorbic acid is much greater at the higher tem- 
perature range. The rate of reaction was not appre- 
ciably increased by vigorous shaking in air or O 2 , 
but the reaction is completely inhibited if Og is 
excluded. Mixtures of ascorbic acid and benzpyrene 
in aqueous acetone in sealed tubes from which all 
air has been removed or replaced by remain 
colourless for months if they are not exposed to 


Table 1. Absorption measurements on quinones 


Filter 

V. 

B. 

B.-G. 

G. 

Y.-G. 

y. 

0. 

E. 

5:10-Qumone (100% acetone) 

CO 

1-07 

0-47 

0*12 

— 

■— 


— 

5:10-Quinone (80% acetone) 

CO 

103 

0-47 

0*11 

— 

— 

— 

— 

5:10-Quinone (80% acetone) -i- ascorbic acid. 

00 

1-20 

MO 

0-65 

0-20 

— 

— 

— 

6:8-Qumone (100% acetone) 

00 

1*22 

1*22 

1-06 

0*17 

— 

— 

— 

5:8-Quinone (80% acetone) 

CO 

1-18 

1-20 

1'50 

0-48 

— 

— 

— 

5:8-Quinone (80 % acetone) + ascorbic acid 

00 

1-23 

1-28 

1-55 

M5 

0*53 

0-185 

0-06 

Mixed quinone in 80% acetone 

00 

1-28 

1*28 

1'05 

0-30 

— 

— 



The values = absorption coefficient. Cell depth, 1*0 cm. Concentration — saturated at 15° C. 


tw‘o points. One is the increase in intensity of the 
colour of the quinone solutions, particularly towards 
the red end of the spectrmn, when ascorbic acid is 
present in their solutions. This is especially marked 
in the case of the 5: 8 -quinone where the absorp- 
tion, for example, in the yellow-green is increased 
from 0’48 to 1T5 on adding ascorbic acid and 
allowing to stand for several days. The second point 
is that on diluting the 100% acetone solution of 
the 5:8-quinone with water in order to obtain an 
80 % solution there is an increase in the absorption 
intensity although the concentration of the quinone 


bright light. On opening the tubes the usual 
sequence of colour changes takes .place. 

Since it appeared probable that the autoxidation 
of the ascorbic acid played an essential part in the 
mechanism of the oxidation, the effect of copper, 
cyanide, metaphosiDhoric acid, and HgOg on the 
reaction was tried. 

Small traces of cupric ions (l-2/xg./ml.) either 
had no effect or, occasionally, produced a slight 
acceleration of the reaction. iif/iOO KCiST or 5% 
HPO3, however, completely inhibited the reaction. 
In view of the possibility that the oxidation of the 
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hydrocarbon might be due to HgOg formed during 
autoxidation of the ascorbic acid, experiments were 
carried out in which HgOg was added to the hydro- 
carbon-ascorbic acid mixture, and also some in 
which HgOg alone without ascorbic acid was em- 
ployed. The addition of the peroxide was without 
effect on the reaction when both it and ascorbic 
acid were present in the solution. Alone, the HgOg 
did not oxidize the hydrocarbon. 

These results indicated that the enediol grouping 
of ascorbic acid was the essential structural re- 
quirement for bringing about the oxidation of the 
hydrocarbon. Support for this view was obtained 
in experiments in which ascorbic acid was replaced 
by dihydroxymaleic acid. Exactly similar oxida- 
tions of hydrocarbons were obtained by the use of 
this acid in aqueous acetone solution. 

DISCUSSIOhT 

The oxidation of aromatic hydrocarbons in the 
presence of substances undergoing autoxidation is 
well known. In a study of the inhibitory action of 
anthracene on the autoxidation of benzaldehyde 
Backstrom & Beatty [1931] have shown that the 
inhibitory action is connected with an induced 
oxidation of the inhibitor. The primary oxidation 
product is anihranoi which is autoxidizable and 
reacts with oxygen to give a peroxide which is 
slowly decomposed with the formation of the final 
reaction product, anthraquinone. The course of the 
reaction indicated that the initial oxidation of the 
hydrocarbon is the result of a reaction, with a 
peroxide of benzaldehyde of the structme 

H 

lyOs 

CeH5.C<Q^^0. 

Wasley & Rusch [1942] showed that the autoxida- 
tion of benzaldehyde and of heptaldehyde was 
inhibited by anthracene, 3: 4-benzpyrene, 1:2:5:6- 


dibenzantliracene, and 20-methylcholanthrene. In 
the case of benzpyrene, measurements of absorption 
spectra indicated that the inhibition involved the 
oxidation of the hydrocarbon to one or more 
quinones. 

It seems probable that a similar mechanism 
imderlies the reaction described in the present 
paper. The autoxidation of ascorbic acid may be 
assumed to involve the formation of a peroxide. If 
this peroxide oxidizes anthracene to anthranol and 
3:4 -benzpyrene to 5-hydroxy-3:4-benzpyrene as 
the initial products, the formation of anthraquinone 
and a mixture of benzpyrene quinones together 
with some monohydroxy benzpyrene is readily un- 
derstood. 

Whether such a mechanism plays any part in 
the in vivo oxidation and elimination of aromatic 
hydrocarbons remains undecided. Experiments on 
this point, and investigations of the possibility that 
aromatic hydrocarbons interfere with the normal 
utilization of ascorbic acid in the animal body, are 
in progress. 

SUMMARY 

Oxygen oxidizes aromatic hydrocarbons in aqueous 
acetone solutions containing ascorbic acid. Anthra- 
cene is oxidized to 9.T0-anthraquinone and 3:4- 
benz];>yrene yields a mixture of 3:4-benzjDyrene- 
5:8-quinone and 3:4-benzpyrene-5:10-quinone. The 
oxidizing agent appears to be one of the products 
formed during autoxidation of ascorbic acid and 
is possibly dehydroascorbic acid or a peroxide 
thereof. The mechanism seems to be similar to that 
which occurs during the inhibition of the autoxida- 
tion of aldehydes by aromatic hydrocarbons. 

I should like to express my thanks to the Sir Halley 
Stewart Trust for a Fellowship held during the course of 
this work. The British Empire Gancer Campaign, in addi- 
tion to generous sux^port of this Institute, put at my 
disposal a supply of 3:4-benzpyrene used in this investi- 
gation. 
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The Action on Avian Malaria of the Alkaloids of Cinchonas 
from the Cameroons and the Belgian Congo 
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From ' Centre de Technolog ie Scientifique et Coloniale de la France ComhaUante \ Finedon, Northants, 
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During the course of the war it lias become in- 
creasingly important to seek efficient and cheap 
remedies against malaria among the alkaloids of 
the cinchonas. 

Numerous experiments on cinchona febrifuges 
have been carried out in several countries, e.g. 
Ejercito & Santos [1937], Field [1934], Eourneaii, 
Trefouel, Trefouel, Stefanopoulo, Benoit, Lestrange 

Melville [1930], Hicks & Chand Diwan [1935], 
Kingsbury [1937], League of Nations [1934; 1937], 
Manon, Perez <fc Russell [1935], Miyahara [1938], 
Parvulescu & Boeriu [1934], Sergent, Sergent & 
Vogt [1925], Sinton [1929], Slatineanu, Ciuca, Bal- 
teanu, Alexa, Francke & Rugina [1934], Wijerana 
[1939], Yao <fc Yimg [1934]. From all these experi- 
ments it appears that in the treatment of ordinary 
cases of malaria cinchona febrifuges are equal to, if 
not of slightly superior value to, quinine. Never- 
theless these cinchona febrifuges vary largely in 
composition, in origin and in the mode of prepara- 
tion, and it seems desirable at the present time to 
obtain more detailed and accurate information 
about the nature of the total alkaloids from different 
cinchonas, and to examine their therapeutic action, 
before considering their intensive cultivation and 
the establishment of small plants for the purpose 
of extracting these alkaloids on the spot by simple 
processes. 

. The initial experiments to be described are con- 
fined to the action on avian malaria of alkaloids 
from the barks of O. succirubra and C, Ledgeriana 
from Dschang (French Cameroons) and Kivu 
(Belgian Congo). Some experiments on avian 
malaria have already been carried out by several 
authors: Bishop [1942]; Buttle, Henry & Trevan 
[1934]; Buttle, Henry, Solomon, Trevan & Gibbs 
[1938]; Giemsa [1933]; Qoodson, Henry & Macfie 
[1930] ; Sergent, Sergent Vogt [1923; 1924; 1925]. 
The alkaloids used in the present study were either 
extracted by the classical laboratory method or by 
industrial processes. The samples were in all cases 
prepared in our laboratories and were practically 
pure (95-97 %), containing the same percentage of 
quinine as the laboratory product. Some small 
differences may exist in the relative proportions of 
the amorphous alkaloids present. 


EXPERIMENTAL 

The malaria parasites used in this work wwe a 
strain of Plasmodimn relictum obtained from Dr 
Keilin of Cambridge to whom we wish to offer our 
thanks. The birds used were all canaries; owing to 
difficulties in obtaining supplies these were not all 
of a constant strain, but gave a uniform response 
to the infection. 

The malaria was transmitted by direct blood 
inoculation from bird to bird. Blood was obtained 
from the vein running down the inside of the leg 
of an acutely infected bird and was collected in an 
equal volume of citrate -saline (NaCl 0-8%, Na 
citrate 2%). Each bird to be inoculated received 
0*25 ml. diluted blood, injected into the pectoral 
muscle. Usually the examination of the blood of 
infected birds was begun on the fifth day, the blood 
films being treated with Giemsa’s stain. At least 
30 fields were examined on each slide. 

The alkaloids 'were administered orally to the 
birds in the form of small pellets, which were pre- 
pared by mixing 1 part of alkaloid with 9 part^ of 
corn flour, together with a little HgO. Each pellet 
thus contained the amount of alkaloid (in form of 
insoluble base) required for a test on a single bii'd. 
The pellets were readily swallowed, and experience 
has shown that this method was more convenient 
than administration by catheter [Fourneau et al., 
1930]. 

The routine method of testing compoimds was as 
follows : 6 hr. after a bird had been inoculated, a 
dose of alkaloid was given and five further doses 
were given at 24-hr. intervals. There were tw'o 
untreated control birds in each experiment. 

The birds chosen for each test were of approxi- 
mately equal weight (to within 2 g.) and uniform 
doses were administered. It was found that under 
these conditions, the appearance of parasites in the 
blood is not dependent on the weight of the bird, 
either in xmtreated controls or in treated birds. 

Most of the experiments were carried” but with a 
daily dose of 3*5 mg. of total alkaloid, an amount 
which gave a good therapeutic effect without toxic 
symptoms. 
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RESULTS 


The therapeutic effect of the alkaloids is measured 
in terms of the retardation of infection in the 
different groups. The results of experiments are 
summarized in Tables 1 and 2. In only one bird of 
the whole series (30 mg. of alkaloid from (7. sued- 
rubra) was the onset of malaria indefinitely re- 
tarded. 


the Cameroons) exerted a more powerful thera- 
peutic action than quinine. 

The alkaloids from (7. Ledgeriana in doses of 
2-5 and 3-5 mg. were more effective than the same 
amount of quinine. 

In all the experiments no differences were ob- 
served between the industrial and laboratory pre- 
parations from the different sources. 

(ii) Total alkaloids minus quinine. Three of the 


Table 1. Influence of alkaloids per os on the time of onset of a dan malaria 


Influence of alkaloid on onset 
of malaria in canaries 


Alkaloid 

Source of alkaloid 

A. 

r \ 

Method of 

Daily 

dose 

given 

No. of 

Period of 
delay in 
onset of 
malaria 

Country 

Bark 

extraction 

(mg.) 

birds 

(days) 

Quinine (base) 

— 

— 

— 

25 

4 

5*25 

Total 

Cameroons 

0, succirvhra 

Laboratory 

3-5 

5*0 

2*5 

6 

4 

4 

9:40 

11*00 

4*25 

Total 

Cameroons 

G. suedrubra 

Industrial 

3*5 

5*0 

2*5 

9 

4 

3 

7*35 

>15*20 

3*70 

Total 

Cameroons 

C, Ledgeriana 

Laboratory 

3-5 

3*5 

2 

5 

7*50 

10*20 

Total 

Cameroons 

C. Ledgeriana 

Industrial 

2*5 

3 

8*00 

Total (Sample R) 

Belgian Congo 

G. suedrubra 

Laboratory 

2*5 

4 

8*50 

Total (Sample M) 

Belgian Congo 

G, suedrubra 

Industrial 

2*5 

4 

9*00 

Total minus quinine 

Belgian Congo 

G. Ledgeriana 

Industrial 

2*5 

2 ^ 

4*50 

(Sample E) 

Total minus quinine 

Cameroons 

G, sueeirubra 

Industrial 

2*5 

1 

4*50 

Total minus quinine 

Cameroons 

G. Ledgeriana 

Industrial 

2*5 

2 

4*00 


Table 2. Composition of the total alkaloids tested 



Total 

alkaloid 


Composition (%) of total alkaloid 

V- 



in barks 

e 

Quinine 

Cinchoni- 


Amorphous 

' 

Source and method of extraction 

(%) 

base 

dine 

Cinchonine 

alkaloids 

Impurities 

G. suedrubra (Dschang). Industrial 

6*40 

33 

27 

14 

26 

3 

G. Ledgeriana (Dschang). Industrial 

7*50 

62 

— 

. — 

— 

1 

C. suedrubra; sample R (Kivu). Laboratory 

8*35 

22 

__ 

— 

— 

— , 

G. suedrubra; sample M (Kivu). Industrial 

7*00 

13 

— 

— 

— . 

5 

G, Ledgeriana; sample E (Kivu). Industrial 

7*25 

59 

— 

— 

— • 



DISCUSSION 

(i) Total alkaloids {^including quinine). The results 
indicate that the total alkaloids from all the sources 
examined have an effect similar to that of quinine 
in retarding the onset of avian malaria. The effect 
appears to vary largely according to the origin of 
the barks— the Belgian C, suedrubra (M and R) 
gave a mixture of alkaloids which, although less 
rich in quinine, seemed to be more effective than 
the mixture extracted from the French bark. 

The alkaloids of G. suedrubra, when given in 
doses of 3-5 mg./day, were somewhat less effective 
than the same amount of quinine base, but on in- 
creasing the dose to 5 mg./day, these alkaloids (from 

Biochem. 1943, 37 


industrial preparations have been tested after the 
removal of their contained quinine. In a dosage of 
3-5 mg./day they produced a retardation of avian 
malaria for 4~5 days, compared with the figm^e 
7*35-10*5 days observed with the similar dose of 
alkaloids including quinine. The explanation of this 
difference may lie in a synergistic action of small 
amounts of quinine and other alkaloids from 
cinchonas, and experiments are in progress to 
elucidate this very important question. 

SUMMARY 

1. The total alkaloids from Cinchona suedrubra 
and C, Ledgeriana from both the Cameroons and 
the Belgian Congo, have been tested for thera- 
peutic action on avian malaria. 

22 
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2, 111 all eases the results indicate that the total 
alkaloids have an effect similar to, or even better 
than, that of quinine, 

3. Industrial and laboratory preparations are of 
equal value. 


^943 

4. The total alkaloids from which the quinine has 
been extracted have a poor therapeutic effect, and the 
difference between these and the results with the 
total alkaloids may be due to the synergistic action 
* of small amounts of quinine and other alkaloids. 
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The Reducing Properties of Fibrinogen 


By L. B. JAQUES, Department of Physiology, UniversUy of Toronto, Toronto, Canada 


(Received 3 April 1943) 


The protein, fibrinogen, is characterized by (1) its 
low solubility in moderately strong salt solutions, 
(2) its conversion to fibrin by thrombin and (3) its 
marked instability and ease of denaturation. The 
last property has made difficult its purification and 
study but it is now possible [Florkin, 1930] to pre- 
pare fibrinogen free from other proteins and without 
any evidence of denaturation. Study of the clotting 
of this purified fibrinogen by thrombin [Jaques, 
1938] could ziot be continued imtil a method was 
found to stop the reaction quickly in order to obtain 
samples for analysis. The methods commonly used 
in enzyme chemistry for this piupose (heat, etc.) 
are inapplicable because they affect the solubilities 
of fibrinogen and fibrin. Dilute iodine, potassium 
permanganate and potassium dichromate, tested 
for this purpose, were found to give a heavy pre- 
cipitate with fibrinogen. As this phenomenon was 
not found with the serum proteins and does not 


appear to have been reported before, it was investi- 
gated. Secondary reactions took place with K 2 Cr 207 
and KMn 04 , shown by re-solution of the preci- 
pitate. The study was therefore limited to the action 
of iodine and HgOg. 

■ EXPERIMENTAL^, ' 

Materials 

Fibrinogen. Preparation by repeated precipitation with 
concentrated salt solutions is not very satisfactory in 
practice. The principle of Florkin [1930], who found it 
necessary for preparation of homogeneous solutions of the 
protein that all operations should be made at 2° and at 
pH 6-0~7-0, has been followed. Fibrinogen is rapidb^ de- 
natoed by acid evc^i at low temperatures [Fay & Hendrix, 
1931], 

Florkin used NaCl as the precipitant, but the resulting 
‘salt of fibrinogen’ tends to form gels and it is difficult to 
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^ control the rates of stirring and of addition of the salt, so 

as to obtain precipitates which dissolve readily. Also, the 
NaGl used must be carefully decalcified or the fibrinogen 
will clot after the first precipitation. Fibrinogen precipi- 
tated with ammonium and potassium sulphates or phos- 
phates flocculates and has not the same tendency to form 
gels [cf. Ferguson & Erickson, 1939]. Instead of (NH4)2S04 
[Ferguson & Erickson, 1939], phosphate buffer has the 
advantages that the pH is exactly controlled at all stages 
and the protein content of the solutions can be easily 
determined by nitrogen analyses. Butler & Montgomery 
[1932; 1935] have drawn attention to the particularly 
valuable properties of the equimoiecular mixture of K2HPO4 
and KH2PO4, pH 6*6, used by Florkin and other associates 
of Cohn. The method of Florkin has been found by the 
author to be facilitated if this phosphate buffer is substi- 
tuted for HaCl. The SM phosphate buffer of Butler & 
Montgomery is diluted to 2 M before use, and the fibrinogen 
is precipitated by adding 1 vol. of this solution to 1 vol. 
plasma. The concentration of phosphate (M) appears to 
correspond to sat. HaCi solution in its precipitating 
power. The fibrinogen is washed with M phosphate buffer 
and redissolved in a vol. of 1//4 phosphate buffer slightly 
less than that of the original plasma. Three such successive 
precipitations are made. All operations are conducted in 
the cold room at 2'^. All solutions and glassware are chilled 
before use and it is advisable to rinse the glassware with 
a weak solution of Na citrate. The salt solution is added 
slowly to the continuously stirred solution exactly as 
directed by Florkin. The use of a centrifuge or a Sharpies 
Super Centrifuge installed in the cold room will he found 
much preferable to filtration. With these modifications, the 
'i whole preparation can be readily carried out in 24 hr. The 

fibrinogen used in this study was prepared from citrated 
horse plasma, kindly supplied by Dr E. G. Kerslake of the 
Connaught Laboratories, University of Toronto. 

A simple test to demonstrate the complete absence of 
other plasma proteins in the fibrinogen solution is the lack 
of any antithrombin action of heparin when tested with 
the fibrinogen [Jaques & Mustard, 1940]. Mere, traces of 
plasma are sufficient to restore the antithrombin action of 
heparin. 

Methods 

The fibrinogen was dissolved in Jf/4 K phosphate buffer 
(pH 6-6). The reaction vessels were 25 ml. glass-stoppered 
Eiienmeyer flasks rocked in a thermostat at 25°. 1 ml. 
fibrinogen solution (0-5 mg, ISr)-l-4ml. of HgO were taken 
and 1 ml. A/75 I2 in HI or H2O2 added. The consumption 
of L by the blank was very small but a control with phos- 
^ phate buffer instead of the fibrinogen solution was always 

made. The value .reported for the I2 or H2O2 consumption 
represents the difference between the titre of the control 
and the titre with fibrinogen added. 

- The reaction was stopped by adding 1 ml. of 60% Kl, 
The residual Ig w'as then titrated with standard W/200 
Na.SaOa using a 2 mi. mieroburette and starch as an in- 
ternal indicator. Residual HgOg was estimated by titrating 
the equivalent Ig liberated from the KI. For this, 1 ml. 
of 4A^ H2SO4 was added at the same time as the KI, and 
after 5 min. the contents were titrated. Clotting was„carried 
out as by Jaques [1938]. The thrombin had been purified 
by the methods of Seegers and was kindly supplied by 
Parke, Davis & Co., Detroit. 


RESULTS AND DISCUSSION 

Kinetics of the oxidation of fibrinogen 
by or Jg 

The value of /C, the velocity constant of a bimole- 
cular reaction, was calculated from the data of 
Table 1 by the equation : 

The values of K for the reaction with HgOg show 
very good agreement. This indicates that the reac- 
tion is bimolecular and shows that probably a 
specific reacting group is involved. The values with 
I2 do not show such good agreement. This was 

Table 1. Reaction of fibrinogen with and Jg 


H2O2 I2 

1 ml. A/lOO HgOg + 2 ml. 1 ml. A/TS Ig + 1 ml. 

fibrinogen (0-890 mg. N) fibrinogen (0-500 mg. N) 


Reac- 

HgOg 


Reac- 

la 


tion 

con- 


tion 

con- 


time 

sumed 


time 

sumed 


fir. 

mi. 

K 

min. 

'ml. 

K 

0*5 

0*164 

0-00430 

8 

0-511 

0-0179 

1^0 

0*263 

0-00398 

25 

1-044 

0-0179 

2*0 

0*443 

0-00428 

48 

1-250 

0-0141 

3*0 

0*535 

0-00414 

75 

1-381 

0-0153 

5*0 

0*629 

0*00378 

79 

T-435 

0-0132 

6*6 

0*762 

— 

120 

1-562 

0-0126 

8*0 

0*763 

— 

300 

1*713 

— 

22*0 

0*763 

— 

720 

1-711 


04 = 

1*953 Gb 

=0-763 

C4 = 

2-750 Gb 

= 1-712 

K (average) =0*00410 

K (average) =0-0152 


(All concentrations are expressed as equivalent ml. of 
A/200 NagSaOs.) 

partly due to technical difficulties but, as indicated 
later, the reaction with Ig probably involves several 
groups. The results with Ig indicate, however, that 
here also the reaction involves specific groups of 
the protein. The velocity of the reaction is fairly 
high, e.g. with Ig equilibrium was reached in 5 hr. 
This was in the presence of 0-06 KI from the 
standard Ig solution, and KI strongly inhibits the 
reaction. At equilibrium, 2*17 mg. Ig and 0-146 mg. 
HgOg were reduced per mg. fibrinogen. The same 
equilibrium values were obtained when the relative 
concentrations of fibrinogen and oxidizing agent 
were varied. Iodine evidently takes the oxidation 
fui’ther than HgOg : the Ig consumed is just 4 times 
the HgOg — at equilibrium 3*42 mi. A72OO Ig com- 
pared with 0*856 ml. N/200 HgOg/mg. N. 

The effect of various factors on the reaction is 
shown in Fig. 1 : (a) varying amounts of KI, fol- 
lowed by 1 ml. N/IS Ig, were added to a series of 
tubes and the tubes allowed to stand 7 hr. KI 
strongly suppresses the reaction, a final concentra- 
tion of 6 % being sufficient to inhibit it completely. 
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(6) Fig. 16 shows the effect of pH. The amount of 
I2 reduced in 1 hr., and of H2O2 in 5 hr., was deter- 
mined. The pH level was established by adding 
before the oxidizing agent either N 12 H3PO4 or 
NI2 KOH to the fibrinogen solution. From zero 
reduction at pH 2*3, the amount of Ig reduced rose 
rapidly with increasing pH. Beyond pH 7*5 the 
‘blank’ consumption of Ig became so great that it 
interfered with the titrations, but there was no 
evidence of a decreased consumption by fibrinogen. 
The effect of pH on the reduction of HgOg is similar 
to but less than the effect on Ig. There appears to 
be a definite break in the pH -curve at the isoelectric 
point of fibrinogen, the HgOg consumption in- 
creasing only relatively slowly on its alkaline side. 
Isoelectric precipitation of fibrinogen occurred from 


rise in pH, etc.) closely resemble those obtained in 
the iodimetric determination of cysteine and related 
compounds [Lucas & King, 1932] and suggest that 
sulphydfyl group is responsible. Fibrinogen does 
not contain a free SH group, however, for it gives 
a negative nitroprusside reaction. Very little iodine 
substitution has occurred in the protein, as shown 
by analysis. It appears likely, therefore, that the 
reduction of Ig and HgOg by fibrinogen is due to a 
group other than sulphydryl. 

The reaction of the serum proteins with Jg 

A qualitative difference between the reactions 
with serum proteins and with fibrinogen is evident 
from the fact that the former do not give any pre- 
cipitate with Ig . The Ig consumption of a sample of 


KT % pH Fibrinogen N, mg. 

Fig. 1. Effect of various factors on the reaction: a, effect of potassium iodide; 6, effect of pH; c, effect of fibrinogen 
concentration, o — o V/200 Ig reduced; • — • V/200 HgOg reduced. Fibrinogen present, as mg. N: a, 0*500; h (Ig), 
0*425, h (HgOg), 0*850. Iodine or peroxide present, 1 ml. of ca, N/IOO. Total volume, 6 ml,, and phosphate concentration 
if/24, in aU. 


pH 4*4 to 5*4. With Ig , precipitation ocemred from horse plasma was therefore determined as usual and 
pH 3*1 to 7*5. With HgOg, precipitation was ob- was corrected for the reducing power of the fibrino- 
served only in the region of the isoelectric point of gen present. 0*10 ml. plasma (1*10 mg, N) gave an 
fibrinogen, (c) Fig. Ic shows the Ig consumption Ig uptake for 1 hr. of 1*964 ml. Total fibrinogen FT 
foxmd with varying amounts of fibrinogen, the of the sample was found to be i}*08 mg. equi- 
phosphate concentration being always ilf/12. The valent to 0*211 ml. Therefore the Ig uptake of the 
Ig consmnption was determined after 1 hr. The re- serum proteins = 1*72 ml./mg. N, vdiich is a little 
suiting curve approximates to a straight line. The lower than the value for fibrinogen (2*64 mi./mg.K), 
approximately linear relationship and the close 

agreement observed with duplicates (Fig. Ic) sug- denaturahon on the reducing properties 

gest that the reaction might be used for the deter- fibrinogen 

mination of fibrinogen. When the oxidation pro- Mirsky & Anson [1936] found that denaturation 
ceeded for only | hr., the graph tended to become of proteins increased their reduction of ferricyanide. 
parabolic. This was not foimd with the Ig reduction by fibrino- 

The results obtained with Ig (inliibition by KI, gen (Table 2). The fibrinogen was denatured in a 
rapid increase in the amount of Ig reduced, with water-bath at when an increase in the reducing 
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Table 2 

A. Effect of denaturation on the inducing 
properties of fibr inogen 


Incubated 
at 56° 

Insol. N 

A/200 Ig 
reduced 

A/200 HgOg 
reduced 

min. 

mg. 

ml. 

ml. 

0 

0*000 

1*167 

0*372 

0*5 

0*022 

1*174 

— 

2 

0*252 

1*195 

0*366 

5 

0*325 

1*194 

0*355 

10 

— , 

1*143 

0*322 

36 

0*322 

1*094 

— 

60 

— 

1*038 

0*200 

240 

» — 

0*847 

— 


(HgOa consumption for 5 hr. and for 2 ml. fibrinogen 
solution (1*0 mg. fibrinogen N). uptake determined at 
25° for 1 hr. for 1 ml. fibrinogen solution (0*5 mg. fibrino- 
geiiN).) 

B. Effect of denaturation on the reducing 
properties of plasma 


Temp. 

A/200 lo consumed 

° C. 

Jnl. 

25 

0*955 

40 

0*956 

60 

0*957 

80 

1*113 

100 

1*179 


(Plasma diluted 1 : 25 with HgO and exposed to the 
raised temperature for 5 min. Ig consumption in 1 hr. at 
25° was determined for 1 ml. of the diluted plasma.) 

value of not more than 2 % occurs in the first 5 min. 
After prolonged heating, the reducing value falls 
rapidly, but this was due to a decrease in the rate 
of reaction, since no difference between the de- 
natured and native fibrinogen was found when the 
I 2 uptake at equilibrium (12 hr. oxidation) was 
determined. Similar results were obtained when 
H 202 , was used, but there was no evidence of any 
increase in the reducing value, which shows a 
gradual but definite decrease from that of native 
fibrinogen. In view of the unstable nature of 
fibrinogen, it was of interest to see if atmospheric 
oxygen had any effect on the reducing prof)erties 
of the protein. ISTo differeirce between the reducing 
properties of samples of fibrinogen kept in Ng or in 
O 2 could be detected, even after prolonged incu- 
bation at 56°. 

The effect of alkali and acid, to which fibrinogen 
is very sensitive, was tested on the reducing pro- 
perties of the protein. Samples of the protein were 
kept 24 hr. at 25° at various pH levels, and their 
ig consumption at pH 6*6 was then determined. 
There was very little effect, however, so that this 
lability is not associated with or accompanied by 
a change in the reducing groups. 

While denaturation has little effect on the re- 
ducing properties of fibrinogen, it definitely in- 
creases the reducing power of plasma, as shown in 


Table 2B. 3 ml. of water were added to 1 ml. of a 
1 : 25 dilution of plasma and the tube was placed 
in a water-bath at the desired temperature for 
5 min. The tube was then cooled, 1 ml. phosphate 
buffer and 1 ml. Ig added, and the Ig consumption 
after 1 hr. determined. There is no increase in the 
Ig consumption after heating at temperatures below 
80°,' i.e. the denaturation of fibrinogen causes no 
increase in the Ig consumption. On heating to 100°, 
where denaturation of the serum proteins will occur, 
there is a definite increase (20%) in the Ig con- 
sumption. 

Changes in the reducing power of fibrinogen 
during clotting 

To 5 ml. solution (0*880 mg. fibrinogen N in Jf/lO 
phosphate buffer) was added 0*1 ml. of a crude 
thrombin solution (0*021 mg. N). After 10 min., 
when a firm clot had formed (fibrin N = 0*564 mg.), 

1 ml. N 116 I 2 was added and the amount of Ig re- 
duced after 1 hr. determined. For the clot this was 
1*18 ml., while for the fibrinogen and thrombin it 
was 2*244-0*065 = 2*30 ml. This result indicates less 
reduction by the fibrin but does not distinguish a 
slower rate of reaction from a lower reducing power. 
Therefore, the amounts of HgOg and Ig reduced by 
the time equilibrium had been attained (30 hr.) were 
determined. To 5 ml. solution containing 1*0 mg. 
fibrinogen N was added 0* 1 ml. thrombin solution 
(0*01 mg. Parke, Davis thrombin). After 3 hr. 
(fibrin N = 0*762 mg.) 1 mi. A‘/50 HgOg was added. 
0*903 ml. A'/200 HgOg was reduced after clotting, 
compared with 0*819 ml. for the fibrinogen control. 
This represents an increase of 0*110 ml./mg. of fibrin 
N, i.e. 13%. In a similar experiment with Ig , the 
amount of Ig reduced after clotting (fibrin ]Sr = 
0*362 mg., original fibrinogen ]Sr = 0*478 mg.) was 
1*818 ml., that of the fibrinogen control, 1*812 ml. 

The reducing power of fibrin at equilibrium was 
more accurately determined with commercial beef 
fibrin (Table 3). 10 mg. samples were weighed out 

Table 3. The reduction of ^2 

by fibr in 


Time 

A/200 HgOg 
reduced 

Time 

A/200 Ig 
reduced 

hr. 

ml. 

hr. 

ml. 

6 

1*390 

1*3 

3*32 

12 

1*792 

3 

3*83 

17 

1*810 

3*5 

3*86 

20 

1*808 

7*5 

5*13 

24 

1*898 

19 

5*57 

28 

1*695 

24 

5*26 

36 

1*841 

27 

5*95 

40 

1*870 

29 

5*95 


(10 mg, fibrin = 1*401 mg. N.) 


on the micro -balance and 5 ml. ih/20 phosphate 
buffer and 1 mi. HgOg or Ig solution added. The 
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average values for tlie amount of A/200 H 2 O 2 and 
I 2 reduced at equilibrium- were 1*823 and 5*57 ml. 
This gives values of 1*301 and 3*98mL/mg. N. The 
previous values found for fibrinogen were 0*855 and 
-'3*42 ml., so that the increase in reducing power is 
equivalent to 0*446 ml. HgOg and 0*56 ml. I 2 . The 
increase in reducing power is approximately the 
same with the two reagents but, owing to the more 
extensive oxidation by Ig , the increase with this 
reagent is a much smaller percentage of the total 
titration and hence the experimental error is in- 
creased accordingly. The increase is equivalent 
to half the reducing power of fibrinogen for 

These high concentrations of Ig and HgOg appear 
to have little effect on the activity of thrombin. 
Further, after oxidation of fibrinogen with HgOg, 
the addition of thrombin still results in a normal 
clot. The product resulting from the action of Ig on 
the protein, however, is not clotted by thrombin, 
although thrombin still attacks it. The more ex- 
tensive oxidation by Ig evidently interferes with the 
gel properties of fibrin, since no clot is formed by 
the thrombin and the altered fibrin is merely 
precipitated. 


The reduction of hy non -prote in substances 

under the conditions tested 

As a possible indication of the nature of the re- 
ducing groups of fibrinogen, 20 mg. of various sub- 
stances were weighed into flasks, and 1 ml. of ikf/4 
phosphate buffer and 4 ml. water added; I ml. of 
A/75 H 2 O 2 was then added, the flask shaken for 
28 hr., and the excess HgO 2 titrated (Table 4). 

Table 4. Reduction of by various substances 


A/200 H 2 O 
reduced 
ml. 


Substance 

(20 mg. unless otherwise indicated) 

Z-Tyrosine 

Z-Tryptoplian 

2-Methyi- 1 :4-naphthoqmnone 

2-Methyl-l:4-nap!ithohydroqumon© 

Glucose 

u-Bimethyiamino-benzaldehydo 

Casein 

Fibrinogen 

Cysteine HCl (1*0 mg.) 

Ascorbic acid (0*1 mg.) 


Tyrosine did not reduce H202- Tryptophan, glucose 
and vitamin K showed slight activity but this was 
very small compared with that of fibrinogen. 
Cysteine was more active 6ian fibrinogen, but on 
the basis of these reduction figures fibrinogen would 
contain 15 % cysteine and fibrin 22%: values re- 
ported for the cysteine content of fibrin are from 


. 1*5 to 3*7 % [Jordan Lloyd & Shore, 1938]. This 
suggests that cj^-steine is not responsible for the 
reduction by fibrinogen, and it seems reasonable to 
assrmie that the reducing group will not be more 
than 5% of the protein. The high reducing power 
of the active group is shown bjr the fact that only 
ascorbic acid gave a reduction of this order. 

DISCUSSION 

The characteristic reaction of fibrinogen with iodine 
appears to indicate a fui’ther example of the non- 
sulphydryl reducing groups of proteins studied by 
Alirsky & Anson [1936] and more recently by 
Bowman [1941 a, b] and ascribed by them to the 
tyrosine and tryptophan residues of the protein. 
Mirsky & Anson studied the reduction of ferri- 
cyanide by edestin, serum globulin, egg albumin 
and gelatin. There appear to be marked differences 
between the reaction studied by them and that 
reported here, although the same group appears to 
be involved. They found that their reaction was not 
clearly defined, for even when the ferricyanide con- 
centration was 30 and 50 times that reduced by the 
protein, the amount reduced still depended on the 
ferricyanide concentration. This is in marked con- 
trast to the present results, which show a clearly 
defined bimolecular reaction. Also, they found little 
reduction of the ferricyanide unless the protein had 
been denatured. Fibrinogen reduces no more HgOg 
or I 2 after denaturation than before, although de- 
natured serum proteins do show an increase in 
reduction. Bowman observed the reduction of Ig 
by the chorionic gonadotropic hormone, and foxmd 
that the reaction was inhibited by KI, and that the 
presence of phosphate markedly and specifically 
accelerates the reaction. The fibrinogen used in the 
above experiments was dissolved in phosphate 
buffer. Bowman found that in the presence of 
phosphate, tyrosine reduces I 2 very rapidly at room 
temperature, the reaction being influenced by KI 
and pH in the same way as the reduction by protein. 
But tr;^q)tophan may be equally responsible for the 
reducing power, since under the same conditions 
tryptophan shows equally strong reducing pro- 
perties. 

The results with HgOg indicate, however, that 
fibrinogen contains another reducing group with 
much stronger reducing properties than tyrosine or 
trjq)tophan. This group reduces HgOg at jpH 5-7. 
Further, there is an apparent increase in the number 
of such groups in the protein on conversion of the 
fibrinogen to fibrin. The nature of this group is 
unknown, cysteine and ascorbic acid being the only 
simple substances tested %Fhich show similar re- 
ducing power; but the negative nitroprusside reac- 
tion and the quantitative relationsliips found sug- 
gest that the former is not responsible. 
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SUMMARY 

The action of H’gOa and I 2 on fibrinogen has been 
studied. Fibrinogen in phosphate buffer solution 
reduces these substances rapidly at 25° and pH 6-6. 
The reaction with I 2 is associated with the aromatic 
residues of the protein. The reducing power of 
fibrinogen is not changed by denaturation, but the 
reducing power towards HgOg is increased on con- 
version to fibrin. 


The substance of this paper was presented before 
the meeting of the Division of Biological Chemistry 
of the American Chemical Society at Detroit, 
jMichigan, 13 x4.pril 1943. 

The author is greatly indebted to Prof. .0. H. Best for 
his kindly interest in the problem. The study was com- 
pleted with the siii)port of the John and Mary R. Markle. 
Foundation. 
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The Vitamin Content of Potatoes 

By jane A4EIKLEJOHN, DepaHment of Soil Microbiology, Bothamsted Experimental Station, Harpenden 


(Received 3 April 1943) 


The use of the mould Phycomyces blaJcesleeaniis as a 
test organism for estimating vitamin was first 
worked out by Schopfer & Jmig [1937 b]. The fimgus 
responds to such small quantities of the vitamin 
that the method is the most sensitive known; on 
this account it was adapted for estimating the vita- 
min Bi content of hmnan blood by A. P. Meiklejohn 
[1937] and Sinclair [1938; 1939], The method 
has been used to estimate vitamin B^ in plant 
materials by several American workers [Burkholder 
& McVeigh, 1940; Robbins, 1939; Bonner & Erick- 
son, 1938]. It has the advantage, as compared with 
other methods, of requiring such small samples of 
plant material that it can be used to study the 
distribution of the vitamin in a single plant or part 
of a plant. 

This paper deals with the use of the Phycomyces 
method for estimating the vitamin Bj content of 
potato tubers, and with variations in the vitamin 
content and its distribution in the potato plant. 

’ METHODS 

The method employed was an adaptation, for use with 
plant material, of the method for blood estimations worked 
out by Meiklejohn and Sinclair. It consisted essentially in 
the comparison of the growth of Phycomyces in cultures 
containing potato samples with a dose-response curve ob- 
tained from a series of control cultures containing known 
amounts of the vitamin. 


“ Medium. The Phycomyces cultures were grown in 60 ml, 
conical flasks; each flask contained 4 ml. of a mixture of 
equal parts of the following solutions in distilled water: 


Glucose (A.R.) 


Equal weights of 
solid and water 
4 g./lOO ml. 

1-5 g./lOO ml. 

0*5 g./lOO ml. 


Asparagine (recrystallized) 

KHoPO^CAR.) 

MgSO^, 7 H 2 O (A.R.) 

The volume of liquid in each flask was made up to 10 ml. 
by the addition of vitamin solution and distilled water, 
or distilled water only. 

Control cultures. A range of 12 control cultiu'es was set 
up in every experiment, containing the following amounts 
of vitamin B^ in 10 ml. liquid: none, 0*05, 0*1’*", 0*15, 0*2*, 
0*25, 0*3*jLig., and excess (2*5 or 5ftg.) (quantities marked * 
in duplicate). A solution of vitamin Bj containing l g.g./mi. 
was freshly prepared for each experiment from a stock 
solution in 75% ethanol (pH 4*5) kept in a refrigerator. 
The required volume of the dilute solution was added to 
medium and water in each flask, immediately before the 
adjustment of the pH. 

Potato samples. The size of sample was designed to give 
a reading in the central part of the dose-response curve. 
Preliminary experiments showed that, for potato, samples 
of between 0*1 and 0*2 g. were correct. According to the 
amount of vitamin expected, samples were taken of 0*1, 
0*15, or 0*2 g. ( ilO mg.), in triplicate from each tuber, or 
part of a tuber, to be tested, by taking out cores with a 
small cork borer and cutting off the required length. Skin 
samples were taken by removing the corky skin and cutting 
a thin slice bff the exposed surface, and sprout and leaf 
samples by cutting off a small piece. All samples were 
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quickly weighed and immediately blanched by putting 
them straight into the liquid medium in the culture flasks, 
which were held at a temperature of SO-lOO® in a steamer. 

Bterilization, iiii culture flasks were sterilized by steam- 
ing for 45 mill, on 3 successive days. Just before the second 
steaming, the dilute vitamin solution was added to the 
control flasks ; some of the potato cultures received excess 
vitamin as well, and this was added at the same time, the 
pH of the liquid in all flasks being brought to 6*4 with 
if/20 hlaOH. The potato samples were broken up with, a 
glass rod. 

Inoculation mil incubation. Stock cultures of P. blokes- 
leeanus (sex - ) were maintained on dextrose-peptone-malt 
agar, and also on the experimental liquid medium, with 
potato and excess vitamin B^ . Inocula were made, normally 
from a liquid culture, by removing the aerial mycelium 
and stirring it in sterile distilled water. 1 ml. of the re- 
sulting spore suspension was pipetted into each culture 
flask. The flasks were incubated 12-16 days in the dark at 
room temperature. 

Drying and weighing of fungus. At the end of incubation 
the mats of Phycomyces mycelium were removed from the 
culture flasks, washed 3 times in tap and once in distilled 
water, dried for 2-3 hr. at 100° and weighed to 0*1 mg. 

Calculation of results 

A dose-response curve was constructed from the 12 con- 
trol cultures in every experiment by plotting the dry weight 
of mycelium in mg. (or the average of duplicates) against 
the logarithm of the amount of vitamin (pg.) in each 
culture. The curves' were always S -shaped, and the middle 
part, corresponding to 0T-0-25p.g. vitamin B^, was very 
nearly a straight Ime [of. Sinclair, 1939]. The amount of 
vitamin in the potato samples was calculated by reading 
from the curve the figure corresponding to the dry weight 
of fungus from each sample flask. The results are expressed 
as ftg. vitamin BJlOO g. fresh weight of potato. 

BESULTS 

A. Comparison with thiochrome method. The Phy- 
comyces method is open to one serious theoretical 


objection; Schopfer & Jung [1937a] showed that 
the fungus responds to the pyrimidine and thiazole 
halves of vitamin if they are supplied together, 
as well as to the intact vitamin. It was therefore 
thought advisable to check the fungus method by 
comparing it with the thiochrome method as de- 
scribed by Pyke [1939]. The results of 3 com- 
parisons on tubers of the variety Majestic are given 
in Table 1 ; the figures obtained by the 2 methods 
are of the same order in each case. This makes it 
reasonably certain that vitamin itself, and not 
its decomposition products, was being estimated by 
the fungus method. 

B. Variations during growing season. In both 
1941 and 1942, at intervals during the growing 
season, between July and late September, tubers 
were dug from plants in the same field and assayed 
for vitamin B^. In 1941 the material was obtained 
from Spalding, Lincolnshire, by Mr P. H. Gregory ; 
the two varieties Majestic and King Edward, grow- 
ing in adjacent fields, were sampled by taking 
1 tuber from each of 4 plants of each variety for 
each determination. In 1942 the material was ob- 
tained from a plot on the Bothamsted farm planted 
with Scottish seed Majestic; 2 tubers were taken 
from each of 2 plants at each sampling. Three cores 
were taken from the middle of each tuber. 

From Table 2 it will be seen, first, that the sam- 
ples are reasonably constant in vitamin content ; 
the standard errors of the mean values for each 
sample are small enough to permit a valid com- 
parison between samples. 

Secondly, the vitamin content of the tubers 
of both varieties increases continuously during the 
growing season. The figures for Majestic show that 
the increase continues up to the time when main- 
crop potatoes are usually lifted, and also show a 
very good agreement between parallel samples in 


Bate 

April 1942 
May 1942 

July 1942 


Table 1. Comparison of methods for estimation of vitamin 

Vitamin B^ 


fe./lOOg.) 

A 




/ 

Fungus 

Thio- 

Nature of material 

Comparison 

method 

chrome 

Stored tubers 

Bifferent tubers of same batch 

76 

61 ' 



76 

72 

Seed tubers (sprouted) 

Biflferent tubers of same batch 

57 

54 



46 




78 


Freshly dug young tuber 

Both tests on same tuber 

51 ' 

67 


Table 2. 


Bate of digging 

18. vii.41 
9. viii. 41 
8. ix. 41 
25. ix. 42 :,; 


Variations in vitamin content of tubers dug in summer 


Majestic 1§41 
(pig./lOOg.) 

61 ±1*6 
74-8 ±3-9 
91-3 ±4'6 
141-3 ±8-7 

Eacb. figure is the mean of 12 determinations: 3 cores each ft’om 4 tubers. 


King Edward 1941 
(jUg./lOOg.) 

63-1 i4-0 
67 ±2-1 
, 77-3 ±7-4 


Bate of digging 

20. vii. 42 
12. viii. 42 
15. lx. 42 ■ 


Majestic 1942 

(;ug./100g.) 

55-6 A 4-7 
75*6A: 0-1 
135-7 i 10-2 
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Table 3. Effect of storage and spfvuting on vitamin content of ^^otatoes 





No. of 

Vitamin B^ 


No. of 

Vitamin 

Date 

Where stored 

Variety 

tubers 

(/xg./lOO g.) 

Variety 

tubers 

(jag./lOO g.) 

25. ix. 41 

Crop as lifted 

Majestic 

4 

141-3 ± 8-7 

Doon Star 

4 

163 ±12-5 

2. i. 42 

Rothamsted 


3 

162-2 ±13-0 



■ 




Sutton 1 
Bonington) 


3 

138-2 dz 12-3 

— 


— 

5. ii. 42 

Rothamsted 

Majestic 

4 

112-4±22-2 

King Edward 

4 

46-7 ± 7-8 



(sprouted) 



(sprouted) 



00 

Sutton ] 








Bonington) 

99 

4 

99-9 ± 8-5 

>> 

4 

73-7 ± 4-4 

7. V. 42 

Scottish seed fully 

99 

3 

61-8± 7-0 

— 

— 



sprouted 


1941 and 1942, King Edward tubers would appear 
to have a lower vitamin content than Majestic 
tubers. 

C. Effect of storage. During the winter and spring 
of 1941-2, samples were taken from tubers stored 
in two places : at Kothamsted, where they were kept 
in paper bags on the laboratory floor, and at the 
Midland Agricultural College, Sutton Bonington, 
on trays in a well -ventilated storehouse. The cores 
for vitamin determinations (3 or 4) were again 
taken from the centre of each tuber (Table 3). 

There certainly is a loss of vitamin B^ from the 
centre of the tuber during storage, and apparently 
the greatest loss takes place in spring, after the 
tubers have begun to sprout. It may be conjectured 
that the greater part of the loss is due to sprouting, 
and not to storage per se. This conjecture is sup- 
ported by the gradient in sprouting tubers (see 
Section D). Unfortunately there are not many 
results from stored material, and the material in 
some cases varied considerably in vitamin Bj con- 
tent. This is particularly so in the case of the 
Rothamsted -stored Majestic, as is shown by the 
high standard error. 

D. Distribution in the plants. Gradients. It was 
thought possible that there might be a movement 
of vitamin into the rose end of a sprouting tuber, 
which would result in a gradient in vitamin content 
within the tuber. At different times of year, there- 
fore, tubers were cut into 3 parts: the rose end, a 

Table 4. Distribution of vitamin 
within single tubers 


Vita- 

min 

Condition of (jag./ 


Date 

Variety 

tuber 

Position 

100 g.) 

May 

Majestic 

Fully sprouted 

Heel 

38-4 



seed 

Middle 

77-8 




Rose 

67-7 

Oct. 

; Majestic; 

Freshly dug, 

Heel 

97-9 



no sprouts 

Middle 

101-7 



Rose 

120-1 

Oct. 

Majestic 

Freshly dug, 

Heel 

117-8 



no sprouts 

Middle 

209-9 



Rose 

165-7 


middle slice (which is the part usually taken for 
sampling), and the heel end. Cores were taken from 
the 3 parts separately for determinations (Table 4). 

There is consistently less vitamin in the heel end 
than in the rest of the tuber, but the evidence for a 
gradient cannot be regarded as satisfactory. There 
is, however, a very much higher content in sprouts 
than in the middle of the tuber, as is shown in 
Table 5. (These figures were obtained from white 
sprouts only, as green sprouts showed a curious 
anomaly, which is discussed in a later section.) 


Table 5. Sprouts compared with centre 

of tuber 


Vitamin 

Vitamin 


Bj in 

Bi in 


sprouts 

tuber 


im-l 

{PB-I 

Date Variety 

100 g.) 

100 g.) 

Jan. Majestic 

174 

128 

Feb. Majestic 

149 

20 

Feb. King Edward 

250 

53 


There was always less vitamin in the layer im- 
mediately under the corky skin than in the centre 
of the tuber ; comparisons on different single tubers 
are given in Table 6. The skin layer, however, was 
always found to show adjuvant action; This is 
fmther discussed in a later se’ction of this paper. 


Table 6 . Shin compared with centre of tuber 




Vitamin 

Vitamin 



Bj^ in 

Bi in 



centre 

skin layer 

Date 




Variety 

100 g.) 

100 g.) 

Jan. 

Majestic 

179 

22, 

Feb. 

Majestic 

206 

9 



76 

10 

Feb. 

King Edward 

24 

21 


49 

18 

May 

Majestic 

78 

33 

There is 

a very marked gradient of vitamin con- 


tent in growing potato plants; in June 1942 two 
seed tubers of Majestic which had been planted a 
month previously were dug up and assayed together 


! 
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with the small plants growing from them, which 
were tlien about 4 in. above the ground. Samples 
were taken from the heel, middle and rose ends of 
the seed tubers, the white stem below ground, and 
from the small leaves at the top of the stem. 
Sampling from 2 whole plants was repeated -in 
July, when the tops were about 18 in. high. In 
this case samples were taken, from the middle of 
2 newly developed tubers, from an internode 
half-way up the stem, from the blades of a lower 
leaf, and from the terminal bud and the small leaves 
round it. The averages of 3 determinations at 
each point are given in Table 7. 

Table 7. Gradients in vitamin content 
in growing plants 

Vitamin Bj 


(/^g./IOOg.) 


Bate 

.Part of plant 

Plant A 

Plant B 

8 June 

Planted seed tuber: heel 

25 ■ 

27 


middle 

39 

24 


rose 

47 

40 


White stem below gromid 

103 

93 


Foliage — small leaves 

>1200 

>1200 



Plant C 

Plant B 

20 July 

Young tubers — ^middle 

53 

51 


Green stem — ^internode 

78 

41 


9 

9 


Lower leaf — blade 

129 

153 


Terminal bud and leaves 

>285 

>115 


round it 




In June the planted seed tubers have their highest 
vitamin content in the rose end; the stem has a 
rather larger content, and the value for the tops is 
enormously high. The amount of mycelial growth 
in the cultures on foliage was so large as to be right 
off the curve; the true vitamin content can only 
be guessed at. In July stems contain very little 
vitamin and leaves a good deal; but even the ter- 
minal buds do not approach the enormously high 
figure for J ime foliage. 

E. The presence in potato of adjuvant factors for 
the growth of Phycomyces. Phycomyces responds to 
other growth factors than vitamin B^; Schopfer & 
Jung [19376] said that it requires ‘une constellation 
de facteurs auxogenes.’ Sinclair [1938] described 
the ‘adjuvant action’ of blood; blood and vitamin 
Bi supplied to the fungus together produced more 
growth than the sum of the two separately. He 
attributes this action to a combination of causes, 
notably the buffering action exerted by blood, and 
its nitrogenous constituents. 

In every experiment reported in this paper some 
cultures were grown on potato and excess vitamin, 
to test for the presence of adjuvant action; such 
action, shown by excess growth over the sum of 
potato and vitamin cultures separately, was ex- 
hibited by tuber material only in the cases shown 
in Table 8. 


Table 8. Potato tubers shmving adjuvant oxtion 
in vitamin test 


Bate 

Variety 

Condition of tuber 

1941 

June 

Majestic 

Fully sprouted seed 

July 

Majestic 

Freshly dug, newly formed 

Aug. 

Majestic 

Freshly dug, newly formed 

1942 

x4pr. 

King Edward 

From store, sprouted 

J une 

Majestic 

Seed, 1 month planted 

July 

Majestic 

.Freshly dug, newly formed 

Aug. 

Majestic 

Freshly dug, newly formed 


Mature tubers, from September to April, never 
displayed any adjuvant action, nor did seed pota- 
toes at the time of planting in 1942. Samples of 
skin layer (see Table 6) always showed a marked 
action, but the factor was not present in sprouts. 
Stem from growing plants (Table 7) showed ad- 
juvant action in 2 cases, but leaves never did. 

The adjuvant factor in potato apparently ope- 
rated only in presence of excess vitamin B^ , as is 
shown by the experiment reported in Table 9, in 
which parallel sets of cultures were set up, 1 with 
a range of concentrations of vitamin B^ alone 
(column A), a 2nd with the same range of vitamin 
concentrations plus potato samples taken from a 
single tuber (colimm B), and a 3rd set containing 
samples from the same tuber without added vita- 
min (colmnn C). The increased growth due to the 
addition of potato (B -A) is no larger than that 
produced by potato alone, except in the presence 
of excess vitamin (2*5 mg.). 


Table 9. Growth of f ungus with potato alone 
and on potato plus vitamin 


i ■ 

Fungus 

Fungus 



growth 



growth 

with 



with 

vitamin 


Vita- 

vitamin 



min 

Bj only 

potato 


supplied 

(i^g*) 

(mg.) 

Biff. 

te) 

A 

B 

(B-A) 

0*05 

18*2 

51*7 

33*5 

0*1 

31*2 

72*2 

41*0 

0*2 

57*2 

87*8 

30*6 

0*3 

69*2 

103*2 

34-0 

2*5 

89*2 

155*6 

66*4 


Growth 

with 

potato 

alone 

(mg.) 

C 

36*8 

42-0 

39*2 

36-8 


Adju- 

vant 

action 

None 

None 

None 

None 


As the adjuvant factor only api^ears to^ operate 
after the need of the firngiis for vitamin has been 
satisfied, it was not allowed for in calculating the 
results [cf. Sinclair, 1939], as it was assumed.^ that 
the vitamin supply was acting as a limiting fiietor 
under the conditions of the experiment, so that the 
growth of the fungus was in fact a measure of the 
vitamin present. 

The adjuvant action of potato does not appear 
to be due to the same causes as that of blood; it is 
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not due to buffering ; cultures with and without 
potato both reach a pH value of 4*0 at the end of 
incubation. Neither is it due to nitrogenous com- 
pounds; in the absence of asparagine, potato and 
excess vitamin give very little growth as compared 
with blood and excess vitamin. This is seen in 
Table 10, which also shows the additive effect of 
potato and blood when supplied together; this is 
further evidence that the factors in potato and 
blood are distinct. 


Table 10. Growth of mycelium on blood 
and on potato 

Growth of mycelium 





( 


^ 

Excess 


Additions to medium 


growth in 


r 

: 

\ 

Aspara- 


presence 

Vita- 




of both 

min Bj, 

Potato 

Blood 

gine 


factors 

(A'g-) 

(g-) 

(ml.) 

(mg.) 

(mg.) 

(mg-) 

5 

— 

— 

40 

77 

— 

— 

0-15 

— . 

40 

38 

— 

— 

— 

1 

40 

29 


5 

0-15 

— 

40 

121 

6 

5 

— 

1 

40 

136 

30 

„ 5 ■■ 

Odo. 

1 

40 

188 

44 

5 

0-15 



— 

12 

■ — 

5 


1 


115 



I . It is possible that the adjuvant action of potato 

observed in these experiments is due to the ‘factor 
Z' described by Robbins [1939]. It is interesting 
in this connexion that royal j elly from a queen bee 
cell, which has been reported to be rich in panto- 
thenic acid [Pearson & Burgin, 1941] had' no 
stimulating action whatever upon P, hlaheslee- 
anus, either in the presence or absence of excess 
vitamin . 

F. The anomalous action of green sprouts. White 
sprouts from potatoes kept in the dark (Table 5) 
were found to have a high vitamin content. All 
attempts to repeat this work on green sprouts, 
however, failed completely. In presence of green 
sprouts the fungus did not grow at ail; there was 
no visible mycelium, and the pH of the medium 
was unchanged. A second inoculation of fungus 
( spores into the same flask failed l&e the first. It 

seems likely, to judge from the high vitamin B^ 
content of white sprouts and young leaves, that 
green sprouts also have a high content, but this 
; cannot be proved, because of their toxic action on 

j the fungus.' 

i It was thought that the toxic action might be 

' due to the solanine in the sprouts; accordingly 

solanine and solanidine were supplied to the fungus 
under a variety of conditions, but with very little 
: effect. 2 mg. solanine produced a slight diminution 

■ of growth, but smaller quantities no effect at all; 

the same was true of 4 mg. and smaller quantities 


of solanidine. There was only one exception: in a 
single case complete inhibition of growth occurred 
in a culture containing white sprouts and 2 mg. 
solanine. It cannot be pretended that the toxic 
action of green sprouts is explained, but it may be 
noted that the thiochrome method also failed on 
green sprouts; the pepsin digest, which was coffee- 
coloured, gave no thiochrome reaction at all. 

DISCUSSION 

The vitamin B^ content of potato tubers is im- 
portant from the point of view of nutrition, as 
sources of this vitamin are somewhat restricted in 
a war-time diet. It appears from this work that 
matiue tubers of the variety Majestic have a 
vitamin B^ content, in autumn, of about 140 pg./ 
100 g. On this basis a daily ration of 12 oz. of 
potatoes, if properly cooked in their skins, would 
supply 470 gg. of vitamin, or nearly half the usual 
estimate of the daily requirement of the vitamin 
(1 mg.). Potatoes, which are eaten by the great 
majority of people, are at any rate not a negligible 
source of the vitamin, particularly in the autumn 
and winter months. 

The vitamin B^ content of the young tubers in- 
creases continuously during the growing season; 
from this fact, and from the very high vitamin con- 
tent of potato leaves, it can be presumed that the 
vitamin is synthesized in the leaves in summer and 
transferred to the young tubers as they grow. In 
winter the vitamin apparently remains in the tuber 
till sprouting begins, wh en it moves out of the centre 
of the tuber into the sprorfts ; but further evidence 
is needed on this point. 

It is interesting to note that, in contrast to 
ascorbic acid, which is usually concentrated in the 
skin and adjacent layers of fruits and A^^egetables, 
vitamin B^ in potatoes is concentrated in the centre 
of the tuber rather than in the skin. 

The adjuvant action, which is due to some factor 
or combination of factors not fully explained, ap- 
pears in tubers only in certain definite physiological 
states, e.g. in old fully sprouted, and young de- 
veloping, tubers, between April and August. Ad- 
juvant factors in potato have previously been 
described [Robbins, 1939], but information is lack- 
ing as to the age or physiological state of the tubers 
from which they 'were extracted. It can definitely 
be said that the adjuvant action of potato is due to 
a different cause from that of blood, but the factor 
responsible cannot be identified with any previously 
described. 

SUMMARY ■ 

1, The Phycomyces method of estimation is valid 
for determining the amount of vitamin B^ in 
potatoes. 
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2. The vitamin content of Majestic tubers at 
the time of lifting (September) is about 140 /xg./ 
100 g. 

3. During the growing season the vitamin 
content of tubers increases continuously up to the 
time of lifting of inainerop potatoes. 

4. The vitamin content of stored tubers falls 
during the winter and spring; the greater part of 
the loss takes place in spring, and is apparently 
due rather to sprouting than to storage, especially 
as white sprouts have a higher vitamin Bj content 
than the tuber which produces them. 

5. The vitamin B^ content of young potato 
leaves is very high. 


6. An adjuvant factor of undetermined nature 
is present in the centres of tubers between April 
and August, and always present in the skin 
layer. 

7. Green sprouts completely inhibit the growth 
9 f the fungus. 
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The question of amino -acid analysis became one of 
increasing importance in this laboratory during 
1933, when the isolation of proteins from various 
forage grasses had been successfully accomplished 
and evidence for their content of the dietetically 
essential amino -acids was deadly desirable. 

Work has continued without interruption since then, but 
at times progress has been slow on account of the laborious 
nature of many of the incidental investigations that we 
have felt called upon to undertake. During the. first two 
'years some preliminary studies of the better-known methods 
for base and dicarboxyhc acid analyses were made by Miller 
[1935; 1936]; these served to emphasize the large amount 
humin formation that attended the hydrolysis of our 
relatively impure leaf products, and little further progress 
was made until the origin of this humin had been satis- 
factorily established by Bailey [1937] and Lugg [1939]. 
The observation that cystine and, to a lesser extent, 
tyrosine can condense, like tryptophan, with the furfural 
derived from, pentosan-like impurities during acid hydro- 
lysis to form humin led Lugg, in continuation of work 
started in Adelaide, to investigate the reliability and limi- 
tations of the better-known indirect methods for estimating 
these three amino-acids, and also methionine [cf. Lugg, 
1939]. Meanwhile, Tristram [1939] had explored the appli- 
cability to these impure leaf proteips of the Block small- 


scale gravimetric method of base analysis ; progress had 
been made in an attempt to improve the Foreman method 
of dicarboxylic acid analysis; and the separation of the 
monoamino-acids by the Dakin-Fischer methods had been 
explored. With the experience thus gained it was possible 
to carry out partial amino-acid analyses of a series of 
protein preparations from forage crops [cf. Chibnall, 1939]. 

At this stage in our wnrk w^e were not specifically inter- 
ested in obtaining strictly quantitative values for the 
dicarboxylic acids and bases, for such a refinement was 
considered unnecessary in view of the some^^’hat impure 
nature of our leaf products; aU that we had set out to 
attain was an analysis for each product comparable, from 
a nutritive point of view, with those already in existence 
for many seed and animal proteins. During 1936-S how- 
ever Bergmami & Niemann reported partial analyses of 
several proteins, and on the results of these they formulated 
certain stoichiometric laws governing protein structure. 
Two of the proteins they had selected for consideration, 
egg: albumin and haemoglobin, had already been submitted 
to "dicarboxylic acid analysis in this laboratory, and our , 
results, which we were fairly certain were still several per 
cent too low, were higher than theirs and definitely not in 
keeping with the general conclusions they had drawn. 
Moreover, in agreement we believe with many others, we 
were not satisfied with the values they had assigned to the 
molecular weight of the average amino-acid residue. 
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In 1938 therefore it was decided to attempt to perfect 
our analytical methods for the dicarboxylic acids and the 
bases so as to obtain values which we could feel were 
reliable to 2% or less. In this we have been as successful 
as we could reasonably expect, and our investigations, 
which are stiU in progress, wiU be reported in later papers. 
Meanwhile the bearing that these new results have on the 
structure of the proteins concerned has been discussed in 
a recent lecture [Chibnall, 1942], and the interpretation w^as 
based in part on a value for the molecular weight of the average 
amino-acid residue computed from data which include, inter 
alia, the total N of the protein. As it is essential that this 
latter value be accurately determined we were led to the 
investigations reported in the present communication. 

On reviewing the more recent literatrire dealing 
with the preparation and analysis of proteins we 
found that in many instances the recorded value 
for the total N of the protein concerned was signi- 
ficantly lower than that accepted by earlier re- 
putable analysts such as Osborne and Sorensen, 
and the disagreement was especially marked in the 
case of egg albumin. Now it is common Imowledge 
that the two above-mentioned workers used me- 
thods of analysis which they had proved by ex- 
perience were reliable, and the implication that the 
work of the later investigators might be untrust- 
worthy needed demonstration, for the position left 
us not only in doubt as to the value to be used in 
the computation of the average residue weight, but, 
as will be discussed later, it shook our confidence in 
the results of many of the more recent amino -acid 
analyses of protein hydrolysates and physico- 
chemical studies of proteins in solution. 

Osborne invariably determined N on the air-dried 
sample, as he found that, in general, the anhydrous 
material was too hygroscopic to be handled without 
special precautions. For the Kjeidahi analysis he 
used about 0- 1 g. protein, 20 mi. HgSO^ and a drop 


of mercury, the heating being continued for 4-5 hr. 
after clearing and the oxidation completed by 
adding a few small crystals of KMn 04 immediately 
after the gas to the burner had been turned off. 
Sorensen <fe Hoyrup [1915-17] took for analysis an 
amoimt of egg albumin solution corresponding to 
not more than 20 mg. protein-N and digested this 
with 20 ml. H 2 SO 4 , 5 g. K 2 SO 4 and 50 mg. Cu wire. 
The digest cleared in 2-4 hr. and the heating was 
continued for a further 5 hr. The still boiling liquid 
was then oxidized by adding cautiously I* 5 g. of 
dry pulverized KMn 04 in 3 equal lots. Both these 
protein chemists therefore found from experience 
that prolonged heating of the digest was necessary 
for an accurate analysis. 

In recent years there has been a natural desire to 
shorten the time period of digestion and this has 
led to the introduction of new catalysts such as 
selenimn, its dioxide, or metallic selenates, all of 
which have been shown to be very effective in pro- 
moting the rapid oxidation of many forms of or- 
ganic-N [cf. Bradstreet, 1940]. These modifications, 
often applied on a micro-scale, have been shown in 
many instances to give a satisfactory recovery of N 
if the heating be continued for less than 1 hr. after 
clearing, and the notion that the time lag inherent 
in the older methods had been thereby overcome 
has no doubt been fostered by the undoubted suc- 
cess that has attended most of the rapid micro - 
methods of organic analysis introduced by PregL 
When these modified Kjeidahi methods are applied, 
however, to many materials of biological origin 
(e.g. wheat, flour, seeds, etc.) there is no absolute 
check on the results obtained, and in the protein 
and amino -acid field the uncritical acceptance of 
their trustworthiness is apparent from the data 
collected in Table 1 and the discussion which follows. 


Table 1 . Nitrogen content of certain proteins, as recorded in the literature 

(Ail values are calculated on an ash-free and moisture-free basis; those in parentheses indicate the ranges with different 
samples. K indicates Kjeldaiil analysis; B, Dumas analysis.) 



Protein 


Total N (%) 


Egg albumin, heat coagulated 

Egg albumin, heat coagulated 
Egg albumin, native protein 
Egg albumin, heat coagulated 
Egg albumin, heat coagulated 
Egg albumin, native protein 
Egg albumin, native protein 
Egg albumin, heat denatured 
Pepsin, twice recrystallized 

Pepsin 

jS-Lactoglobulin, recrystallized 
jS-Lactoglobulin, 4 times recrystallized 
^-Lactogiobulin, thrice recrystallized 
jS-Lactoglobulin, thrice recrystallized 
j8-Lactoglobulin 


K 15-55 {15-51-15-59) 
D 15-6 (15-57-10-63) 
K 15-71 (15-61-15-83) 
K 15-60 (15-61-15-59) 
K 15-16 

K 15-12 (15-03-15-23) 
K 15-44 (15-1-15-7)* 
K 15-36 (15-2-15-6)* 
K 15-27 

K 13-95 (13-8-14-1) 

D 14-8 (14-63-14-83) 
K 15-4 
K 15-3t 
K 15-14, 15-26} 

? 14-35 
K 15-6 
K 15-6 


* Banges of repeat analyses of 1 sample. 


f Arnold Gunning method. 


Beference 

Osborne & Campbell [1900] 


Vickery & Shore [1932] 

Taylor, Adair & Adair [1932] 
Jones & MoeUer [1928] 

Cal very [1932] 

Hendrix & Dennis [1938] 
Hendrix & Dennis [1938] 
Bernhardt [1940] 

Northrop [1939] 

Calvery, Block & Shock [1936] 
Palmer [1934] 

Pedersen [1936] 

Winnick [1942] 

Cannan [private communication] 
Sorensen & Palmer [1938] 

} Qunning-Pregl micro-method. 




Osborne & Gampbell [1900] made 4 prepara- 
tions of what they considered to be pure coagulated 
egg albumin and obtained concordant values for 
total iST by both the Kjeldahl and Dumas methods 
(Table 1 ). Sorensen & Hoyriip [1915-17] discussed 
the precautions necessary to obtain a maximum 
value by the Kjeldahl method for the protein -N 
present in an (]SrH 4 ) 2 S 04 solution of the recrystal- 
iized protein, and concluded (p. 181) that ‘The 
factor by which the weight of protein nitrogen has 
to be multiplied to give the weight of the egg 
albumin dried over solid potassium hydroxide in 
vacuo at indoor temperature is nearly equal to 6*4 
and this does not apply solely to soluble crystal- 
lizable egg albumin, but also to denatured egg 
albumin and eventual middle terms between these 
two substances’, A factor of 6-4 corresponds to 
15'63 % N. More recently Vickery & Shore [1932] 
have obtained a mean value of 15-71% N for 3 
samples of thrice recrystallized protein, while 
Taylor, Adair & Adair [1932] record a mean value 
of 15-60% N for 2 samples of protein that had 
been crystallized 7 times. In contrast to these 
high values, which show reasonable agreement, 
there are others, much lower, which exhibit con- 
siderable irregularities. All these latter appear to 
have been obtained from samples of recrystallized 
egg aibrunin, or of heat-coagulated products derived 
from them ; hence one is led to infer that either the 
analytical procedures employed must have been 
faulty or the workers concerned have not realized 
that the anhydrous products are extremely hygro- 
scopic. Cal very [1932] analysed many preparations 
of the coagulated protein and recorded a mean 
value of 15-12 % (Table 1). Rather surprisingly 
this result is referred to later [Cal very, Block & 
Shock, 1936] in the following terms: ‘It has been 
previously definitely established that the nitrogen 
content of crystalline egg albumin when dried at 
103-110° and corrected for ash is 15-4 %.’ Hendrix' 
& Dennis [1938] made a very large number of 
of 2 samples of crystalline protein, and 
also of denatured products obtained from them by 
the action of dilute alkali, dilute acid and by 
. Sorensen & Hoyrup’s technique was em- 
ployed, and the products were dried to constant 
t in vacuo at 110° before analysis. The results 
in each case exhibited considerable irregularities 
and were submitted to statistical treatment. The 
for the native proteins are given in Table 1 ; 
those for the alkali-denatured (2 samples), acid- 
denatured and shaking-denatured products, were 
15-21, 15*05, 14*86 and 14-95% K respectively. 
Robinson & Hogden [1941] determined the per- 
centage ISr in 66 samples of heat-coagulated proteins 
from blood serum by a micro -method using SeOCl 2 
as a catalyst, the heating being continued for only 
20 min. after clearing. Their analyses were made on 


material dided to constant weight, and the difficulty 
of dealing with this on account of its hygroscopic 
natui’e was admitted; the results ranged from 15-4 
to 16-2% with a mean of 15-78% N. No control 
analysis of a standard protein of known N content 
was recorded. The above citations are by no means 
exhaustive. A search of the literature covering the 
last 15 years, the period during which the micro - 
Kjeldahl method has come more and more into 
general use, reveals many instances in which in- 
vestigators have recorded the results of amino -acid 
analyses in terms of percentage weight of protein, 
the values being admittedly based on a determina- 
tion of total hydrolysate -N. In these cases it is rare 
to find any mention of the mode of preparation or 
of the purity of the protein used; all too often its 
N content is not recorded and no indication is given 
of the procedure by means of which the hydro - 
lysate -N was determined, except perhaps a simple 
statement that the micro -Kjeldahl method had 
been employed. The results given below illustrate 
the magnitude of the errors which may be incurred 
if insufficient attention be -given to what is one of 
the simplest of analytical procedures. 

EXPERIMENTAL 
Protein samples analysed 

'Egg albumin. We have to thank Prof. R. K. Caiman for 
2 samples of thrice recrystallized material [Kekwiok & 
Cannan, 1936]. The coagulated protein was prepared in the 
following way. 160 g. of air-dried material, containing 
26-5% Na 2 S 04 , were dissolved in 1-51. H 2 O and poured 
slowly, with vigorous stirring, into 15 1. HgO at 90°, The 
coagulated protein was filtered off on a Buchner funnel, 
the mass removed from the paper, stiiTed up with 15 1. 
HgO at 90° and again filtered. The washing was repeated, 
first with 15 1. HgO at 90° and then successively with 2-3 1. 
cold HgO until the last few filtrates were free from sulphate. 
The product was next washed with ethanol and ether, 
dried at 70°, ground to a fine powder and passed through 
a small-meshed sieve. The final product sampled repro- 
ducibly for moisture after storage in a bottle at room 
temperature for 2 years. 

Edestin. This was -prepared from freshly ground hemp 
seed in the usual way and twice recrystallized from hot 
5% NaCl solution [Bailey, 1942]. 

Amandin. This globulin is of interest as it gives on 
hydi-olysis an unusually high percentage of amide-N. 
Osborne & Campbell [1896] record a mean value of about 
19-3 % N by the Dumas method, but Osborne [1910] in a 
later review recalled tfiat earlier workers such as Ritthausen 
found only about 18*7% and gave it as his opinion that 
19*3 % was probably a little too high and suggested 19*0% . 
We have to thank Dr Vickery for a sample of this protein 
prepared from almond seeds in 1915 by Mr Leavenworth. 

It contained, ash- and moisture -free, 18-66% N. The pro- 
duct, as was to be expected after the lapse of so many 
years, left a considerable insoluble residue when extracted 
with salt solution, and as we %vcre anxious to obtain good 
crystalline material for various purposes purification was 
effected in the following way on the advice of Dr K. Bailey. 
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50 g. protein, 6-25 g. NaCl, 125 nlL HgO and 6-25 ml. 
ethanol were ground to a paste in a mortar. iV714 NaOH 
was then added with stirring until the mixture was just 
blue to thymol blue (glass electrode pH 7* 8-8*2). The 
volume was next adjusted to 1250 ml. with H2O, the 
mixture brought to 25° and shaken gently without frothing 
for I hr., care being taken to ensure that all sticky particles 
had been dispersed. The mixture was then filtered 3 times 
through pulp that had been washed with distilled water. 
The filtrate , was clear, and some insoluble dark brown 
material was left on the pad. Nj 10 HCl was added to the 
filtrate with rapid stirring until there was a definite sign 
of turbidity, and the solution then carefully adjusted to 
pH 6*3. At this stage the precipitate was not bulky and 
consisted of denatured protein, as shown by adding NaCi 
to a test sample and gently warming. The mixture was 
filtered on a well-washed pad, and to the clear filtrate was 
added with stirring 1/10 vol. of 95% ethanol, A white 
bulky precipitate appeared, which redissolved on warming 
to 35°. The clear solution was now cooled rapidly with 
stirring to 0°, left for 1 hr. at that temperature and the 
separated crystalline material centrifuged off as rapidly as 
j>ossible in cooled cups. The paste thus obtained was stirred 
up with about 3 times its volume of 10% acetone, cooled 
to 0° and again centrifuged. The product was washed twice 
wdth 50 % ethanol, 3 times with absolute ethanol, and then 
3 times with acetone, being filtered off the last time and 
sucked free from all extraneous solvent. The final product 
w^as dried in vacuo. The yield was 18 g. 

Haemoglobin. We have to thank Prof. E. J. Cohn for a 
sample of horse carboxyhaemoglobin prepared in November 
1938 by Singher and Morro of the Harvard Medical School. 
It had been thrice recrystaUized, heat coagulated and 
washed free from chloride. As received the product con- 
tained a small amount of fibrous material, undoubtedly 
filter pulp, which was removed by sifting. 

^-Lactoglobulin. We have to thank Prof, R. K. Caiman 
for two 50 g. samples. The twice recrystallized protein had 
been coagulated by heat, washed free from inorganic salt 
and dried through ethanol and ether. 

Excelsin. We have to thank Hr K. Bailey for a sample 
of the recrystaUized protein [Astbury, Dickinson & Bailey, 
1935]. 

Casein. This was prejoared by the method of Cohn & 
Hendry [1923], except that the solution was clarified by 
filtration through paper pulp instead of being passed 
through a Sharpies centrifuge. 

Insulin. A crystaUine sample was obtained from Boots 
Pure Drug Company Ltd., Nottingham. 

Fepsin. We have to thank Dr J. St L. Philpot for 2 
smaU samples of crystaUine material. 

Methods oj analysis 

Moisture and ash contents of proteins. The material for 
analysis was first finely ground in an agate mortar. Eor 
the determination of the moisture content a sample was 
dried in an oven at 102° to constant weight [Brand & 
KasseU, 1942]. In general this was attained in 3-5 hr. and 
the further loss on heating overnight did not exceed 0*1 %. 
The ash content was determined by heating a sample of* 
the air-dried material in a muffle at 550-600° to constant 
weight. : 

Kjeldahl incineration. Na selenate was first used as a 
Kjeldahl catalyst in this laboratory in 1935, and our note- 
books show that prior to the present investigation, which 


was started in 1938, we had made use of a digestion mixtui-e 
. consisting of 20 ml. H2SO4, 10 g. K3SO4 and 25 mg. Na 
selenate. In addition 0*65 g. CUSO4.5H2O was occasionally 
added. The recorded results for good recrystaUized edestin 
were 18*4 ±0*1% N, and for coagulated egg albumin 
15*3 ±0*1% N. When we decided in 1938 to make an 
amino-acid analysis of these two proteins the difference 
between our values and those quoted by Osborne came 
into sharp focus and we realized that our analytical methods 
needed overhaul. The trouble was finaUy traced to the . 
short period of digestion (2-3 hr. after clearing) we had 
been employing and the foUowing procedure was found, 
after a long trial of many, including those of Osborne, 
Sorensen, Pregl (HgS04), and Peters & Van Slyke [1932], 
to give the most satisfactory results with proteins and 
protein hydrolysates. 

Our experience confirms that of Osborne and many others 
that oven-dried proteins are too hygroscopic for convenient 
handling, and we have invariably used air-dried material 
if sufficient wore available for a separate determination of 
the moisture content. The sample for analysis, which should 
not contain more than 10-15 mg. N, is weighed out in a 
smaU glass flat-bottomed cup, stoppered if there be need 
to dry to constant weight. After weighing, the cup is 
dropped carefully into a long-necked 250 ml. Kjeldahl flask 
in such a way that no j)rotein is scattered; about 5 ml. 
HgO followed by 20 ml. N-free H3SO4 are added and the 
mixture boiled gently on the stand until charring com- 
mences. The flask is then removed from the stand, cooled 
slightly and 5 g. catalyst mixture added. The latter is pre- 
pared by grinding to a fine j)owder 80 g. K2SO4, 20 g. 
CUSO4.5H2O and 0*34 g. Na selenate. The flask is then 
returned to the stand and the contents gently boiled. The ^ 
digest clears in 15-30 min. and the heating is continued 
fairly vigorously for another 8 hr. or, if convenient, over- 
night. The cooled digest is finally -made up to standard 
volume and an aliquot withdrawn for NH3 estimation. It 
is essential, of course, that control blanks for the complete 
procedure be carried out at frequent intervals. In the 
case of protein hydrolysates an aliquot containing about 
0*1 mg. N is withdrawn and incinerated in the usual micro - 
Kjeldahl tube, using 2 ml. acid and 0*5 g. catalyst mixture. 
The procedure then follows that given above, except that 
the whole digest is used for the NH3 estimation. 

Van Slyke, Hiller & Dillon [1942] have recently drawm 
attention to the difficulty of determining the N content of 
lysine by Kjeldahl analysis. According to our experience 
low values will always be obtained with this amino-acid 
unless the digest is boiled much more vigorously than is 
necessary when dealing with a protein rich in lysine such 
as lactoglobulin. Using a sample of dLlysine monohydro- 
chloride which gave 15*28% amino-N in 30 min. we have 
obtained a theoretical recovery of N under our usual con- 
ditions provided that the digest is boiled briskly on an 
electric heater for about 12 hr. Using a gas burner the 
recovery is irregular (95-100%) and it is advisable to, add 
Hg0i2 to the catalyst mixture (32 mg./g.). A theoretical 
recovery of N can then be obtained in 4-5 hr.; in 2 hr. 

[cf. Weissman & Schoenheimer, 1941] wo obtained 98*5%. 

We confirm the finding of Vickery (private communication) 
that histidine requires 8 hr. digestion for a theoretical re- 
covery of N. In our experiments wdth casein and egg 
albumin (see Table 2) we obtained 15*3% N for each 
protein when the digest wms heated for no longer than 
J- hr. after clearing. Similar results were obtained wffien 
using the digestion mixture of Campbell & Hanna [1937]. 
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Lysine (especiaiiy) and histidine are no doubt responsible 
for the much longer heating period required to obtain a 
maximum recovery of ,N. 

Estimation of ammonia. The usual Pregl micro-distillation 
apparatus was used. Haack micro- burettes, graduated to 
0*05 ml. and reading accurately to 0*01 ml., were used for 
the iV770 NaOH and HCl respectively. The latter was made 
up in 20% ethanol with Tashiro’s indicator according to 
.the directions of Conway & Byrne [1933]. 

DISCUSSION 

A summary showing the reproducibility of our re- 
sults is given in Table 2. It will be seen that our 
values for egg albumin are in agreement with those 


and anhydrous pepsin, on the contrary, are ex- 
tremely hygroscopic and we have found .it con- 
venient to use the air-dried material. Although 
only small amounts of crystalline pepsin were avail- 
able we have had no difficulty in obtaining com- 
parable results by the Kjeldahl and Dumas methods 
(cf. Northrop ’s results given in Table 1), When 
sending the 2 samples of this protein Dr Philpot 
informed us that they might contain, as is usual, 
some non-protein-N ; we mention this because a 
somewhat higher value for total N (15*4%) has 
been recorded by Calvery, Herriott & Northrop 
[1936]. Crystalline enzymes and protein hormones 
are usually isolated in small amount after an exten- 


Table 2. Nitrogen content of mrious proteins 
(Values given in parentheses indicate the ranges of analysis; D indicates Dumas analysis.) 


Protein preparation 
Egg albumin, native protein A 
Egg albumin, heat coagulated A 

Egg albumin, heat coagulated B 
Edestin, Sample A 
Edestin, Sample B 
jS-Lactoglobulin 
Casein 
Excelsin 

Amandin, Sample A 
Amandin, Sample B 
Carboxyhaemoglobin (horse). Sample A 
Insulin 

Pepsin, Sample A 
Pepsin, Sample B 

of Vickery & Shore, and slightly exceed those of sive procedure, so that the investigator naturally 
Osborne and of Sorensen : we find also, in corffirma- begrudges the material that must be allocated to 
tion of Sorensen, that there is no significant differ- elementary analysis. We think it timely therefore to 
ence in the values for the native and the heat- issue awarning that such products, when anhydimis, 
coagulated protein. We would tentatively suggest are likely to be extremely hygroscopic and need 
that the lower and irregular values recorded by special precautions in handling. During our invest! - 
Hendrix & Dennis [1938] are due in large part to gations of egg albumin we sent samples of the heat- 
the fact that they worked with anhydrous material, coagulated product to a firm of micro -analysts for 
In our attempts to do this we have invariably found determination of the moisture content by di’ying at 
that both the native and heat-coagulated proteins 100° in vacuo. The results, obtained by what we 
are so hygroscopic that 2~3 % of moisture are taken believe to be a standard proeedm*e, ranged from 6 to 
up if the sample is exposed for only a few minutes 7 % , whereas we had ourselves obtained 11 % when 
in a desiccator that has been recently opened to the the product was dried at atmospheric pressiue for 
air of the laboratory; in other words, the anhydrous 4 hr. at 102° in a weighing bottle, the stopper of 
products have desiccating properties and compete which was replaced before removal from the oven, 
with the desiccant for any water vapour present. In general, it will be seen that our results confirm 
Anhydrous edestin does not exhibit this peculiarity the higher values recorded by earlier authorities 
to such a marked degree and we note that Hendrix who used macro -methods. Our value for amandin 
& Dennis’s value for this protein ( 18*70 % N) is in ( 18*76 %) is in keeping with Osborne’s siumise that 
excellent agreement with Osborne’s and our own. his own, determined by the Dumas method, was a 
Anhydrous insulin [cf. Miller & du Vigneaud, 1937 ] little too-high. In the case of excelsin we had only 


Air-dried material 


Moisture 

Ash No. of 

N, moisture- and 

content 

content deter- 


ash-free, 

0/ 

/o 

% minations 


0/ 

/o 

13*3 

26*5 

8 

15*76 

(15*69-15*80) 

11*0 

0*44 ^ 

IZ 

15*76 
D 15*72 

(15*71-15*79) 

(15*69-15*84) 

9*8 

0*5 

7 

15*74 

(15*67-15*81) 

11*2 

0-05 

7 

18*65 

(18*62-18*70) 

IM 

0*2 

6 

18*70 

(18*66-18*76) 

6*7 

0*28 

6 

15*58 

(15*53-15*67) 

10*2 

0*75 

8 

15*73 

(15*72-15*75) 

8*4 

0*1 

4 

17*94 

(17*84-18*02) 

9*3 

0*1 

2 

18*77 

(18*76, 18*78) 

8*1 

0-94 

2 

18*75 

(18*71, 18*78) 

12*7 

— 

2 

16*80=^ 

' (16*82, 16*78) 

10*0 

1*24 

2 

15*54 

(15*53, 15*54) 

10*87 

1.2 j 

1 

1 

14*95 
D 14*7 

9*94 

1-2 ] 

fl 

1 

14*78 
D 14*83 



* Asb not deducted. 
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a small amount available and it was necessary to 
analyse the anhydrous material. The. values ob- 
tained show wider variations than we expect when 
using air -dried material and we see no reason to 
doubt the slightly higher value (18*17%) reported 
by Osborne & Harris [1905] for a sample of good 
crystalline material. Taken as a whole our results 
demonstrate that in recent years many investi- 
gators, whose interests have naturally been focused 
on the main aspects of their research, have tended to 
regard the determination of protein -N as a simple 
matter demanding no special precautions and have 
paid insufficient attention to the technique of, 
Kjeldahl analjT-sis, These findings are disturbing, for 
it is becoming more and more customary in amino - 
acid analysis, especially when only small amounts 
of protein are available, for the investigator to 
employ what he regards as moisture -free material, 
or alternatively, to take an unknown amount of the 
air-dried product and compute the weight of mois- 
ture-free and ash-free protein from a determination 
of total IsT in the hydrolysate, using as a conversion 
factor Osborne’s or some other value for the N 
content of the protein. The latter procedure is 
clearly at the mercy of the Kjeldahl analysis, and 
if the technique employed leads to a low result the 
computed weight of protein is in error, as must also 
be the results of all subsequent amino -acid estima- 
tions. .A similar criticism will apply to physico- 
chemical studies of proteins in solution, wherein the 
amount of protein present is computed from a 
Kjeldahl analysis of an aiic^uot. 


SUMMARY 

1 . Attention is drawn to the fact that in recent 
years many protein chemists have been employing 
a technique fof the Kjeldahl estimation of ISF in 
proteins and protein hydrolysates which gives low 
results; this is especially true if micro -methods have 
been used. Instances are cited in which recorded 
values for the N content of proteins are significantly 
lower than those obtained by earlier authorities 
such as Osborne & Sorensen. 

2. It is shown that these low values are due to 
two causes : { 1 ) The digestion period has been too 
short: with proteins and protein hydrolysates it is 
necessary to continue the heating for 8 hr. or more 
after the digest has cleared. (2) Certain proteins 
(e.g. egg albumin, pepsin and insulin), when an- 
hydrous, are so hygroscopic that they cannot be 
handled without special precautions ; moisture and 
N contents therefore should be determined, when- 
ever possible, on separate samples of aif-dried 
material. 

3. Using the* technique described the following 
values have been obtained for the N content of the 
moisture- and ash-free protein : egg albumin (native 
and coagulated), 15*76%; edestin, 18*7%; jS-laeto- 
globulin, 15*58%; casein, 15*73%; amandin, 
18*75%; insulin 15*54%; horse carboxyhaemo- 
globin (moisture- but not ash-free), 16*8%. 

We are indebted to the Agricultural Research Council 
and to the Imperial Chemical Industries for their support 
in this research. 
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The lime -ethanol method of Foreman [1914a] for 
the estimation of aspartic and glntamic acids in 
the products of protein hydrolysis has found wide 
application, and in the hands of later workers has 
undergone various modifications in detail. Foreman 
recited the conditions that he considered necessary 
for the quantitative precipitation of the dicarboxylic 
acids as their Ca salts from the amino -acid mixture 
obtained by hydrolysing the protein with HCL He 
pointed out that cystine and tyrosine, as well as 
small amounts of chloride and basic material might 
also be carried down. The lime-ethanol precipitate 
was separated by filtration, dissolved in water, 
Ca++ removed as oxalate, Cl- as AgCl and basic 
substances with phosphotungstic acid. The excess 
of the latter and any 804“ was next removed with 
baryta, the clarified solution taken to dryness and 
then extracted with glacial acetic acid. The two 
dicarboxylic acids remained insoluble and were esti- 
mated by differential analysis for C, H and IST. The 
acetic acid extract contained any pyrrolidonecar- 
boxylic acid formed from glutamic acid during the 
various treatments applied, as well as other pro- 
ducts, and the former was estimated by the increase 
in amino -N following strong HCl hydrolysis. In an 
addendum to his paper he stated that in the light 
of subsequent work [Foreman, 19146] he believed 
that if the temperature for all processes of concen- 
tration was kept below 45° the amount of pyrrbli- 
done formation would be reduced to a negligible 
amount. 

Dakin [1918; 1920; 1923] hydrolysed the protein 
with H2SO4 , removed the mineral acid with baryta, 
extracted the monoamino -acids with butanol and 
tfeen precipitated the dicarboxylic acids under the 
Foreman conditions as their Ba salts, glutamic acid 
subsequently being isolated as the hydrochloride, 
and aspartic acid via the Pb salt. Jones & Moeller 
[1928] applied the Foreman method direct; in most 
cases they used the Ba salts and found it necessary 
to make a preliminary precipitation with, phospho- 
tungstic acid to prevent the Ba dicarboxylates 
being heavily contaminated with basic material. 
These latter workers, who isolated the glutamic acid 
as the hydrochloride and aspartic acid as the Cu 
salt, found that in most cases it was necessary to 
repeat the original precipitation of the Ba salts to' 


free the mixed products from monoamino -acids such 
as glycine and tyrosine. Calvery [1931] followed 
the general procedme of Jones & Moeller and 
pointed out that losses might be incurred if the 
monoamino -acids were removed by a preliminary 
extraction with butanol, as recommended by Dakin. 
The results of all these workers showed a marked 
improvement over those obtained by the older ester 
method of Fischer. 

In this laboratory some preliminary dicarboxylic 
acid analyses of cocksfoot protein were made by 
Miller [1936]. The Dakin procedure for reasons not 
then apparent gave low results, while that of J ones 
& Moeller was by no means satisfying, for much of 
the H in the Ba precipitate remained unidentified. 
More systematic investigations of the products ob- 
tained from various proteins by HCl hydrolysis were 
started the following year to ascertain the respec- 
tive merits of the Ca and Ba salts, the best condi- 
tions for the first and repeat precipitations with 
ethanol, and details of teclmique for the isolation of 
glutamic acid as its hydrochloride and of aspartic 
acid as its Cu salt. These were followed by an 
analysis of myosin [Sharp, 1939], which demon- 
strated the superior selectivity of the Ca over the 
Ba salts when precipitated in the presence of much 
basic-N* and confirmed Calvary’s finding that a 
preliminary extraction with butanol to remove 
monoamino -acids may lead to loss of dicarboxylic 
acids, indicating that the precise conditions under 
which this extraction can be successfully applied 
are not readily defined. Using the experience thus 
gained, reasonably satisfactory dicarboxylic acid 
analyses were made of a series of protein pre23ara- 
tions from forage crops [Chibnail, 1939]. On the 
completion of this latter work we were free to devote 
our attention to the more interesting problem 
[Chibnail, 1942; Chibnail, Rees & Williams, 1943] 
of perfecting our methods of analysis so as to obtain 
results for both aspartic acid and glutamic acid 
which we could be reasonably certain were accurate 
to about 2 % . 

* In a private communication to one of us (A. G. C.) 
Mr Foreman stated that in 1914 he was aware of the 
superior selectivity of the Ca salts and that his choice was de- 
liberate, The contrary opinion of Town [1941] was based on 
experiments with gliadin, which contains very little basic-N* 
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EXPERIMENTAL 

We analysed a number of proteins of known purity 
by the procedure then in current use in this labo- 
ratory. The protein (40-50 g.) was hydrolysed with 
20% HCl and then passed twice in succession 
through the lime -ethanol treatment, using each 
time an aqueous volume of 400 ml. and 9 vol. of 
95 % ethanol. Glutamic acid hydrochloride and Cu 
aspartate were then separated alternately until no 
more crystalline material could be obtained from 
the mother liquor. The lime-ethanol treatment, 
followed by separation of the crystalline derivatives, 
was then applied another 2 or 3 times, generally 
from aqueous volumes of 100, 25 and 20 ml. respec- 
tively. Later we made an analysis of various normal 
and malignant tissue proteins, and in the published 
account of that work the above-mentioned pro- 
cedure was described in some* detail [Chibnall, Rees, 
Williams & Boyland, 1940]. 


acid hydrochloride and Cu aspartate are being re- 
moved alternately, the salting out of the former is 
hindered by the CaClg present and the product is 
often contaminated with a small amount of CaS 04 . 
These difficulties, which can be overcome by treat- 
ment, would not arise when working to the original 
conditions of Foreman, as he removes both Cl- and 
at an early stage; nevertheless according to 
our experience the removal of these ions should foe 
delayed until the maximmn amount of Cu aspartate 
has been separated, otherwise heavy losses of as- 
partic acid may be incurred on account of the 
insolubility of Ag and Ba aspartates. 

2. The Cu salt of natural d{ -f ) -aspartic acid 
crystallizes from water in clusters of ffine blue 
needles; these can be washed with cold water and 
dried via ethanol and ether, when they attain a 
constant air -dry weight in a few hours. The mois- 
ture content, determined by heating to 130° for 
3 hr., is 29*4 %, corresponding to 4-5 HgO, and if the 


Table 1. Aspartic and glutamic acid content of some proteins 
Total N" New analysis Literature 


Total N 
ash.” and 

New analysis 

A 



moisture- 

r 

Glutamic 

Aspartic 

Glutamic 

Asparti( 

free 

acid 

acid 

acid 

acid 

% 

% 

% 

0/ 

/o 

% 

15*72 

20*7 

6*14 

21*6 

4*1 

15*72 

20*7 

6*10 

— 

— 

18*65 

18*6 

10*55 

19*2 

10*2 

18*65 

19*36 

10*95 

— 

— 

16*65 

5*83 

8*03 

3*5 

6*4 

15*75 

14*0 

7*02 

14*0 

6*1 


Casein (1) 

Casein (2) 

Edestin (1) 

Edestin (2) 

Cattle haemoglobin 
Egg albumin (2) 


The results given in Table 1 show that the 
method we were then using for the estimation of 
aspartic acid was superior to those hitherto em- 
ployed, but that we had affected no improvement 
in the estimation of glutamic acid. Oiu cumulative 
exjierience nevertheless convinced us that both 
these estimations were still far from being quanti- 
tative, as will be apparent from the following 
observations : 

1. When the precipitated Ca salts are redissolved 
in water Ca++ cannot be removed quantitatively 
unless an extended treatment be applied. This is 
due to the fact that at the stage prior to the addition 
of lime (which generally contains traces of sulphate) 
the hydrolysate consists of a mixture of amino -acid 
hydrochlorides, and on precipitating the Ca salts 
Cl“, roughly equivalent to about 20-30% of the 
HCi present according to our experience, is carried 
down presumably in the form of the additive com- 
pounds noted by Anslow & King [1927] and by 
Cannan & Kibrick [1938]. Consequently on subse- 
quent removal of Ca++ as oxalate a stage is ulti- 
mately reached when the regenerated HCl prevents 
further precipitation of Ca oxalate and CaClg re- 
mains in solution. At a later stage, when glutamic 


Authority 
Dakin [1918] 

Jones & Moeller [1928] 

Bergmann & Niemann [1937] 
Calvery [1931] 


atmospheric humidity is low this may fall to about 
28*5% but not lower. Adequate data in support of 
this statement, which confirms the early work of 
Ritthausen [1869] and of Hofmeister [1877], will be 
given in a subsequent commimication, and it may 
be pointed out here that heating the air-dried salt 
at 140—150° to constant weight, a procedure em- 
ployed by Abderhalden & Weil [1911] to demon- 
strate that it contained 5 H 2 O, leads to decomposi- 
tion. We are unable to Substantiate the claim of 
Bergmann <fc Niemann [1937] that when the air- 
dried salt is heated for 6 hr, at 105° the moisture 
content is reduced to 15* 62 % , equivalent to 2 H 2 O. 
(Found: moisture 14*4, 14*9%.) The Cu salt of 
racemic aspartic acid crystallizes in fine needles of 
the same habit and colour as the natmal salt and 
has about double the solubility of the latter in 
water (30 mg./lOO ml.) at 20° : air-dried it also con- 
tains moisture ec|ui valent to 4*5 HgO. When pure 
the blue colour of both the air-dried salts has a 
characteristic violet tinge that persists even when 
the material is finely ground. In the many dicar- 
boxylic acid analyses that have been discussed 
above it was seldom that products of this purity 
were obtained without resort to recrystallization 
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aiid in this respect oiir experience appeared to be 
similar to that of Jones & Moeller [1928], who 
mention that the moisture content of their air-dried 
products often varied from the equivalent of 4-5 
HyO. Under the microscope our products showed 
the presence of irregular nodular masses as well as 
the typical needles of Cu aspartate, and the greater 
the proportion of the former the less did the colour 
of the finely ground material match that of pure 
Cu aspartate. Table 2 gives the analysis of two such 
products, Cu and Y being determined on the an- 
hydrous material . 

Table 2. Characteristics of some 
Cu-aspartate fractions 




HoO 

Cu 

. N 

Sample 

Colour 

/o 

% 

% 

(1) From edestin 

Bull blue 

27*8 

32*6 

7*35 

(2) From edestin 

Bull blue with 

22*0 

29*7 

7*59 

distinct greenish 
tinge 





(3) Pure air-dried 

Blue -with violet 

29*4 

32*7 

7*19 

Cu aspartate 

tinge 





Sample 1 might well be regarded as pure, yet on 
recrystallization under appropriate conditions some 
impurity was removed. In the analyses quoted in 
Table 1 it has been necessary to recrystallize all the 
samples of Cu aspartate except the first two main 
crops from each hydrolysate of casein. The rejected 
material contained Cu aspartate however and the 
quoted values for the aspartic acid content of pro- 
teins concerned must have been low. To appreciate 
the .steps which led to the recognition of this im- 
purity, and its avoidance in later work, it is neces- 
sary to recite briefly the method in use at the time 
for the separation and purification of the Cu as- 
partate. 

When the solution of mixed amino -acids re- 
covered from the lime-ethanol precipitate, or of the 
mixed hydrochlorides obtained from them after a 
preliminary removal of glutamic acid hydrochloride, 
was treated at the boil with excess CuCOg, a fine 
scum of varying shades of olive and grey green was 
generally the first product to separate. If this 
occurred before the removal by filtration of the 
excess CuCOg the Cu aspartate that crystallized out 
from the filtrate on cooling was fairly pure, as in 
sample 1 (Table 2). More often, however, the 
scmn did not separate imtil after filtration, and 
very occasionally it was possible to remove this by 
another filtration before crystallization of_the Cu 
aspartate. The scum thus removed was always 
green and in some cases, especially when small end 
fractions were being dealt with, it often contained 
traces of yellowish material. Usually, however, the 
scum and aspartate separated together and in the 
case of end fractions very impuie products were 
thereby obtained, as in sample 2 (Table 2). This 



particular sample was dissolved in hot water with 
the aid of a few drops of HCl, boiled with excess 
CuCOg and filtered hot. The filtrate, as it cooled, 
deposited a green flocculent precipitate which was 
removed and washed in the usual way. The yield 
was 18*3% and, dried at 100°, the product con- 
tained 29*9% Cu and 7*6% organic-S. This latter 
finding gave us at once the clue to our difficulty, 
for it suggested that during the lime-ethanol treat- 
ment cystine was undergoing dismutation [Lavine, 
1936] to give the sulphinic or sulphonic acid, per- 
haps also cysteic acid, all of which dibasic acids give 
insoluble Ca salts under these conditions. Our ex- 
perience with casein, which was a very pure sample 
containing only 0*24% cystine, tended to confirm 
this, for the first two large crops of Cu aspartate did 
not need recrystallization. It will be recalled that 
Foreman [1914a] showed that cystine would be 
precipitated under the conditions of his lime-ethanol 
procedure. To obtain further evidence we oxidized 
some cystine by the method of Friedmann [1903], 
using insufficient Br to effect a quantitative con- 
version to cysteic acid. On making the Cu salt 
according to his directions a scum separated at 
once from the hot filtrate, and on elutriating this 
with water we obtained a series of products ranging 
in colour from dull blue to olive and grey green, 
typical of those we had encountered in our dicar- 
boxylic acid analyses. 

3. Foreman mentioned that tyrosine would be 
precipitated with the Ca salts of the dicarboxylic 
acids and we accordingly made it a custom to re- 
move as much of this amino -acid as possible by 
direct crystallization at the stage immediately prior 
to the lime -ethanol treatment. Even so the material 
recovered from the Ca precipitate, after being 
worked over to remove the major part of the ghi- 
tamic and aspartic acids, would always yield small 
amounts of crystalline tyrosine on appropriate; 
treatment [cf. Chibnali et ah, 1940]. Moreover, the 
end fraction, from which no further amount of 
crystalline amino -acids or derivates could be sepa- 
rated, always gave a strong Millon test for tyrosine 
and also a strong Sakaguchi test for arginine. M'e 
had also noted that when these dicarboxylic acid 
fractions, after being reduced m vacuo to a small 
volmne, were concentrated on the water-bath in tlie 
presence of HCl to the incipient crystallization of 
glutamic acid hydrochloride some substance was 
decomposed to give small amoimts of KHg . It is 
possible, from the work of Damodaran & Barna- 
chandran [1941], that the substance concerned was 
serine, although our experience suggests that the 
free amino -acid is much more stable to hot strong 
acid than its phosphoric acid ester. Our final end 
fraction therefore, which reduced to an intractable 
syrup, must have contained tynosirie, arginine, 
serine and perhaps also its decomposition products. 
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as weli as cystine and its dismutation products. It 
is from these end fractions, not always as well 
attenuated as those obtained during the analyses 
referred to in Table 1, that certain earlier workers 
have isolated what they have believed to be 
hydroxyglutamic acid. As we show in Appendix 2, 
we encountered such products in a few of our earlier 
analyses, but these always yielded relatively large 
amounts of aspartic acid and sometimes of glutamic 
acid on appropriate treatment. 

Now as experience was gained during the course 
of this research the relative amount of N that re- 
mained in the dicarboxylic acid end fraction became 
progressively less, with an accompanying increase 
in the amount of aspartic acid isolated. The im- 
provement was due to the more effective removal 
of the various amino -acids mentioned above, whose 
presence can retard the crystallization of Cu aspar- 
tate. This salt is very insoluble in cold water, yet 
0*33 g. will dissolve readily when stirred into 100 ml. 
of water at 20° containing T9 g. of Cu serine. Such 
solubility effects illustrate the underlying fallacy of 
the so-called Brazier [1930] method for the sepa- 
ration of the products of protein hydrolysis. This 
method, in fact, was first suggested by Town [1928 ; 
1936; 1941] who has recently drawn attention to 
its limitations. 

All the above-mentioned observations convinced 
us that our final end fraction, though representing 
no more than about 1 % of the total protein-N, still 
contained aspartic acid and perhaps also glutamic 
acid, and the first problem ahead of us was the 
complete removal of cystine at an early stage, when 
the hydrolysate was still acidic, so as to prevent its 
dismutation during the lime -ethanol treatment. 

Removal of cystine as cuprous mercaptide prior 
to the lime-ethanol precipitation 

During the course of our research on the glutamic 
acid content of normal and malignant tissue pro- 
teins we had occasion to repeat some of the experi- 
ments of Kbgl <& Erxleben [1939]. These workers 
hydrolysed the tissue material with HGl and after 
removing the excess of acid in the usual way they 
clarified their hydrolysate by treatment with CugO, 
a reagent first introduced by Hlasiwetz So Haber - 
mann [1873], who found it very effective for the 
purpose and also a cheap substitute for AggO in the 
removal of the residual chloride. Certain of our 
hydrolysates clarified in this way were afterwards 
passed through the lime -ethanol procedure, and we 
observed that the various crops of Cu aspartate 
subsequently isolated were free from all traces of 
the scum mentioned earlier, were of high purity 
and did not need recrystallization. This suggested 
to us the possibility, which we found subsequently 
had already been demonstrated by Rossouw & 
Wilken-Jorden [1935], that the CugO, or more 
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correctly the CuaCig, was reducing the cystine to 
cysteine, which was then being precipitated as the 
cuprous mercaptide [Vickery & White, 1932]. At 
this time we already had in view an outline of the 
extended procedure that we hoped to apply to a 
dicarboxylic acid and base analysis of proteins, and 
Rossouw & Wilken-Jorden’s treatment for the re- 
moval of cystine was unsuitable for our purpose in 
that it would introduce reagents whose subsequent 
removal would present difficulties. The direct use 
of CugO -was accordingly investigated in some detail, 
the work being completed and the results apj^lied 
to edestin, egg albumin and zein before the publi- 
cation of a paper on somewhat similar lines by 
Lucas & Beveridge [1940]. 

A short account of the experiments leading to 
the procedure finally adopted is given in Appendix 1 . 
To effect the complete precipitation of the cystine 
as the cuprous mercaptide of cysteine it is necessary 
to add an excess of CugO, thereby bringing about 
an almost complete removal of HCl as CugClg and 
reducing the acidity of the hydrolysis mixture to 
about pH 3-5. As a result a small amount of the 
more insoluble monoamino -acids, viz. methionine, 
tyrosine and probably also leucine and phenyl- 
alanine, separate as such, or as copper com- 
plexes, and contaminate the mercaptide precipitate. 
Careful search, however, has shown that there is no 
loss of dicarboxylic acids or arginine. The new 
treatment has been applied to analyses of edestin, 
egg albumin and ^-lactoglobulin, full details of 
which are given in a later paper [Chibnall et al,^ 
1943]. As was to be expected, there was a great 
improvement in the purity of the Cu aspartate 
subsequently isolated, and only very occasionally 
has it been necessary to recrystallize the product 
before satisfactory analytical data could be ob- 
tained. In these analyses a more complete removal 
of the interfering monoamino -acids such as tyrosine 
and serine carried down in the initial precipitate of 
the Ca dicarboxylates was effected by applying the 
third and subsequent lime -ethanol treatments from 
a larger aqueous volume than had been our custom 
in the past. 

The results for edestin and egg albmnin are given 
in Table 3 under the heading ‘ 1st complete lime- 
ethanol treatment’. The new procedure has given 
in both cases a satisfactory increase in. aspartic acid , 
but no increase at all for glutamic acid, suggesting 
that the separation of this aihino-acid as hydro- 
chloride was well nigh complete under the old con- 
ditions. That both the dicarboxylic acids have been 
effectively removed is shown by the fact that in the 
egg albumin analysis the ultimate mother liquor 
contained only 0-95 % of the total protein-X and of 
this some 40 % was non-amino -X, almost certainly 
basic-X since precautions had been taken to prevent 
the conversion of glutamic acid to pyrrolidone- 
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carboxylic acid. Moreover, the Millon test for tyro- 
sine and the Sakagiichi test for arginine were 
strongly positive. These results convinced us that 
we had brought oin* treatment for the isolation of 
giutamie and aspartic acids from the lime-ethanol 
precipitate to workable limits; even so we could 
not regard our new values as quantitative until we 
had ascertained whether any significant amount of 
either of the respective Ca salts had escaped pre- 
, eipitation and had thus passed into the lime-ethanol 
filtrate. 

Examination of tihe lime-ethanol filtrate 
for dicarboxylic acids 

As will be more fully discussed in Appendix 3, 
the Ca salts of both aspartic acid and glutamic acid, 
mader the conditions of our lime-ethanol procedure, 
have residual solubilities that are subject to the 
concentration and the degree of racemization of the 
acid concerned and to the concentration of Cl". At 
an early stage in the research, before the inter- 
dependence of these three factors had been estab- 
lished, we had determined solubility factors by sub- 
^mitting an aqueous solution of each natural acid 
to the necessary lime -ethanol treatment and these 
suggested that our values for aspartic acid and 
glutamic acid should be raised by about 0*3 and 
0*7% of the weight of protein respectively. Such 
solubility effects were larger than we had antici- 
pated and we were not willing to concede them 
without a more direct proof based on the isolation 
of the two amino -acids from the lime -ethanol 
filtrates. 

Accordingly We undertook an extended analysis 
of gliadin. After hydrolysis with 20 % HCl the 
hydrolysate was reduced in volume and saturated 
with gaseous HCl; this caused the separation of a 
large crop of glutamic acid hydrochloride which was 
subsequently recrys.tallized from water [Osborne & 
Guest, 1911]. The collected mother liquors were 
then passed through the lime -ethanol procedme in 
use at the time; as this did not include the pre- 
liminary application of CugO the various small crops 
of Cu aspartate were heavily contaminated with the 
scum mentioned in an earlier section, and needed 
careful reerystallization. When the lime-ethanol 
precipitate had been worked over to completion we 
had isolated in all 45*82% of glutamic acid and 
1*34% of aspartic acid (vide Table 3), values that 
from the standpoint of analytical technique are com- 
parable with those of edestin (2) quoted in Table 1. 
How at the stage when the first precipitation of the 
Ca salts was made the hydrolysate contained amino- 
acids, other than dicarboxylic acids, representing 
48 % of the total protein-H. All of these other 
amino- (and imino-) acids, as well as any residual 
- dicarboxylic acids due to solubility effects, passed 


into the collected lime-ethanol filtrates, and our 
object was to devise methods whereby these other 
amino -acids could be progressively removed so as 
to give a final mother liquor in which the residual 
dicarboxylic acids would be present in sufficient 
concentration to permit their isolation by a repeat 
application of the lime-ethanol procedure. The 
various filtrates and the final dicarboxylic acid end 
fraction were collected, reduced in vacuo to remove 
ethanol and then freed from inorganic ions (Ca++, 
CL and traces of S 04 ^). The clarified solution was 
next concentrated to incipient crystallization, 
whereby several successive crops of mixed mono- 
amino -acids (leucine -tyrosine -phenylalanine) were 
removed. The mother liquor was then extracted 
12 times successively with an equal voliime of warm 
butanol [Miller, 1936] to remove further amounts 
of monoamino-acids, a treatment that extracts but 
little proline. This was followed by a precipitation 
under the usual conditions with phosphotungstic 
acid, which carried down the bases and much pro- 
line.'The filtrate was freed from phosphotungstic 
acid by extraction with arnyl alcohol-ether and 
from excess HCl by repeated evaporation in vacuo. 
At this stage the solution contained only 12*8 % of 
the total protein -H in the form of amino -acids other 
than dicarboxylic acids, and on repetition of the 
lime-ethanol procedure we were able to isolate a 
further 1*1% of glutamic acid and 0*06% of as- 
partic acid. This experiment demonstrated quite 
clearly the relatively large solubility of Ca gluta- 
mate under the conditions of oiu* modified Foreman 
lime-ethanol procedure, especially when some of 
the acid is present in racemized form, as in this 
gliadin hydrolysate [ChibnaU et al., 1940, Table 1]. 
The solubility of Cu aspartate on the contrary 
appeared to be small, a result accepted at the time 
with reserve on account of the omission of the CugO 
procedure and of possible losses arising from the 
conditions under which the base precipitation with 
phosphotungstic acid had been performed. 

Having made this preliminary survey we were in 
a position to devise a more suitable, albeit a more 
laborious, procedure which has been applied in tmn, 
wdth minor modifications suggested by experience, 
to hydrolysates of zein, edestin, egg albumin and 
jg-lactoglobulin. Full details of the last three of 
these analyses are given in a later paper [Chibnall 
et al.y 1943] and all that need be quoted here are 
the sxunmarized results for edestin and egg albumin 
given in Table 3, which permit a direct comparison 
with the earlier ones given in Table 1 . In the new 
analyses it was possible to reduce tlie amount of 
non-dicarboxyiic acid-H from about 70 % to about 
14 % of the total protein-aST before repetition of the 
final lime -ethanol procedure and, as in the case of 
gliadin, substantial amounts of (partially racemized) 
glutamic acid were subsequently isolated as hydro- 
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cemed that are accurate to within 2 % , These 
findings show without any equivocation that the 
lime -ethanol method of Foreman, as applied by us 
and by all other workers in the past, must have 
given results that were far from quantitative and 
hence of no value whatsoever from the point of 
view of the Bergmann -Niemann hypothesis. 


Table 3. Redetermined aspartic and glutamic acid contents of some proteins 




Hon-di carboxylic 
acid-lSr present 
when Ca salts were 





first precipitated 

Glutamic 

Aspartic 



(% total 

acid 

acid 

Protein 

Method of isolation 

protein-N) 

(% of protein) 

(% of protein) 

Gliadin 

Direct as hydrochloride 

— 

33*53 




1st complete lime-ethanol treatment 

48*0 

12*29 

1*34 


2iid complete lime-ethanol treatment 

12*8 

MO 

0*06 



Total 

46*92 

1*40 

Edestin (3) 

1st complete lime-ethanol treatment 

68*8 

19*34 

11*24 


2nd complete lime-ethanol treatment 

13*9 

1*19 

0-71 



Total 

20*53 

11*95 

Egg albumin (2) 

1st complete lime-ethanol treatment 

70*39 

13*89 

7*74 


2nd complete lime-ethanol treatment 

21*3 

2*11 

0*36 


3rd complete lime-ethanol treatment 

12*0 

0*0 

0*03 



Total 

16*00 

8*13 


Appendix 1. Procedure for Removal of Cystine as the 
Cuprous Mercaptide of Cysteine. (By K. Bailey) 

For these experiments wool and edestin were chosen 
because they contained very high and average contents of 
cystine respectively. The wool was taken from a raw 
Cotswold fleece, cleaned and prepared in a manner pre- 
viously described [Bailey, 1937]: it contained 0*13% ash 
and, ash- and moisture-free, 16*55% N. Both this and the 
edestin were hydrolysed for 24 hr. with 20 % HCl, and the 
excess HCl removed by evaporation under reduced pressure 
in the usual way. The hydrolysate was then made up to 
standard volume and aliquots withdrawn for determination 
of N by micro -Kjeldahl and of S by alkali fusion [Bailey, 

1937]. CugO was prepared by reduction of Fehling’s solu- 
tion with glucose, washed free from all inorganic ions and 
dried via ethanol and ether. 

For the mercaptide precipitation solutions containing 
0*7-0*9g. N/ 100 ml. in the case of wool, and 0*8-1 *1 g. 

N/ 100 ml, in the case of edestin, were employed. Portions 
of the hydrolysate were treated with CugO under varying 
conditions, which are described below in apposition to indi- 
vidual experiments; after cooling to 10° the precipitate 
was centrifuged and washed 6 times with warm water. 

The washings were collected, reduced in vacuo, copied to 
10°; the small amount of material that separated was 
centrifuged off and added to the main precipitate. For 
N and S analyses the latter was either dissolved in hot 
HGl or dried in acetone and ground to powder, 

depending on the amount available. 

Wool. The following experiments were performed: 

(la) The hydrolysate was shaken with excess CU 2 O at 
15° for 30 min., cooled to 10° and the mercaptide preci- 
pitate separated without delay. 


(15) As in (la), but the reaction was allowed to proceed 
overnight before the separation. 

(Ic) As in (1 a), but the reaction temperature was raised 
to 45° and the excess CugO added in small portions over a 
period of 30 min. 

(2) The CugO was added slowly to the hydrolysate at 
45°, small samples of which were removed from time 
to time and clarified by centrifuging to test whether 
the addition of a further amount would produce any 
visible separation of mercaptide. In this way the con- 
siderable excess of CugO added in la-lc was avoided 
and the supernatant liquid was green instead of deep 
blue. 

(3) This was a large-scale repetition of (Ic) under condi- 
tions considered most suitable for the purpose, and was 
designed as the starting-point of an extended amino-acid 
analysis. The hydrolysate, containing 18*4 g. N in 2 1., was 
maintained at 45-50° whilst a suspension of CugO in 500 ml. 
of water was poured in slowly with rapid stirring until a 
test sample showed that excess CU 2 O was present and the 
supernatant Hquid was deep blue. Stirring was continued 
for another hour and the mixture was th^n kept at 10° 
overnight. 

The results are given in Table 4. It will be seen that for 
the complete removal of cystine the reaction temperature 
must be raised to 45°, and an excess of CugO must be 
present (Exp. Ic, 3). Under such conditions the acidity 
of the solution is reduced to about pH 3*0-3*5 by removal 
of HCl, and the supernatant liquid becomes deep blue. 
The N carried down is in excess of that due to cystine, a 
point discussed later. 



chloride. The new procedure has also led to the 
isolation, as Cu aspartate, of significant amounts of 
aspartic acid. The analyses of zein and jS-lacto- 
globnlin gave similar results and, as will be discussed 
in later papers, there is reason to believe that our 
present procedure gives values for the aspartic acid 
and glutamic acid contents of the proteins con- 
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Mdestin, Based on tlie experience gained with wool 
hydrolysates the following experiments were performed: 

(4) The conditions were as in (3), 

(5) The starting-point of a large-scale comprehensive 
diearbox3dic acid and base analysis described in detail in a 
later commimication [Chibnall et al., 1943]. The conditions 
were as in (3). 

{6} The hydrolysate was heated with a small amount of 
Zn and HCI for 1 hr. and then neutralized with NaOH at 
pH 6. The huniiii thus precipitated was separated and the 
filtrate adjusted to pH 4 with HCI. Excess CugO was then 
added at 45° and the mixture agitated for 1 hr. 

(7) The procedure of Graff, MacuUa & Graff [1937] was 
employed. The hydrotysate was first reduced with Zn and 
■ HCI, adjusted to pH 5 with Ha acetate, humin removed, 
the solution adjusted to pH 4 with acetic acid and then 
treated with CugO. The mercaptide precipitate was washed 
with a citrate-acetate buffer at pH 6. 

The results given in Table 4 show that in Exp. 4 and 5 
the mercaptide-S is greatly in excess of the non-inethio- 
iiine-S, assumed to be cystine-S, which amounts to 43-5 % 
of the total S. Under the conditions of (6) and especially 
of (7) the mercaptide-S approaches the expected value for 
cystine-S, though in the latter case the mercaptide-H is 
higher than the equivalence claimed by Graff et al. 
[1937]. 

- The ideal procedure for our large-scale amino-acid 
analysis would have been one in which the precipitate 
contained only the mercaptide of cysteine, CugCla and 
excess Cu^O, together with any humin not already removed 
at an earlier stage. That of Graff et al. comes nearest to 
fuMlhng these conditions, but was unsuitable for our pur- 
pose in that it would introduce into the hydrolysate reagents 
whose subsequent removal would present difficulties. The 
technique used in Exp. 3, 4 and 5 was satisfactory in so 
far as removal of cystine was concerned, yet at the time 
these were performed we were puzzled by the large excess 
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of S and N carried dowm. In this connexion our findings 
were in full keeping with those published recently by Lucas 
& Beveridge [1940], wffio used a somewhat different tech- 
nique and found that their mercaptide precipitate w^as 
heavily contaminated with extraneous N. As these workers 
determined cystine-S and not total organic-S they were 
apparently unaware that non- cystine-S w^as carried down. 

The excess organic-S in our mercaptide precipitates was 
clearly due to methionine, yet the reason for this was not 
immediately apparent. When a solution of this amino -acid 
was treated with CugO under comparable conditions only 
4% of the original N was carried down. Moreover, Bailey 
[1937] had already shown that the methionine content of 
a protein first hydrolysed with HCI is the same as that of 
the native protein wffien the determination is made by the 
volatile iodide method; secondary reactions, such as hoiiio- 
cystine formation during hydrolysis, w^'ere thus excluded. 
It was not until the mercaptide precipitates obtained m 
oiir large-scale analyses of egg albumin and edestin had 
been submitted to detailed investigation that we were able 
to explain why they contained more organic-S and H than 
had been expected. The reason is that the addition of 
excess CuaO to the hydrolysate, which is necessary for the 
complete precipitation of the cystine as the cuprous mer- 
captide of cysteine, removes the major part of the HGl 
present as insoluble CugCla and the acidity of the solution 
is thereby reduced to about 3. Such conditions are 
favourable for the direct crystallization of certain of the 
more insoluble monoamino -acids, especially methionine, 
tyrosine, leucine and perhaps phenylalanine [Hill & Robson, 
1934; Baptist Sl Robson, 1940], and it is these monoamino- 
acids, or possibly their copper complexes, together with 
humin, that are responsible for the excess H and organic-S 
present in the mercaptide precipitates. Appropriate treat- 
ment has shown that arginine [Lucas & Beveridge, 1940] 
and the dicarboxylic acids are not concerned, a matter of 
importance in our work. 


Table 4. Composition of various mercaptide precipitates 
Filtrate from 


{h} 


Exp. 

Total S minus Mercaptide-S 

mercaptide : 

S minus SO4-S 

Total H in 

Mercaptide-N 

CystineN 

free b04- 

S as % total 

as % total 

hydrolysate 

as % total 

as % total 

no." 

g- 

protein-S 

protein-S 

g- 

protein-N 

protein-H 

Wool 

la 

0-0716 

89-8 (diff.) 

10-2 




lb 

0-0716 

89-6 

13-7 

0-3748 

10-03 

8-32 

Ic 

0-0716 

100-6 

0-6 

0-3748 

11-74 

8-32 

2 

0-640 

90-6 

9-4 (diff.) 

3-28 

11*6 

8-32 

3 

3-607 

97-3 

3-6 

18-41 

12-4 

S-32 , 

Edestin 

4 

0-039 

74-1 

29-0 

0-7903 

2-62 

0-85 

5 

0-541 

67-3 

32-7 (diff.) 

11-554 

2-20 

0-85 

6 

0-027 

51-9 

48-1 (diff.) 

0-5745 

1-83 ■ 

0-85.- 

7 

0-027 

'45-5- 

54-5 (diff.) 

0-5745 

1-34 

0-85 

Appendix 2. 

On the Possible Presence of Hydroxyglutamic 

Acid 



in Protein Hydrolysates 




As Hicolet & Shinn [1942] state in a recent paper, the 
history of ^-hydroxyglutamie acid is a peculiar one. In 
their introduction, these workers give a review of the 
position that had developed since Dakin [1918] announced 


the isolation of this substance from casein, and it is un- 
necessary to recapitulate the various e\’idenees in the 
present communication, except to point out that many 
workers who have attempted to prepare i3-hydroxyglutamic 
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acid for experimental purposes have been unsuccessful or 
have obtained products which they believed to contain 
considerable amounts of the desired substance, but have 
not adequately characterized it. x4.pplymg their new 
periodic acid oxidation method for the estimation of 
threonine and serine in protein hydrolysates, together with 
that of Van Slyke, Hiller, MacFadyen, Hastings & Klem- 
perer [1940] for ‘total hydroxyamino-acids’, Nicolet & 
Shinn [1942] find no evidence for the presence of hydroxy- 
glutamic acid in the three milk proteins, casein, ^d-lacto- 
globuliii and lactalbumin. In view, however, of the claim 
of Gulland & Morris [1934] that this hydroxyamino-acid is 
indeed present in casein, albeit only to the extent of 0*3% 
as opposed to Bakin’s original 10-5%, Hicolet & Shinn 
were not prepared to deny its existence in this protein, 
though they maintained that the., amount present cannot 
be greater than that claimed by Gulland & Morris. Mean- 
while Dakin [1941] has stated that further research on the 
acid that he isolated from casein, particularly his failure 
to convert it to ketoglutaric acid, or glutaconic acid deri- 
vatives, and its limited reaction with periodic acid, make 
it seem certain that his product cannot be a /3-hydroxy-acid. 
This admission of Dakin may be regarded as closing the 
issue concerning ^-hydroxyglutamio acid, yet the. position 
as it now stands is not entirely satisfactory, for Dakin is 
exploring the possibility that his product is some other 
new amino-dicarboxylic acid. This raises at once a matter 
of great importance to those who are interested in the 
number of free carboxyl-groups in the intact protein mole- 
cule, for these can, be computed on the one hand from 
electrometric titration of the protein itself and on the 
other hand from dicarboxylic acid and amide-N analysis 
after hydrolysis [cf. Chibnall, 1942]. Consequently if 
Dakin’s product should indeed be a new dicarboxylic acid 
instead of, as we believe, a . mixture of known amino-acids 
and products derived from them, it must be taken into 
account in drawing up an estimate of total dicarboxylic 
acids given on hydrolysis. 

When we embarked on our extended investigations of 
the “Foreman method we naturally made careful search for 
hydroxyglutamic acid by the glacial acetic acid and Ag 
salt procedure of Dakin. In our early experiments we 
frequently obtained, like other workers, syrups that proved 
intractable. Yet occasionally, and in general by procedures 
different from that of Dakin, we separated crystalline or 
granular products whose composition suggested the possible 
presence of this hydroxy-amino-acid ; on further treatment, 
however, these always yielded significant amounts of as- 
partic acid and often of glutamic acid. Later, when we had 
evidence that the Foreman lime-ethanol treatment was 
bringing about the dismutation of cystine to give dibasic 
acids, we foun4 that all of our ‘hydroxyglutamic acid’ 
fractions contained significant amounts of organic-S and 
hence of cystine dismutation products, which wete clearly 
in part responsible for the fact that the fractions often gave 
values for C, H and N which approximated closely to those 
of hydroxyglutamic acid itself. Since the introduction of ” 
the GugO treatment and the developpient of our present 
procedure for the separation of aspartic and glutamic acids 
we have not encountered any fractions of this type what- 
soever and are convinced that all the proteins that we 
have analysed, viz. edestin, egg albumin, j8-lactoglobulin, 
zein, gliadin and casein, do not contain any other dicarb- 
oxylic acid. W’^e believe that the products isolated by Dakin, 
and by GuUand & Morris, were mixtures of aspartic acid 
(especially), glutamic acid, dibasic dismutation products of 


cystine, serine and serine decomposition products, the pro- 
portion in which these occur ‘ varying from sample to 
sample. To enable us to elaborate the thesis further it will 
be convenient to give first of all in some detail the separa- 
tion and subsequent analysis of certain ‘ hydro xyglutaniic 
acid’ fractions obtained in three of our earlier dicarboxylic 
acid analyses. 

Egg albumin. This anabasis was made in 1938, and the 
final results have already been quoted in Table 1. 51*193 g. 
of air-dried coagulated material, equivalent to 49*8 g. of 
moisture- and ash-free protein, were hydrolysed with 
400 ml. of 2&% HCl for 24 hr. and the excess HCl removed 
by repeated evaporations in vacuo. The acid hiimin was 
then removed, the solution and washing reduced to 500 ml., 
lime added to pH 6 *8-7*0 and the alkali human removed. 
The clarified solution and washing were then reduced to 
200 ml, and left overnight at 0°: 1*098 g, crude tyrosine 
separated and were removed. The lime-ethanol treatment 
of Foreman was then applied twice in succession from an 
aqueous volume of 500 ml., the precipitated Ca salts filtered 
and washed, redissolved in water and Oa*^"^ removed. 
Glutamic and aspartic acids, equivalent to 11*85 and 5*91 % 
of the weight of protein (w/p), were separated as the hycffo- 
chloride and Cu salt respectively, and the clarified mother 
liquor passed through the lime-ethanol treatment from an 
aqueous volume of 110 ml. The precipitated material was 
freed from Ca+ + as before and the clarified solution reduced 
to 50 ml. This was allowed to stand under slightl}?" reduced 
pressure in a desiccator, when 3 crops of crystalline ma- 
terial (0*38, 1*09 and 0*404 g. respectively) separated and 
were removed. The collected material contained tyrosine 
( = 0*14% w/p by colorimetric estimation) and on treat- 
ment gave glutamic acid ( = 1*04% w/p) and aspartic acid 
( = 0*86% w/p) as hydrochloride and Cu salt respective^. 

The mother liquor, after removal of the above-mentioned 
3 crops, was reduced to a small volume and treated with 
ethanol. Amorphous material (fraction 1) separated, which 
was washed with ethanol and ether and then dried to 
constant weight in vacuo ( 1 • 7 1 6 g. ) . It was non-hydrosoopic, 
was freely soluble in cold glacial acetic acid, gave the colour 
test for tyrosine and contained 2*4% ash (CaS 04 ); other 
analytical data are given in Table 5 and are reminiscent 
of those given by the 2 samples of impure S-containing 
nitrogenous acids isolated from casein by Gulland & Morris, 
one of which contained C, 31*3; H, 5*5; N, 10*6; S, 6*7% 
respectively. Fraction 1 contained 9*02% H, all in the 
amino -form, but after heating for 1 hr. at 120° the latter 
value had fallen to 5*72 % , reminiscent of Dakin’s hydroxy- 
glutamic acid. Titration to jpH 7*3 (blue tint with bromo- 
thymol blue) showed that only 68*4% of the N could be 
referred to dicarboxylic acids [mc?e Clhibnall et al., 1940]. 
1*674 g. of fraction 1 yielded by the usual treatment 
0*2571 g. of aspartic acid and. 0*7114 g. of glutamic acid as 
Cu salt and hydrochloride respectively. The clarified mother 
liquor was passed through the lime- ethanol procedure, 
using an aqueous volume of 10 ml., the precipitate removed, 
freed from Ca++ and the solution reduced to 3 ml. On 
standing 0*244 g. of crystalline material (fraction 2) sepa- 
rated and was removed. The product w’as insoluble in 
glacial acetic acid and gave a positive colour test for 
tyrosine. The lime-ethanol filtrate was freed from ethanol 
and Ca++, joined with the mother liquor from fraction 2 
and taken to dryness in vacuo. The product (fraction 3, 
wt. =0*4733 g.) was slightly hygroscopic, dissolved freely 
in glacial acetic acid, contained 4*5% ash (CaSO^) and gave 
a strong colour test for tyrosine. Fraction 1 therefore. 
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wliich was freely soluble in glacial acetic acid, had yielded 
aspartic acid (=0*345% w/p), glutamic acid (=0*86% 
w/p), fraction 2 which w^as insoluble in glacial acetic acid, 
and fraction 3 which was freely soluble in glacial acetic 
acid. Fractions 2 and 3 were not investigated in further 
detail, but their analyses, quoted ash-free in Table 5, and 
especially their mod© of preparation, show^ that they must 
be mixtures of several products. 

Protein material from normal ox heart. The analysis of 
this material (47*2 g.) has already been described in detail 
[Chibnall et al., 1940]. The amino-acid solution recovered 
from the Ca salts precipitated in the 5th lime-ethanol treat- 
ment was reduced to a small volume in vacuo; on standing 
0*1232 g, of crude tyrosine separated. The mother liquor 
was then concentrated slowly to a syrup in a vacuum 
desiccator and after 2 days a few drops of ethanol were 
stirred in. On standing 0*78 g. of crystalline material sepa- 
rated. For convenience this is referred to in the present 
communication as fraction 4. It contained 1*8% ash 
(OaSO^), was insoluble in glacial acetic acid, gave the colour 
test for tyrosine, and on drying in vacuo at 40° gave the 
ash-free analysis quoted in Table 5. The values for C, H, N 
and mol. "wt, (by titration) come within the limits quoted 
by Dakin [1918] for his various samples of hydroxyglutamic 
acid. 0*4 g. of fraction 4 gave on treatment 0*27 g. of 
crystalline Cu aspartate, and the aspartic acid recovered 
from this was found to be almost completely racemized, 
the rotation in 10% HCl being [a] 2 ) = +0*7° as against 
+ 25*6° given by the natural l{ - )-amino acid. No glutamic 
acid hydrochloride could be separated from the mother 
liquor, which was not treated exhaustively, however, as 
our interest at the time was centred on the rotation of the 
isolated aspartic acid. 

Protein material from metastases in liver of a woman with 
carcinoma of the colon. A fairly detailed analysis has already 
been described [Chibnall r:L, 1940]. The amino-acid solu- 
tion recovered from the Ca salts precipitated in the 4th 
Foreman treatment was reduced to a small volume, when 
0*396 g. crude tyrosine separated. The mother liquor on 
further reduction gave 0*4738 g. of crystalline material 
(fraction 5). This was insoluble in glacial acetic acid, gave 
a strong colour test for tyrosine, and on treatment gave 
0*346 g. of Cu aspartate, the acid recovered from which 
was racemized; [a]j) = -f-4*5° in 10% HCl. 
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conditions for the isolation of his acid and his analytical 
figures approximate more closely to our fraction 4. We make 
no claim to have investigated the nature of our products 
at ail exhaustively, for at the time they were isolated we 
had no such’ purpose in view, but we believe that sufficient 
evidence has been adduced to show that all of them must 
be complex mixtures containing varying amounts of tyro- 
sine, dismutation products of cystine, aspartic acid, and in 
one case glutamic acid. We have ample evidence moreover 
that serine is precipitated as its Ca salt under the Foreman 
conditions, confirming the recent findings of Damodaran 
& Ramachandran [1941], who also showed that on hydro- 
lysis of substances such as the phosphopeptone from casein 
(and hence of casein itself wherein the serine is present as 
phosphoserine) much deamination occurs with the forma- 
tion of secondary acidic N-free decomposition products. 
As has been pointed out in an earlier section, the presence 
of serine will prevent the quantitative separation of aspartic 
acid as its Ca salt, and we know that the presence of the 
latter acid can retard the salting out of glutamic acid as 
its hydrochloride; hence we can legitimately infer that 
fractions 1 and 3, perhaps also one or more of the other 
three, contain larger amounts of these two dicarboxylic 
acids than we actually isolated by the simple procedure 
employed. In our dicarboxyHc acid and base analysis of 
egg albumin, edestin and ^-lactoglobulin [Chibnall et al., 
1943] the amount of unidentified N in the respective end 
fractions from the 2nd series of Foreman operations was 
very small (ca. 0*3% protein-N) and an exhaustive search 
has convinced us that these do not contain any aspartic 
acid, glutamic acid or unknown dicarboxylic acid. All these 
observations convince us that Dakin’s products from casein, 
and also Calvery’s [1931] product from egg albumin, were 
mixtures similar to those described above. Dakin’s varying 
yields can almost certainly be correlated with the fact that 
he used glacial acetic acid to separate his new acid from 
residual amounts of glutamic and aspartic acids. Fraction 1 
shows clearly that the solvent action of this reagent de- 
pends on the physical condition of the material being ex- 
tracted, and if this be a fine amorphous powder much 
glutamic and aspartic acids can pass into solution. 

Similar criticisms to those given above apply to the sub- 
stance isolated from casein (1*5 kg.) in very small yield 
(20 mg.) by GuUand & Morris [1934]. These workers failed 


Table 3. Compositions of ' ^-hydroxyglutamic acid’ fractions 


Source Fraction 

Egg albumin (1) 

( 2 ) 

( 3 ) 

Ox heart . (4) 

Human liver (5) 

Hydroxyglutamic acid requires 
Glutamic acid requires 
Aspartic acid requires 
Cysteic acid requires 


C 

/o 

31*46 

37*90 

33*33 

36*03 

33*10 

36*79 

40*80 

36*08 

21*30 


H 


Oiganic-S 

Mol. wt. 

% 

0/ 

/o 

0/ 

/o 

(by titration) 

6*10 

9*02 

4*53 

■ 

6*69 

8*88 

1*94 

164 

5*58 

6*70 

5*20 

163 

5*91 

8*84 

1*28 

108 

5*96 

9*70 

0*92 

162 

5*56 

8*59 


163 

6*17 

9*50 



147' 

5*31 

10*53 



133 

4*14 

8*28 

18*95 

169 


The analyses given in Table 5 show that under varying 
conditions products having lower values for C, H and N 
than those of glutamic acid can be separated, and that if 
the assumption be made that these are dibasic acids their 
molecular weights computed by titration range from 162 
to 168. Dakin, it will be recalled, used more standard 



to separate any product by Dakin’s procedure and investi- 
gated the N carried down in the BaSO.j obtained on re- 
moval mth baryta of the H^SO.i in the hydrolysis. 
Their treatment was extensive and when much extraneous 
material had been separated they obtained a fraction, re- 
ferred to above, which was rich in organic-S, showing that 
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they were dealing with dismutation products of cystine. tioned that no evidence was adduced to show that any 
At a later stage they claim to have isolated 20 mg. hydroxy- such condensation took place, and the reagent employed 
glutamic acid after a preliminary phosphorylation with may have done no more than aid the attenuation of what 
phosphoric acid and phosphoric oxide. It may be men- was evidently a complex mixture. 


Appendix 3. Solubility of the Ca Salts under the Conditions of the 
Modified Foreman Procedure 


Foreman [1914 a] showed that when an aqueous solution 
of either aspartic or glutamic acid (1 g. in 20 ml.) was 
treated wdth lime and then with 9 vol. ethanol the Ca salt 
was quantitatively precipitated. Under the conditions of 
our original modified lime-ethanol procedure, however, all 
the amino -acids in the protein hydrolysate are present as 
hydrochlorides, and our early work showed that the CaCU 
thereby introduced into the system raised the small residual 
solubility of the Ca dicarboxylates. Solubility factors were 
accordingly obtained from experiments in which the re- 
spective dicarboxylic acid hydrochlorides were passed 
through the procedure then in use, and these were employed 
as a guide in our researches until 1939, when our attention 
became focused more sharply on the problem by the claim 
of Kogl, Erxleben & x^kkermann [1939] that the Ca salt 
of synthetic (^^glutamic acid (a mixture of the Z( -f )- and 
d{ -) -antipodes) had 10 times the solubility of that of the 
natural Z( -b ) -antipode, and that our procedure was ac- 
cordingly unsuitable for the isolation of racemic glutamic 
acid from protein hydrolysates. We were able to refute 
these claims by appropriate experiments showing that the 
solubilities of the 2 salts w^ere similar and by the demon- 
stration that our procedure had already led to the isolation 
of relatively large amounts of partially racemized acid from 
hydrolysates of gliadin and edestin [Chibnall et ah; 1940; 
see also Graff, Rittenberg & Foster, 1940]. 

More detailed experiments with the Ca salts of glutamic 
and aspartic acids were then undertaken to ascertain the 
effect of the degree of racemization and the concentration 
of the salts concerned on solubility, and also of the concen- 
tration of CaCla present. The technique employed was as 
follows. A weighed amount of the acid was dissolved in 
about 30 ml. of water and to this was added the necessary 
aliquot of a standard solution of CaClg,, followed by an 
excess of CaO. The mixture was stirred for a few minutes 
and then filtered with suction through a Whatman no. 50 
filter paper. The residue was washed repeatedly with small 
amounts of warm water, the collected filtrates made up 
to 100 ml. and 9 vol. of 95 % ethanol added. The precipitate 
was filtered off after 10 min. (leaving for longer periods up 
to 24 hr. made no significant difference), washed with 95 % 
ethanol, and the collected filtrates w^ere taken to dryness 
in vacuo. The residue was then submitted to Kjeldahl 
analysis, using 20 ml. H2SO4; duplicate determinations 
tallied to 0*2 mg. N. Figs. 1-3 represent graphically the 
solubilities for various acid and CaClg mixtures. Although 
somewhat meagre in some cases the data taken as a whole 
permit us to draw certain conclusions and can be put to 
limited use with protein hydrolysates. 

The curves given in Fig. 1 show that the solubility of the 
Ca salt of H- ) -glutamic acid increases with the concen- 
tration of CaClg and with the initial amount of glutamate. 
This latter phenomenon can possibly be explained in terms 
of complex ion formation between the Ca glutamate and 
CaClg, for there is evidence for the presence of a double salt 


of these 2 compounds in the Ca precipitate. The curves 
given in Fig. 2 suggest that in the presence of CaClg the 



Fig. 1. Ordinates represent the residual solubility of the 
Ca salt of l{ + ) -glutamic acid when aqueous solutions 
containing various concentrations of the salt, and of 
CaClg, are treated with 9 voL of 95% ethanol (mg. 
N per 1. of aqueous-ethanol). The abscissae represent the 
concentration of CaCl2 in the aqueous solution before 
addition of ethanol (g. per 100 ml.). 



Fig. 2. Similar systems for the Ca salts of d{ - ) -glutamic acid 
(dotted-line curves) hnd of (^/-glutamic acid (full-line curves). 



Fig. 3. Similar systems for the Ca salts of d{ + )-aspartic acid 
(full-line curves) and of dZ-aspartic acid (dotted-line curves). 

solubility of the d{ - ) -salt is slightly less than that of the 
natural antipode, and the same is true of the dZ-sait made 
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from tile syntlietie acid, wliicli Kogl et al. [1939] have 
shown to be a mixture of the 2 antipodes. The curves 
given in Fig. 3 sh ow' that similar conclusions apply to the 
Oa salts of aspartic acid. 

From these findings it is possible to compute tentative 
solubility corrections for a dicarbox 3 dic acid analysis 
covering no more than the first complete lime-ethanol 
treatment, provided that the concentration of HCl and of 
the aspartic or glutamic acid at each pi’ccipitation is known. 
Fortunately the necessary data are available for most of 
our recent analyses; and those for the glutamic acid of 
egg albumin are set out in Table 6, the assumption being 
made that the /{ + )- and ^/-salts have independent solu- 
bilities. 


except that of the gliadin aspartic acid, and the low’ isola- 
tion value here may be due to the unsatisfactory procedure 
used to cover the various stages leading to the 2nd iime- 
ethanol treatment. 

It is possible to calculate in the same way solubility 
corrections for the 2nd complete lime-ethanol treatment: 
these are very small and possible errors of no significance. 
In terms of the weight of protein the computed values for 
the above-mentioned proteins, in the order named, are 0*2, 
0*13, 0*08% glutamic acid and 0*05, 0*03 and 0*03% 
aspartic acid respectively. 

As in the case of the 3 particular proteins mentioned in 
Table 7 the computed values are in general slightly less 
than those found experimentally w'e have thought it safe to 


Table 6. Solubility corrections for the glutamic acid in egg albumin hydrolysates 
1st complete lime-ethanol treatment 


Solubility correction 




Glutamic acid present 

A 

r 


Precipi- 

Aqueous 

^ ^ A. 

^ 

CaCb 

Z(-f-)-acid 

dZ-acid 

tation 

volume 

Z( + )-acid 

dZ-acid 

present 

-(mg. N/ 

(mg. N/ 

no. 

ml. 

g* 

g* 

(g./lOOml.) 

100 ml.) 

100 ml.) 

1 

500 

9*0 

1-0 

1*45 

3*75 

1*6 

■ 2 

500 

8-6 

0*8 

1*4 

3*5 

1*5 

3 

500 

0*7 

0*4 

0*4 

1-3 

1*2 

4 

500 

0-25 

0*4 

0*15 

1*0 

1*0 


Wt. of glutamic acid 
(corrected) 

- A 

Z(-f)-acid L^Z-acid 


Isolated during 2nd complete lime-ethanol treatment 


•5I 


The solubility corrections suggest amounts of the Z( +)- 
and dZ-acids that are less than those actually isolated during 
the 2nd complete lime -ethanol treatment [mcZe Chibnall 
ef aL, 1943] indicating either that the solubilities had been 
enhanced by the presence of the other amino-acids in the 
hydrolysate or possibly that the isolation of the hydro- 
chlorides from the end fraction of the first lime-ethanol 
treatment had not been quantitative. It is to be noted, 
however, that the crops of partially racemized glutamic 
acid isolated from this hydrolysate contain the true race- 
mate (as opposed to the dl mixture) of Town [1941], since 
• these give rise to a 3 : 5-dinitrobenzoyI derivative, m.p. 204° 
(private communication from Dr Town). The amounts 
isolated during the second treatment confirm our deduction 
that the solubility of the salt of the racemic acid is of the 
same order as that of the Z( + )- antipode and refute the 
claim of Kogl et al. [1939] to which attention has already 
been drawn. 

In terms of the weight of protein the results for edestkf, 
egg albupain and gliadin are given in Table 7; as in no case 
have we examined the optical rotation of the aspartic acid 
the computed Values are based on the solubility corrections 
for the Ca salts of the natural d( -f-)-acid. Considering the 
assumption made the agreement is reasonable in all cases 


apply similar corrections to such of our. earlier dicarboxylic 
acid analyses, covering only^the first complete lime-ethanol 
treatment, as we consider justified in light of experience. 

Table 7. Compar ison of quantities of amino -ac ids 
isolated by 2nd lime-ethanol treatments with com- 
puted solubility corrections 


Glutamic acid 


Aspartic acid 


Com- Isolated Com- Isolated 

puted during puted during 

from 2nd com- from 2nd corn- 
solubility pletelinie- solubility pletelime- 

correc- ethanol correc- ethanol 

■ tions treatment , tions treatment 

Protein % % % % 

Edestm(3) b26 1*19 0*53 0*71 

Egg albumin (2) 1*51 2*11 0*52 0*71 

Gliadin 1*19 MO 0*36 0*06 

In the 2 casein analyses the optical rotation of the 
various crops of glutamic acid hydrochloride w^as deter- 
mined, and solubility corrections for the amount of dZ-acid 
present have been applied. We believe that the new values 


Table 8. Corrected aspartic and glutamic acid contents of some proteins 

Glutamic acid Aspartic acid 


From 1st 
complete 
lime-ethanol 


Protein 

treatment 

% 

correction 

% 

Total 

% 

Casein (1) 

20*69 

1*31 

22*00 

Casein (2) 

20*67. 

"1*33 

22*00 

Horse carboxyhaemoglobin 

6*05 

0*74 

6*75 

Cattle haemoglobin 

5*84 

0*52 

6*36 


From 1st 
complete 
lime-ethanol 
treatment 


Solubility 

correction 
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V0I.37 

for this protein are reasonably quantitative. In the 2 
haemoglobin analyses the GugO treatment was not applied 
and the glutamic acid was not examined, consequently we 
expect that all the new values will ultimately be showm to 
be too low. 

Finally we should like to mention one point that has 
puzzled us for some years. Our own extensive experience 
with the lime-ethanol method of dicarboxy lie acid analysis 
has shown that the first Ca precipitate carries down with 
it much extraneous N ; yet Damodaran [1931], in his modifi- 
cation for determining the dicarboxylic acid-N of proteins 
on a micro-scale, found that the amount of N carried down 
was in reasonable agreement with that suggested by the 
older analyses for the dicarboxylic acid contents of the 


protein concerned. Our solubility data represented graphi- 
cally in Fig. 1-3 suggest an explanation of the anomaly. 
Damodaran hydrolysed the protein with HCl and removed 
the excess of mineral acid by evaporation to a syrup in 
vacuo, as in a Van Slyke analysis. We find that under these 
conditions much HCl in excess of that bound as hydro- 
chloi'ide is retained, and to remove this excess it is necessary 
to add water and again evaporate, repeating the operation 
4 or 5 times. At the precipitation stage, therefore, Damo- 
daran’s hydrolysate must have contained an excess of 
GaCla, which increased the residual solubility of the Ca 
dicarboxylates and reduced the amount of JST precipitated 
to a value that showed fortuitous agreement with the 
dicarboxylic aeid-N calculated from earlier analyses. 


SUMMARY 


1. Til© lime -ethanol method of Forernan for the 
determination of aspartic and glutamic acids in 
protein hydrolysates, and the various modifications 
of it introduced by other workers, have been investi- 
gated in considerable detail. 

2. During treatment with the lime the cystine 
present in the hydrolysate undergoes partial dismu- 
tation to the sulphinic or sulphonic acids ; these are 
precipitated with the Ca dicarboxylates by the 
ethanol, together with small amounts of cystine 
itself, tyrosine, serine and bases. 

3. The ^Csb salts of these cystine dismutation 
]3roduets are very insoluble and interfere with the 
estimation of aspartic acid as Cu aspartate. To 
prevent their formation it has been found' advan- 
tageous to remove all cystine as the cuprous mer- 
captid© of cysteine before the hydrolysate is made 
alkaline with lime. 

4. The solubility of the Ca dicarboxylates under 
the conditions of the modified Foreman procedure 
we have used has been investigated by clarifying 
the lime -ethanol filtrate, removing the bases and a 
major part of the monoamino -acids, and repeating 
the lime-ethanol treatment on the final mother 


liquor. Significant amounts of both aspartic and 
glutamic acids have been isolated. 

5. Based on these findings a new extended p^ro- 
cedure has been elaborated which there is reason 
to believe has given values for the aspartic acid and 
glutamic acid contents of gliadin, edestin and egg 
albumin that -are accurate to about 2 % . 

6. The possibility of app)lying solubility correc- 
tions to the dicarboxylic acid results obtained in 
an analysis covering only one complete lime -ethanol 
treatment has been investigated. Results for casein, 
horse haemoglobin and cattle haemoglobin obtained 
in this way are higher than those hitherto recorded, 
and it is probable that those for the 2 latter 
proteins are still too low. 

7. Reasons are given for the belief that the 
‘ hydroxyglutamic acid ’ fractions obtained by earlier 
workers are complex mixtures containing inter 
alia aspartic acid and dismutation products of 
cystine. 

The authors wish to thank the British Empire Cancer 
Campaign, the Agricultural Research Council and the 
Rockefeller Foundation for financial assistance. 
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The various investigations made in this laboratory 
during the few years preceding 1938 on the amino- 
acid composition of leaf proteins have been briefly 
summarized elsewhere [Chibnall, Rees & Williams, 
1943]. These served to convince us that many of the 
methods of analysis we were then using, in par- 
ticular those for the dicarboxylic acids and the 
bases, could not be applied to better characterized 
proteins with the precision demanded by the Berg- 
mann-Niemami generalizations on protein structure 
[Chibnall, 1942] imtil their respective advantages 
and limitations had been more clearly defined and 
incidental working losses drastically reduced. 

In accordance with this view we have thoroughly 
explored the Foreman method for the separation of 
the dicarboxylic acids, and an account has already 
been given [Bailey, Chibnall, Rees & Williams, 
1943] of the varioits experiences which led us ulti- 
mately to devise a satisfactory procedure. This is 
incorporated in the general scheme of analysis for 
the dicarboxylic and basic amino -acids which is 
described in the present j^aper. Our aim has been 
to isolate these two groups of amino -acids as pure 
derivatives and in quantitative yield by step-wise 
removal without overall loss, and to overcome the 
solubility factors inherent in all precipitation me- 
thods it was necessary to remove also, at the appro- 
priate stages, a large part of the monoamino -acids 
and proline. In formulating a procedure for doing 
this we have been guided to a large extent by om 
experience of the butanol method of Dakin [1918; 
1921; 1928] and of the Cu salt method of Town 
[1928; 1936; 1941]. To anyone who has had ex- 
perience of the earlier Fischer methods of esterifi- 
cation and distillation the elegance of the Dakin 


procedure needs no emphasis, for the monoamino - 
acids are obtained in the convenient form of a white 
crystalline powder free from both proline and 
hydroxyproline. In this laboratory Dakin’s method 
has been applied to myosin [Sharp, 1939] and to 
cocksfoot protein [Lugg; wde Chibnall, 1939, p. 162], 
the esters subsequently being distilled under low 
pressure through a modern fractionating colmnn. 
A certain degree of success was obtained, but the 
method was not proceeded with for two reasons. 
In the first place we found that small amounts of 
the dicarboxylic acids and bases were extracted by 
the butanol. Secondly, we fomid that extensive 
diketopiperazine formation occurred, even when the 
butanol extraction was carried out under reduced 
pressure, leading to losses amounting to several 
per cent of the total protein-N. The meagre data 
quoted by Dakin [ 1 923] in his analysis of zein suggest 
that much of the N that he was miabie to account 
for was located in the butanol -proline fraction. Our 
experience of the Cu salt separation has been the 
same as that of Town himself, in that we haA’-e 
found that the solubility of one particular salt or 
group of salts can be profoundly influenced by the 
presence of others. The method must therefore be 
used with discrimination, and unless circumstances 
warrant, no exaggerated idea of the purity of the 
products isolated must be entertained. The pro- 
cedure for the estimation of the dicarboxylic acids 
and the bases given below embodies our cumulative 
experience of these two methods and it leads, inci- 
dentally, to the separation of the monoamino -acids 
in excellent yield but in several fractions, each of 
which is a mixtine. These could be used, either 
singly or collectively, for the estimation of the indi- 
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vidiial components by the ester method, as had 
been our original intention, but the new partition 
chromatographic method of Gordon, Martin & 
Synge [1941; 1943], which is applied to the hydro-^ 
lysate without any preliminary fractionation, has 
proved so strikingly successful that it is doubtful 
if our products will be required for this purpose. 

EXPERIMENTAL 
1. Scheme of analysis 

The cardinal point in the procedure is that no 
reagent may be introduced into the main hydro- 
lysate unless it can be quantitatively removed at a 
later stage without "appreciable loss of N, for in an 
extended scheme such as we have adopted the 


Now it has been the experience of all protein 
analysts that if HgSO^ be used to effect hydrolysis 
and the mineral acid is subsequently removed with 
baryta, the resulting BaS 04 obstinately retains N 
much in excess of that due to humin. We find never- 
theless that after the removal of the cystine and the 
major part of the aspartic acid, i.e. at stage 9, Ba+ + 
or SO 4 "" can be introduced into the hydrolysate and 
removed in the usual way as BaSO^ without appre- 
ciable loss of N, an observation which points 
strongly to the fact that the excess N carried down 
when this latter operation is conducted at an earlier 
stage represents these two amino -acids, very prob- 
ably in the foimi of double salts with BaS 04 • Bakin 
[1921] mentioned the difficulty of completely re- 
moving Ba+ + with H 2 SO 4 from solutions of Ba 


Diagram 1 . 

Scheme of amino-acid analysis. 

Abbreviations: G-HGi, glutamic acid hydrochloride; Cu-A, Cu aspartate; Ar, arginine; H, 
amino-acids; P, precipitate; F, filtrate; ML, mother liquor. 

Hydrolysis — Removal of HCl and — > — Treatment with CugO 

acid humin I 


1 st complete lime- 
ethanol treatment 


Separation of tyrosine 

(6) 


- Mercaptide F treated 


histidine; L, lysine; M, mono- 

* Mercaptide P 

(4) 


P: Ca removed; isolation 
of G-HCi and Cu-A — 


■"F: ethanol and Ca re- 
' moved; ML of ( 8 ) ' 
added 


1 st precipitation of 
’ bases — 


Base P; isolation of 
Ar, H and L 


Methanol extract: Cu - 
removed; treated with 
ethanol 1 


(15) I 

Ethanol soluble materia! 
treated with picric acid 

(17) I 


Separation of proline 
piOrate ~ 


-Preparation of Cu salts 


Ethanol insoluble M 
(16) 


Picric acid removed 
from F — 


' Separation of M - 

m 


Cold water extract; Cu 
removed 1 


2 nd complete lime- 
ethanol treatment “ 


-Base F; all reagents 
removed 


Residual Cu salts : Cu 
removed; separation 
of M 


P: Ca removed; isola- 
' tion of G-HCl and 
Cu-A 


Separation of M - 

(28) I 


ML taken to dryness 
(29) 


F ; ail reagents removed - 
(27) 


- 2 nd precipitation of - 
bases 


Base P : isolation of Ar, 
H and L 


-Ethanol and Ca re- 
moved from F; ML 
of (23) added 

(24) 


working losses are cumulative and can soon amount 
to several per cent of the total protein-N. It follows 
-that certain reagents either cannot be used at all 
or only at a stage when there is reason to believe 
they comifiy with this provision. 


hydroxyaspartate, but we are unaware of any 
corresponding citation for the two above-mentioned 
amino -acids. To avoid these large losses certain 
workers have preferred to hydrolyse the protein 
with HCl, remove the excess acid in the usual way 
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by evaporation in mcuo and then free the hydro- now ready for the 2 nd complete lime-ethanol treat- 
l 3 imte from CL with AggO. The precipitate of AgCl ment (22). Following this a 2nd precipitation of 
is much less bulky. than the corresponding one of the bases is made with phosphotungstic acid (25), 
BaSO.!, excess N is retained, but in our and as the major part of the proline has been pre- 

experience it is still appreciable and may amount viously removed the precipitate (26) contains very 
in some cases to as much as 4% of the total little non-basic-N. All reagents are then removed 
protein-N. Such losses are due to the insolubility from the base filtrate and the clarified solution 
of the Ag mercaptide of cysteine, even at fairly reduced to a small volume, when further crops of 
high concentrations of H+ [Bailey, private com- monoamino -acids separate (28). The ultimate fil- 
munication], and of both Ag aspartate and gluta- trate is taken to dryness in vacuo and granulated 
mate, for at stage 9 Ag"^ or Ci“ can be removed as with acetone to give a fine white non -hygroscopic 
AgCI at pH 3 without loss of N. According to our powder (29). 

experience CuS, CugS and Ca oxalate do not retain It will be seen that this extended procedure has 
N (except humin-N, if present); Cu+, Cu++ and enabled us to make a direct investigation, via stages 
Ca++ therefore can be removed from the hydro- 22 and 25, of the solubility factors operative during 
lysate at any stage as these salts respectively, the first treatment for the dicarboxylic acids at 
Lastly, if phosphotungstic acid be used to preeipi- stage 7, and the first treatment for the bases at 
tate the bases, this acid can be removed from both stage 10 respectively. This is, of course, one of the 
precipitate and filtrate in the usual way with amyl essential features of the analysis, and as we deter - 
Mcohol-ether mixture without loss of N, provided mine the amide -N at stage 2 and the composition 
that the aqueous phase be first saturated with ether of the mercaptide ];>recipitate at stage 4 we have 
and ether -water be used for all aqueous washings, knowledge of the gross weight and total N of the 
If this precaution is not adopted the numerous hydrolysis products present in all the various frac- 
aqueous washings soon reduce the ether content of tions. We are thus able not only to compute the 
the organic solvent mixture to such a low level that . overall losses and indicate from flow sheets at which 
a small amount of N is extracted by the amyl stages these occur, but we can determine directly 
alcohol on the Dakin principle. the gross weight of products given on hydrolysis of 

All of the above-mentioned observations have 100 g. of protein, a factor that can also be computed 

been taken into account in devising the scheme of indirectly in terms of the total N and of that in 

analysis set out in Diagram 1. The rationale is as non -peptide form [see Chibnall, 1942]. 

follows. The protein is hydrolysed with HCl, the Needless to say ail reagents employed must con- 
excess acid and the acid humin removed in the form to certain standards of purity. CuCOg must 
usual way and the clarified solution treated with be free from sulphate, chloride, and other metals; 
CugO (3) to precipitate the residual humin and the the commercial samples we have tested do not 
cystine as the cuprous mercaptide of cysteine, satisfy these requirements and we have prepared 
Following the separation of some crude tyrosine ( 6 ) burpvm from A.R. CUSO 4 . H 2 SO 4 must be N-free. 
the hydrolysate is passed through the first complete 12 -Phosphotungstic acid must be not only N-free 

lime-ethanol treatment for the isolation of the di- but also Na -free; few commercial products satisfy 
carboxylic acids (7-8). The mother liquor from this this latter requirement. The samples that we have 
.is joined with the Ca-free filtrate (9) and the first used were not purified through ether by Winter- 
j)recipitation of the bases is made with phospho- stein’s [1898] method as we were not specifically 
tungstic acid ( 10 ) ; cystine and the major part of the concerned with phosphotmigstate solubilities [Van 
aspartic acid having been previously removed the Slyke, Hiller & iSillon, 1942]. AggO and CugO must 
precipitate ( 11 ), according to our experience, con- be washed free from salts and alkali, Ca(OH )2 must 
sists almost exclusively of basic material. All re- be free from sulphate and iron; we have used a 
agents and the residual CL are next removed from commercial sample but the preparation from Ca is 
the base filtrate, which is then reduced to a small recommended, 
volume. On standing, a partial separation of the 

less soluble monoamino -acids (leucine, phenyl- Analysis of edesttn 

alanine, tyrosine and methionine) occurs (13). The An estimation of total N was made at every 
soluble products are then passed through the Cu convenient stage in the analysis [Chibnall et al, 
salt treatment of Town, when additional amounts 1943] and flow sheets giving details of aliquots 
of the above-mentioned mixed aminO-acids (21), a withdrawn were kept throughout so that factors . 
valine -^aoleucine fraction (16) and a large part of were available to correct *all values to the weight of 
the proline (18) are separated. These last few stages protein (w/p) or to the total protein-N (t.p.n.) as 
serve to reduce the monoamino- and imino-acid the case may be. The nimibers at the head of each 
content of the hydrolysate to between one-third section given below- refer to the stag(^ numbers in 
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Details of analysis 

1, 2. 61*741 g. of moisture- and ash-free protein, con- 
taining 11-52 g. of N or 18-65% were hydrolysed for 23 hr. 
with 400 ml. 20% HCl. The excess HGl was removed by 
evaporation in vacuo to a gum; water was then added and 
the mixture again reduced to a gum, the latter operation 
being repeated 6 times in all. Experience has shown that 
under these conditions ail excess HCl is removed, and the 
amount present is no more than that required to bind the 
amino-acids and ammonia. Ammonia-N, obtained by dis- 
tillation of an aliquot with alkali at pH 12-5 in a micro- 
Kjeldahi apparatus, was 10*42% t.p.n. This value is, of 
course, much in excess of the true amide-N, which is 
9-49% [Gordon et al., 1941; ChibnaU, 1942]. The acid 
humin was too small to be separated, and it was removed 
later with the alkali humin in the mercaptide precipitate 
at stage (3)., Data for the composition of the humin 
(Table 1) were obtained from a sample made by very 
cautiously treating an aliquot of the solution with lime to 
pH 7-5. Maximum precipitation was not obtained at pH 7 
with JSTaOH. The separated humin was washed and dried; 
N and ash (CaSO^) were determined. 

3, 4. The main solution was treated with CugO as 
described in a previous paper [Bailey et al,, 1943]. The 
Cu+-free filtrate was colourless, showitig that all humin 
had been removed. The precipitate contained 8=67*3% 
total protein-S and N=2*20% t.p.n. The 8 is in excess of 
that due to cystine and must represent methionine. Colori- 
metric estimation before and after the precipitation showed 
that the precipitate contained by difference tyrosine 
IST = 0-41 % T.P.N. These two latter amino-acids and prob- 
ably also very small amounts of phenylalanine and leucine 
must have separated, as such or as copper complexes, from 
the hydrolysate during the period when the mercaptide 
mixture was allowed to stand at 10° overnight, for the 
removal of CD as CU 2 CI 2 had reduced the acidity to about 
pH 3*5, in which region the solubility of these amino-acids 
is much depressed [Hill & Robson, 1934; Baptist & Robson, 
1940]. 

Table 1. Composition of the organic material 
in the mercaptide precipitate {edestin) 




Wt. as 


N as % 



0/ of 

/O 


total 


Wt. 

pro- 


pro- 


g* 

tein 

g* 

tein-H 

Humin 

0*729 

1*16 

0-0759 

0*61 

Cystine (0*2255 g. S) 

0*846 

1*37 

0*0985 

0-85 

Methionine (0*1385 g. 8) 

0*644 

1*04 

0*0605 

0-53 

Tyrosine 

0*247 

0*4 

0*0191 

0-21 

Total 

2*466 

3*97 

0*254 

2*20 


6, 6. The mercaptide filtrate and washings were collected, 
a few ml. HCl added and Cu+ removed with H 2 S. As the 
washing of inorganic precipitates such as CugS must be 
thorough if working losses are to be kept down to the 
minimum, the details of our method are given fairly fuUy. 
The many precipitates of CuS' obtained in later stages were 
treated in a similar way. 

The solution is transferred to a Buchner flask fitted with 
a rubber bung carrying a glass tube, for the entry of H 2 S, 
which reaches nearly to the bottom of the flask, the side 
limb being closed with a short length of pressure tubing 
and a screw clip. H 2 S is then passed in under a pressure 
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of about 18 in. water and the contents of the flask shaken 
until the CugS coagulates to leave a clear liquid and no 
more gas is taken up. The mixture is then filtered on a 
Buchner funnel, using a hardened paper, and before 
allowing the precipitate to pack hard it is washed 2 or 3 
times with cold water (stirring). Meanwhile the main 
filtrate is being concentrated in vacuo to a syrup to remove 
H 2 S and excess HCl if this be present. The precipitate is 
removed from the filter paper, transferred to a 250 ml. 
centrifuge bottle fitted with a rubber bung, shaken vigor- 
ously with cold water until it is completely disintegrated 
and again filtered. This oj)eration is generally repeated 
twice. The precipitate is next transferred to a 1 1, Pyrex 
beaker, 300-400 ml. of water are added and the beaker 
immersed in a boiling water- bath for 30-45 min. The pre- 
cipitate is then filtered off and the operation repeated 
5 or 6 times. Occasionally the washings become colloidal 
and it is necessary to add a few drops of mineral acid to 
induce flocculation. The collected washings are then re- 
duced in vacuo to a syrup and joined with the main filtrate. 
The resulting solution is then tested for traces of Cu+ by 
passing in HgS, filtered if necessary from any sulphide or 
elementary 8 present, and made up to standard volume for 
determination of N. 

The flow sheets show^ed that at the end of stage 5 there 
wms no detectable loss of N. The remainder of the solution 
was treated wdth lime to pH 3-5 and reduced to 200 ml. 
On standing 4 days at 0° a small crop of crude tyrosme 
separated; colorimetric estimation showed that 86% 
of the product was tyrosine [Meyer, Field Klemm, 
1940]. 

7. The filtrate and w- ashings from the tyrosine, of volume 
about 1200 ml., w-ere treated with freshly prepared cream 
of lime rmtil an excess remained undissolved. The mixture 
wms then reduced in vacuo to a syrup to remove ammonia. 
Water was then added to make the volume 400 ml., fol- 
lowed by 3600 ml. of 95 % ethanol, which w^ere added 
quickly with vigorous stirring. The separated Ca salts and 
excess lime were filtered off without delay on a Buchner 
funnel, using a hardened filter paper, and the extraneous 
mother liquor removed by pressing the mass to a hard 
pad, which was then washed with a little absolute ethanoL 
Suction was continued until most of the ethanol passed 
through and the material could be reduced to a friable 
powder by rubbing with a spatula. Unless this precaution 
be adopted difficulty will be experienced, on account of 
the presence of ethanol, in redissolving the Ca salts in a 
small volume of warm water; the dry salts nevertheless are 
hygroscopic and the suction must not be continued too 
long, especially if the laboratory air is somewhat humid. 
The material was next transferred to a beaker, warm water 
added with stirring to dissolve the Ca salts, and without 
removing the residual excess lime the volume was adjusted 
to 400 ml.; 3600 ml. of 95% ethanol were then added. 

The Ca salts were filtered off, washed as before and ex- 
tracted with about 800 ml. warm water, the small residue 
of lime being washed 8 times by stirring with 150 ml, water 
kept near the boil for a few minutes and centrifuging. The 
clear liquors were collected, Ca++ removed as described below 
with oxalic acid and the mixture centrifuged. The clarified 
solution was reduced in vacuo to 200 ml. and reserved. The 
,Ca oxalate was washed once with cold water, and then 
8 times with 150 ml. hot water,* the collected washings were 
cooled to room temperature and kept for some time to 
permit the recrystaUization of the small amount of re- 
dissolved oxalate. The latter was removed by centrifuging, 
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the clear wasMiigs collected and reduced in voguo to 50 ml. 
The small amount of oxalate that separated was centri- 
fuged off and the clarified liquor added to the main solution 
mentioned above. The volume w^as then made up to 1 1. 
and 5 ml. withdrawn for analysis. The total N present 
(corrected) was equivalent to 20*1% t.p.n. 

Without delay each of the two lime-ethanol filtrates was 
reduced in mmo to a syrup to remove ethanol and traces 
of OTg. The syrup from the first filtrate , was then taken 
up in about 11. of water and oxahc acid added until no 
further xnecipitation occurred. The Ca oxalate was removed 
by centrifuging, washed once with hot water and reserved 
for treatment later. The clear centrifugate was taken to a 
syrup in vamo^ water added and again removed in vacuo, 
this treatment being applied 4 times in all to remove HOI 
set free from any CaCia that had originally been present in 
solution. The removal of HOI at this stage is necessary, as 
Ca cannot be completely precipitated as oxalate in its 
presence, The syrup was again taken up in water and just 
sufficient oxalic acid, added to throw out a small precipitate 
of Oa oxalate, which was removed by centrifuging and 
washed once. Both oxalate and washing were reserved. 
The syrup from the 2nd lime-ethanol filtrate was treated 
with oxalic acid, the Ca oxalate washed once as before and 
reserved. The clear centrifugate was reduced in vacuo 
4 times as before to remove free HCl. Just sufficient oxahc 
acid was then added to throw out a fairly heavy precipitate 
of Ga oxalate, which was washed once and reserved. Free 
HCl was again removed as before, followed by precipitation 
of the Ca as oxalate. The number of times this operation 
must be repeated varies with the solution concerned; in 
the present case 4 treatments were necessary. All the 
precipitates of oxalate fr*om both filtrates were then col- 
lected and washed thoroughly 8 times in succession with 
250 ml. boiling water. The combined filtrates, including 
those from the initial 1st washings, were then reduced 
in vacuo, added to the two main centrifugates and the 
solution reduced in vacuo to 200 ml. Final adjustments for 
the removal of Ca and oxalate ions were then made, the 
small precipitate washed and the filtrate and washings 
made up to 1 1. for the determination of total N. 

8. (Abbreviations: G-HCi, glutamic acid hydrochloride; 
Cu-A, Cu aspartate.) The solution was reduced in vacuo to 
200 ml., the very small amount of Ca oxalate that sepa- 
rated was filtered off, the filtrate and washing again reduced 
in vacuo to 50 ml., filtered from a further small amount of 
separated Ca oxalate, and the filtrate and washings trans- 
ferred to an open dish with about 30 nd. cone. HCl. Evapo- 
ration was then allowed to proceed to incipient crystalHza- 
tion on a water-bath. After standing at room temperature 
overnight the separated material was filtered off on a 
sintered glass crucible, washed with a little cone. HCl 
followed by absolute ethanol, and dried off vacuo over 
NaOH to give G-HCl crop 1. 

The filtrate was reduced m vacuo 6 times to remove free 
HCl and taken up in 600 ml, boiling water. Purified CuCOg 
was added in excess and the hot solution filtered imme- 
diately on a hot funnel to remove the excess carbonate. 
The filtrate was cooled and kept at 0° for 4 hr. Gu-A crop 1 
was filtered off and washed many times with water, fol- 
lowed by ethanol and ether. Cu++ was removed from the 
filtrate with H 2 S in the presence of HCl, and the CuS 
washed. The clarified filtrate and washings were collected, 
reduced in vacuo to 20 ml., transferred to an evaporating 
basin, a few ml. cone. HCl added and the mixture reduced 
to 5-6 mi. on a water-bath. On stahdmg for 20 hr. at 0® 


G-HCl crop 2 separated; this was filtered, washed and dried 
as described above. 

On further treatment in the same way Cu-A crop 2 and 
G-HCi crop 3 were obtained. Excess HCl was removed 
from the mother hquor and a 3rd lime-ethanol precipita- 
tion made from an aqueous volume of 30 ml. The filtrate 
was freed from. Ca++ as described above. The precipitate 
was redissolved in water and Ca++ removed with oxalic 
acid until the pH was reduced to 3*2. The clarified solution 
was next reduced to about 20 ml. and kept at 0° overnight 
when a small crop of crude tyrosine, =0*30% w/p, sepa- 
rated. Ca++ was then removed from the mother liquor. 
The clarified solution gave Cu-A crop 3 but no glutamic 
acid. The Hme-ethanol treatment was then applied twice 
in succession, from aqueous volumes of 10 and 30 ml. re- 
spectively. The clarified precipitate, on standing many 
weeks, gave G-HCl crop 4 containing 4% ash (CaS 04 ), but 
no Cu aspartate could be separated. The final mother liquor 
contained 0*1173 g. H (corrected), = 1 % t.p.n. Flow sheets 
showed that at the end of stage 8 the overall working losses 
amounted to 25*8 mg. N (actual) or 30*4 mg. N (corrected), 
equivalent to only 0*27 % t.p.n. 

9, 10, The five lime-ethanol filtrates (the last two still 
contained Ca++), together with the mother liquor men- 
tioned above, were collected, freed from ethanol, and made 
up to 1 1. The total N, uncorrected, was 7*82 g. For the 
precipitation with 12-phosphotungstic acid (p.t.a.) two 
trial runs with a mixture of 50 ml. solution, 50 ml. water 
and 14 ml. cone. HCl showed that 20 g. p.t.a. in 20 mi. 
water were in sHght excess. 895 ml. of the main solution 
were accordingly diluted to 1795 mi. with water and 240 mi. 
cone. HCl added. The whole was ’warmed to 60° and a 
warm solution of preeix^itant (216 g, p.t.a, in 400 ml. water) 
poured in with stirrmg. The two trial runs were then added 
and the mixtui'e allowed to stand for 2 days at room tem- 
perature. The precipitate was filtered on a Buchner funnel 
using a hardened paper, suction being maintained until the 
material had been pressed down to a hard pad and no 
further liquid passed. The material, still on the paper, was 
next puddled to a fine cream with 100 ml. of wash solution 
(2*5 g. p.t.a. in 100 mi. of N HCl); suction was then applied 
and the material again pressed dovui to a hard pad, Tliis 
pad was broken with a spatula and transferred to a cylin- 
drical separating funnel. The Buchner funnel and hardened 
paper were then well washed with water, the washings, 
being transferred to the separating funnel to give a final 
aqueous volume of about 1500 ml. 100 ml. cone. HCl were 
then added and the mixtiu-e shaken vigorously to give a 
fine cream. To remove the p.t.a. the foUo’wing organic 
solvent was used: amyl alcohol (x>yridine-free and well 
washed with approximately N HCl), 20 parts; 0*720 ether, 
25 parts; absolute ethanol, 1 part. 200 ml. of this were 
' added to the funnel and the mixture shaken; a fui'ther 
2 lots of 100 ml., making 400 ml. in all, were required to 
effect a clean separation. The solvent was drawn off and 
washed with 400 ml, of ether- water. This aqueous washing 
was added to the main aqueous solution, which was then 
washed with 4 lots of 50 ml. and 5 of 80 ml. of the organic 
solvent successively. The aqueous solution was then reduced 
in vacuo to a syi'up to remove excess HCL Ail the organic 
solvent solutions ’were then collected (voL about 900 ml), 
600 ml. of ether added (to dex>ress solubility of amino -acids) 
and the mixture washed 10 times successively with 60-70 ml. 
N HOI saturated with ether. The aqueous washings were 
collected (vol. about T5 1.) and washed 8 times successively 
with 60 ml. of the organic solvent. The latter were collected 
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(vol. about 450 ml.), 150 ml. ether added and the mixture 
washed 8 times successively with 70 ml. of the N HCl- 
‘ ether- water. The collected aqueous washings were given 
tw^o final washings with 40 ml. of the organic solvent and 
then reduced in vacuo to a syrup to remove excess HCL 
This syrup, together with that from the main solution, 
was taken up in about 300 ml. water, filtered to remove a 
faint mist of amyl alcohol and the clear but slightly brown 
filtrate made up to 1 1. The total N was 3*894 g. = 33-8% 
T.p.N. The P.T.A. organic solvent solutions were reduced m 
volume to about 400 ml. and made up to 500 ml.; the 
total N was 6-7 mg. 

11. The analysis of the base solution is described in 
Section 5. 

12. The base filtrate was freed from p.t.a. by a procedure 
similar to that described above. The organic liquors re- 
tained only 6*0 mg. N. The clarified filtrate contained 
N=34*9% and ammo-ISr=31*0% t.p.n. respectively. The 
procedure for the removal of inorganic ions was as foUows. 

Chloride. The excess HOI was removed by evaporation 
in vacuo to a gum, water being added and the operation 
repeated 6 times in aU. The residue was taken up in w^ater 
(300 mi.) and the bound HCi removed with moist AggO, 
the solution being kept below pH 3 by the cautious addition 
of 0*5 iV H2SO4, of which about 300 ml. were required. The 
AgCl was filtered off on a Buchner fumiel, transferred to a 
beaker, brought to the boil with 700 ml. of water (stirring) 
and again filtered. The washing was twice repeated. The 
collected washings were reduced in vacuo to 150 ml. and 
allowed to stand; CaS04 separated and was filtered off. 
A small amount of CaS04 had also separated from the pain 
solution on standing; this was also filtered off and joined 
to that mentioned above. The combined material was then 
washed 3 times with hot water and the washed CaS04 
served. The AgCl was next washed 8 times in succession 
by bringing to the boil with about 300 ml. of N HCI and 
filtering. The washings were taken to dryness m vacuo to 
remove excess HCi, precipitated with Ag2S04, the preci- 
pitate washed and the filtrate added to the main solution. 

Silver. The solution and washings were treated with HgS, 
the AggS filtered off on a Buchner funnel and washed in 
the same way as the CugS described above. 

Calcium sulphate. The solution and washings were con- 
centrated to the incipient crystallization of CaS04; ^ vol. 
of 95 % ethanol were then added and the mixture allowed 
to stand overnight. The CaS04 was filtered off and washed 
5 times successively by boiling with 100 ml. of water for 
30 min. The washings were concentrated to about 60 ml. 
in vacuo, allowed to stand for a few hours, the small amount 
of separated CaS04 filtered off and washed 3 times with 
* hot water. 

Sulphate. The solution and washings were collected and 
sulphate precipitated as completely as possible wdth baryta, 
the mixture being heated on a water-bath for about 1 hr. 
The precipitate was filtered off on a Biichner funnel and 
washed 6 times successively by bringing to the boil with 
about 200 ml. of water. The filtrate and washings (at 
pH 7'3) were collected, reduced in vacuo to about 200 ml. 
and without removing the small aniount of separated BaS04 
a slight excess of Ba++ was carefully removed with H2SO4. 
The precipitate was filtered off and washed. A second and 
final adjustment for Ba++ and 804“* was made after con- 
centration of the filtrate and washings to a small volume. 

The BaS04 and the AgCl from all these operations were 
collected and treated wdth 600 ml. N HCI at 80° for 8 hr. 
The filtrate and washings were collected, excess HCI and 
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Cl~ removed in the usual way and the final filtrate added 
to the main solution. The working loss during the removal 
of all the above-mentioned inorganic ions was 17 mg. N 
actual and 23 mg. N corrected. 

13, 14. In the edestin analysis stage 13 was omitted, and 
the solution of amino-acids was treated with CuCOg to 
make the Gu salts by the method of Town. These were 
granulated with A. R. acetone. 

15,16. (Abbreviation: M.A., monoamino-acids.) The dry 
salts, in a 250 ml. centrifuge bottle, were given 7 successive 
extractions with approximately 150 ml. carefully dried 
methanol (dehydrated twice over Ca) by shaking in a 
mechanical shaker for approximately I hr. each time. The in- 
soluble residue was extracted repeatedly at room temperature 
with water until the extracts were colourless. These aqueous 
extracts were evaporated in vacuo and granulated with 
acetone as before. The dry material was then given 8 ex- 
tractions as before with methanol. The residue from this 
last operation was taken up in water, evaporated to a syrup, 
and after granulation with acetone the extraction with 
methanol -vvas continued, the 4th and 5th extracts being 
nearly colourless. The collected alcoholic extracts were re- 
duced to a syrup, which was granulated with acetone and 
then re-extracted with the solvent. The alcoholic extracts 
were united and reduced to a syruj), which was then taken 
up in water and Cu++ removed with H3S. After washing 
the CuS in the usual way the solution was reduced to 40 ml., 
and cooled to 0° overnight. The crystalline material that 
separated was filtered off, the mother liquor was reduced 
in volume, ethanol added to faint turbidity and the mixture 
warmed until the solution cleared. On standing at 0° 
overnight a 2nd crop of crystalline material separated. The 
collected products, m.a. crop 1, weighed 3*959 g. (5*318 g. 
corrected) and contained 11*74% N. 

17, 18, 19. When present in fair concentration proline is 
partially precipitated by p.t.a. under the conditions of a 
base analysis; it was decided therefore to remove as much 
as possible of this imino-acid to prevent contamination of 
the second base precipitate at stage 25. The filtrate from 
the separation of m.a. crop 1 at stage 15 contained 0*165 g. 
amino-H and 0*204 g. non-^amino-N (corrected 0*2216 and 
0*2740 g. respectively). A small aliquot was first passed 
through the laborious CdCla procedure of Town [1936], but 
the incidental losses were appreciable and the amount of 
non-amino-H in the final solution less than expected. Town 
himself found that the proline was not quantitatively pre- 
cipitated by one treatment, and King [1941] records a 
similar finding. The remainder of the solution was therefore 
reduced to 30 rol. and picric acid (5*016 g.= non-amino -N) 
in a small volume of hot water added. On standing at 0° 
a 1st crop of proline picrate (3*296 g.) separated and on 
reducing the volume a 2nd crop (1*153 g.) was obtained. 
The combined crops were equivalent to T996 g. proline 
(corrected). The mother liquor was acidified with HCI, the 
precipitated picric acid filtered off, the liquors extracted 
6 times with ether to complete the removal, and reserved 
for stage 22. 

20. Cu+'‘- was removed from the solution of water- 
soluble salts, which wns then reduced in vacuo to 25 ml. 
and kept overnight ft 0°. m.a. crop 2 separated; wt. 
1*9213 g. or 2*575 g. corrected; ]Sr = 10*11%, all in the 
amino-form. The mother liquor was reserved for stage 22. 

21. The residual Cu salts were extracted repeatedly with 
large volumes of water in a beaker heated on the water- 
bath, conditions which would remove any Cu aspartate. 
Each extract was filtered off, and w’hiie stfil hot Cu++ was 
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removed with H^S. The OiiS w^as washed in the usual way 
and the collected liquors reduced m mcwo. Three crops of 
monoamino-acids wnre obtained; coUeeted these gave m.a. 
crop 3; wt. 7-3916 g. (corrected); 11-26%. The mother 
liquor was reserved for stage 22. The final insoluble residue, 
which was thought at the time to be excess CuCOg , almost 
certainly contained, according to later experience, the very 
insoluble Cu salt of methionine and possibly also that of 
phenylalanine; it also contained subordinate amounts of 
humin, and these products are in large part responsible for 
the recorded loss of N during the Cu salt treatment (stages 
15-20), which amounted to 0-209 g. (corrected) = 1*94% 
T.r.N. To guard against the possibility that the 3 crops of 
monoamino-acids separated at stages 16, 20 and 21 re- 
spectively contained either aspartic or glutamic acid, 
though none gave any significant titration for dicarboxylic 
acids, an aliquot of each crop was taken, dissolved in hot 
w'ater, NHg added to pH 8-8 and the mixture cooled 
[Osborne & Liddle, 1910a]. The crystalline mass of mono- 
amino-acids was filtered off and the mother liquor reduced 
to a small volume. The lime-ethanol treatment was then 
applied, but the precipitate was free from N. 

22,23. (Abbreviations: G-HCl, glutamic acid hydro- 
chloride; Cu-A, Cu aspartate.) The collected solutions were 
treated with a 1/10 vol. cone. HCl and boiled gently for 
2 hr. to open the pyrrohdone ring. The subsequent treat- 
ment was similar to that applied at stages 7 and 8 and 
calls for no special comment. The lime-ethanol treatment 
was applied 3 times in all, from aqueous volumes of 60, 20 
and 100 ml. respectively. The clarified solution from the 1st 
precipitate contained 0*1935 g. H (corrected 0-2599 =2*22% 
T.P.N.) and 0*1538 g. amino-N; from it was isolated 
0*5457 g. Cu-A and 0-4578 g. G-HCi. The 2nd treatment 
gave 0*1148 g. Cu-A and in 2 small crops 0*1609 g. 
G-HCl; the 3rd treatment 0*0848 g. G-HCl. The various 
lots were collected to give 0-9102 g. (corrected) of Cu-A 
(Table 2, crop 4) and 0-9684 g. (corrected) of G-HCl 
(Table 2, crop 5); the latter contained 4*96% of CaSO.!. 
The final mother liquor contained 0*0270 g. H (corrected), 
equivalent to only 0-27 % t.p.n. 

24, 25, 26. The procedure followed that of stages 10 and 
11, the base precipitation being made from a total volume 
of 290 ml. with 25 g. p.t.a. in 20 ml. water. The base solu- 
tion contained 0-1185 g. N of which 0-0778 g. was amino-N; 
the total H (corrected) was 0*1592 g. or 1*29% t.p.n. The 
analysis for the 3 bases is given in Section 5; only 0*051 g. N, 
all in the amino-form and equivalent to 0*45 % t.p.n., was 
unaccounted for. The separation of proline at stage 18 had 
therefore been effective. 


27, 28, 29. The base filtrate was freed from p.t.a. and all 
inorganic ions as in stages 10 and 12. The final solution 
was evaporated to a small volume and taken to dryness in 
a vacuum desiccator. The residue was a non-hygroscopic 
white powder; ash free it weighed 12-08 g. (corrected) and 
^-contained 13*15% N. Tests for the presence of dicarboxylic 
acids and bases by the methods detailed more fully in the 
corresponding section of the egg-albumin analysis v'ere all 
negative. The fraction will presumably contain all the non- 
nitrogenous products, except those condensed to humin, 
which had been formed by deamination of certain of the 
amino-acids during the 20% HOI hydrolysis, evidence for 
which is revealed in the production of HHg in excess of 
the true amide-JSF. 

Results of analysis 

If present in the hydrolysate, tyrosine will be 
partially precipitated during the lime-ethanol treat- 
ment, so will phenylalanine and leucine if baryta be 
employed instead of lime. All three of these amino - 
acids, especially the former, will separate readily as 
the hydi'ochloride in the presence of 20 % HCl; they 
may, in consequence, be serious contaminants of 
the glutamic acid liydrochloidde isolated at stages 
8 and 23. In the procedure we have adopted the 
only likely contaminant is tyrosine hydrochloride, 
and as this is fairly readily soluble in absolute 
ethanol we always make a point of thoroughly 
washing our products with this solvent. The various 
crops of glutamic acid hydrochloride cited in Table 2 
were analysed for ash and total N [Chibnall et al., 
1943], and their pmity was controlled by confirming 
that the titration value in the micro -Kjeldahl was 
exactly one -half of that obtained when the same 
weight of material in aqueous solution was titrated 
to pH 7*3 (blue tint with bromothyinol blue); 
working to fine limits, 1 % monoamino -acid im- 
purity can be detected in this way. The necessary 
criteria for checking the purity of Cu aspartate have 
been discussed in a previous paper [Bailey aJ., 
1943]: data for the various crops obtained in the 
present analysis are given in Table 2. 

The detailed results of the complete analysis are 
given in Table 3. It is to be remembered that the 



Table 2. Analytical data for glutamic and aspartic acids from edestin 



Glutamic acid 
hydrochloride 



Copper aspartate 





A 



t 





Wt.' ^ 


— ^ xvotation 01 

glutamic acid 
in 9% HCl 

■ [«]i) 

+ 30-3 
[ +234 

‘ ' +. 7-3 " 

Wt. 

(corrected) 

g- 

10*71 

2*192 

1*354 

0-910 


un annyarous materiai 

Crops 

1 

3 

. "4 

(corrected) 

g- 

10*722 

1*994 

0-590 

1*511 

0-928 

N 

%: 

7-63 

7-65' 

7*67j 

7*61] 

7*68) 

H 2 O 

0/ 

/O 

29-15 

29-35 

29-02 

29-36 

Cu 

.0/ 

/o 

32*54 

32-70. 

32-43 

32-28 

0,-' 

/o 

', 7 - 22 ' ' 

7.-22 

7*21 

7*11 

Theory 

15-745 ■ 

*7*63 


15466 

-29-4 

32*69 

7*19 
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Table 3. Analysis of edestin 


Stage 


Wt. 

Wt. as % of 

N 

N as % total 

(diagram 1) 

Fraction 

g* 

protein 

g* 

protein -N 

4 

Mercaptide precipitates ; 

Humin 

0*729 

1*16 

0*0759 

0*61 


Cystine 

0*846 

1*37 

0*0985 

0*85 


Methionine and tyrosine 

0*891 

1*44 

0*0796 

0*74 

6 : , 

Crude tyrosine 

2*549 

4*13 

0*1973 

1*71 

7, 22 

Glutamic acid 

12*658 

20*50 

1*203 

10*44 

7, 22 

Aspartic acid 

7*372 

11*95 

0*7765 

6*74 

2 

Ammonia 

1*44 

2*36 

1*205 

10*42 

11, 23 

Arginine 

10*31 

16*69 

3*320 

28*81 

11, 23 

Histidine 

1*464 

2*39 

0*3948 

: 3*47 

11,23 

Lysine 

1*431 

2*32 ■ 

0*2802 

2*39 

16 

Monoamino-acids, crop 1 (h[ = 11*74%) 

5*318 

8*61 

0*6243 

5*43 

20 

Monoamino-acids, crop 2 (lSr = 10*11%) 

2*575 

4*17 

0*2603 

2*26 

21 

Monoamino-acids, crop 3 (]Sr = 11*26%) 

7*606 

12*32 

0*8282 

7*21 ' 

29 

Monoamino-acids, crop 4 (N = 13*15%) 

12*22 

19*56 

1*59 

13*86 

18 

Proline 

1*996 

3*23 

0*2428 

. 2*11 


Total accounted for 

69*41 

112*22 

11*18 

97*05 


Unaccounted for 

3*27(?) 

5*31 

0*34 

2*95 


Taken for analysis (61*74 g. protein) 

72*68 

117*7 

11*52 

100*0 


value for proline represents that actually isolated 
as picrate and is not to be regarded as maximal; 
Osborne & Liddle [19106] found 4T %. 

The overall loss amounted to 2*95% t.p.n., and 
the individual losses at the various stages are re- 
corded in Table 4. The major loss occurs during the 
Cu salt treatment covering sta^ges 14--21, and there 
is reason to believe that this falls almost exclusively 
on the more insoluble monoamino -acids, particu- 
larly methionine, and subordinate amounts of 
humin. The overall loss to stage 8, which occurred 

Table 4, Losses recoi'ded at certain stages of analysis 
{edestin) 

Total N 
(corrected) 


Stages 

Origin 

r 

g* 

% 

total 

pro- 

tein-N 

1-' 8 

Overall losses to the removal of 

0*0304 

0*26 

11,. 12' . 

the main bulk of glutamic and 
aspartic acids 

Retained by organic wash liquors 

0*0128 

0*11 

12 

Removal of inorganic reagents 

0*0230 

0*20 

14-21 

Copper salt fractionation; loss 

0*20 

1*76 

26^^' 

chiefly monoamino-acids 
Unaccounted for in base solution 

0*0519 

0*45 

21-29 

Overall loss (diff.) 

0*0219 

0-22 

1-29" 

Total 

0*34 

3*0 


given our reasons for the belief that in the present 
edestin analysis small solubility factors can be 
legitimately applied at stage 22. When account has 
been taken of these factors our final results for 
glutamic acid and aspartic acid are 20*70 and 
12*0% w/p respectively (Table 14), and in view of 
what has been said above we believe that these are 
within 1-2 % of the true values. Solubility correc- 
tions for the bases are discussed in Section 5. 

lie verting to the data given in Table 3, we see 
that 69*41 g. of hydrolysis products have been iden- 
tified, and that these represent 97*05 % of the total 
protein-N. If we assumed for reasons given above 
that the loss to stage 8 represents dicarboxylic acids 
with an average of 10% IST, that the loss covering 
stages 14-21 represents monoamino -acids with an 
average of 9 % N, and that the other losses represent 
amino -acids with an average of 42 % IST, then calcu- 
lation shows that the gross weight of unidentified 
products, containing 0*34 g. N, would be 3*27 g. 
This value has been incorporated in Table 3 and 
permits the deduction that 100 g. protein have 
given 117*7 g. hydrolysis products. The computed 
value, based on the total N and the peptide-N of the 
protein [Chibnall, 1942], is 117*8; agreement is 
good, considering the assumption made with respect 
to the humin and unidentified products in Table 3: 

3. AnalyHs of egg albumin 


in large part during the working at that stage itself, 
must fall in part on the dicarboxylic acids, but from 
stage 9 onwards the concentration of these, espe- 
cially at stage 25, is so low relative to the other 
products present that their contribution to the re- 
maining losses must be very small indeed. In a 
previous paper [Bailey et al., 1943] we have dis- 
cussed the solubility of the Ca salts of the dicarb- 
oxylic acids in the lime -ethanol procedm*e, and have 


The edestin procedure needed slight modification 
on .acco-unt of the larger proportion of monoamino - 
acids in the egg albumin hydrolysate. In the de- 
scription that follows only points, of difference or of 
unusual interest will be noted. 

Details of analysis 

1, 2. The sample of coagulated protein [Chibnall et al.^ 
1943] contained 0*44% ash, and ash- and moisture-free 
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15>76% N", 62-02 g. ash* and moistnre-free protein con- 
taining 9*78 g. H were dissolyed in 600 ml. 20% HCl by 
heating on a water- bath for 6 hr. The mixture was then 
boiled imder reflux for a further 24 hr. and the excess HCl 
removed in the usual way. Acid humin was then removed 
and washed 3 times with cold and 3 times with hot water; 
it contained 7 % ash. The ash-free product weighed 0-862 g. 
and contained 0-0633 g. N. To avoid the withdrawal of 
a large aliquot from the main hydrolysate to determine 
alkali humin, part of which is carried down in the mer- 
captide precipitate, a separate small hj^’drolysis under iden- 
tical conditions was carried out for this purpose. Alkali 
humin was determined by adding CaO to pH 7-5. The 
weight, ash-free, and calculated in terms of the main 
hydrolysate, was 1:061 g. and the total N 0-0652 g. The 
filtrate was deep straw-coloured, showing that all the 
humiDihad not been removed. 

3, 4f S. As 0*0162 g. of alkali humin-N was removed in 
the iime-ethanol treatment at stage 8 it is assumed that 
the remainder of that estimated above has been carried 
down in the mercaptide precipitate. The latter (wt. 50-5 g.) 
contained organic-S in excess of that due to cystine and 
by difference 0*3% w/p of tyrosine. It is clear, therefore, 
that as in the case of edestin the conditions during the 
precipitation have caused the separation of the less soluble 
monoamino-acids or their copper complexes. To ascertain 
whether aspartic acid or arginine were concerned, 10 g. of 
the product was dissolved in 250 ml. HCl, Cu+ removed 
with HgS, the precipitate of CuaS and humin weU washed 
and the clarified solution reduced in vacuo to remove excess 
HCL Treatment with flavianic acid by the method of 
Vickery [1940] gave 21*4 mg. recrystallized material [Lucas 
& Beveridge, 1940] which was definitely not arginine mono- 
fiavianate, for it did not possess the characteristic golden 
lustre and on attempting a second recrystallization (see 
Section 5) it remained in solution. The flavianate mother 
liquors were collected, excess flavianic acid removed as 
described in Section 5, and the lime-ethanoi treatment for 
dicarboxylic acids applied from an aqueous volume of 
18 ml. The Ca precipitate, when treated as in stage 8, gave 
a solution containing 42-2 mg. N and from this various 
crops of impure Cu cysteate were separated, but a careful 
search failed to give evidence for the presence of Cu 
aspartate. The final data for the composition of the mer- 
captide precipitate are given in Table 5. The mercaptide 
filtrate, still somewhat coloured, was freed from Cu+ with 
HgS without the addition of HCl, consequently the concen- 
tration of Cl“ at the 1st lime-ethanol stage was very low. 


• Table 5. Composition of the organic material 
in the mercaptide precipitate {egg albumin) 




Wt. as 


N as % 



%of 


total 


Wt. 

pro- 

N 

pro- 


g* 

tein 

g- 

tein-N 

AlkaH humin 

0-74 

1-20 

0-0490 


Cystine 

1*10 

1-78 

0-1282 

i-sr 

Methionine 

1-60 

2*59 

0*1582 

1*62 

Monoamino-acids (diff.) 

0-59 

0-95 

0-0589 

0-60 


4-01 

6-52 

0-3943 

4-03 

7, S, 9. Two successive 

treatments with 

lime-ethanol were 


made from aqueous volumes of 500 ml. There was insuffi- 
cient Cl“ present at the second operation to flocculate the 
precipitate, and it was necessary to add 8 g. crystalline 
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CaClg . On redissolving the precipitate the residual lime re- 
tained 0-0162 g. alkali humin-N. During the treatment with 
HCl to effect the separation of G-HCl much darkening of 
the solution occurred, due presumably to the decomposition 
of the glucosamine moiety of the polysaccharide present in 
egg albumm [cf. Neuberger, 1938]. As a result 0-157 g, 
acid humin, containing 0-0122 g. N, was removed prior to 
the 3rd treatment with hme-ethanol, which was made from 
an aqueous volume of 500 ml. The 4th treatment was also 
made from a similar volume, and in the final clearing of the 
material recovered from the precipitate it was necessary to 
remove S 04 == (from the protein ash) as CaSO.^ with ethanol. 
From all these operations 4 crops of Cu-A, containing 
aspartic acid equivalent to 7*74% w/p, and 4 crops of 
G-HCl, containing glutamic acid equivalent to 13-89% 
w/p, were obtained. The final filtrate contained (corrected) 
0-0932 g. N of which 0*0664 g. ( = 0*68% t.p.n,) was 
amino -N. The overall loss to the end of stage 8 was 14-7 mg. 
N (17*9 mg. N corrected) and the flow sheets showed that 
this occurred in large part during the separation of the 
glutamic and aspartic acids. 

9, 10, 11. The precipitation of the bases with P.T.A.. was 
made from a total volume of 21. As the hydrolysate con- 
tained such a high proportion of monoamino-acids the base 
solution, freed from p.t.a., was Teprecipitated from a .total 
volume of 1450 ml., the mixture being allowed to stand 
at 0° overnight. It is doubtful if any benefit resulted from 
taking this precaution, as the residual solubility of the 
arginine phosphotungstate was considerable: the final base 
solution nevertheless was free from extraneous-N (see 
Section 5). The whole operation, including the removal of 
P.T.A. from the two filtrates, resulted in a loss of only 
8*7 mg. N (11*1 mg. N corrected). 

The loss on removing ail inorganic reagents and excess 
Cl” was 7-4 mg. N (10-1 mg. corrected). On evaporation of 
the clarified solution 3 crops of monoamino-acids were 
removed. 

14-21. The filtrate from stage 13 was brownish, and 
clearly contained humin, part of which probably may have 
resulted from the operations of stage 8. On treating the 
solution with excess CuCOa to make the Cu salts a small 
reduction to CugO occurred, presumably due to glucosamine 
or its derivatives. The extraction of the dry salts with 
ethanol and cold water proceeded smoothly and but little 
material was subsequently removed from the residue , by 
treatment with boiling water, probably because the amino- 
acids concerned had been separated at stage 13. On re- 
moval of C 11 ++ from the various fractions the CuS retained 
50 mg. humin-N. The separation of proline, at the picric 
acid stage, was more difficult than in the case of edestin 
on account of the presence of hydroxyproiine, and frac- 
tional crystallization was necessary. The yields of the two 
picrates (m.p. 153° and 189°) were equivalent to 1-632 g. 
of proHne or 2-63 % w/f and 0-262 g. hydroxyproiine or 
0*42% w/p respectively. The overall loss in the complete 
Cu treatment was 0*144 g. ; as in the case of edestin we 
believe the major part of this to be due to the insoluble 
Cu salt of methionine. 

22, 23. The collected solutions were treated with a 1/10 
vol. cone. HCi and gently boiled for 2 lir. to convert any 
pyrroMdone carboxylic acid present to glutamic acid. 
Excess HCI was then removed and the lime-ethanol treat- 
ment applied 3 times in succession from 200 ml. of aqueous 
solution. The clarified solution from the ultimate preci- 
pitate contained 0-2057 g. N (0-385 g, corrected) of which 
only 0-147 g. was amino-N, indicating the pre.sence of much 
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arginine due to recrystallization of the base precipitate at 
stage 10. G-HCl crop 5, and a fraction of Cu-A were 
"separated: the latter needed recrystallization. The lime- 
ethanol treatment was then applied once more from 200 ml. ; 
the clarided solution from the precipitate contained 
0*0807 g. N and 0*0597 g. amino-N. G-HCi crop 6, and a 
fraction of Gu-A were separated; the latter was added to 
that mentioned above to give Cu-A crop 5. The final mother 
liquor contained 58 mg. of amino-N (corrected) equivalent 
to 0*59% T.p.isr. Much of this was probably , due to serine, 
as egg albumin contains many per cent of this hydroxy- 
amino-acid [Martin & Synge, 1941]. The loss during these 
operations was 18*7 mg. (corrected), part of which must 
fall on the dicarboxytic acids. 

24, 25, 26. The base precipitation was made from a total 
volume of 290 ml. The precipitate was filtered off, washed 
on the filter paper and then redissolved (incompletely) by 
warming with 180 ml. of p.t.a. wash solution for 10 min. 
at 80°. The mixture was allowed to stand at room tem- 
perature for ‘2 hr. and then filtered off. The filtrate was 
shown later to contain much arginine, and as in stage 10, 
it is doubtful if this recrystallization Avas of any advantage. 

27, 28, 29. The clarified solution on evaporation to a small 
A^olume gave m.a. crop 5, containing 12*31 % N and on 
taking the mother liquor to dryness in a vacuum desiccator 
there was obtained a final fraction containmg 3*7% ash. 
Ash-free, this residual product Aveighed 4*34 g. (9*297 g. 
corrected). 

As the base precipitate at stage 25 had been recrystaliized 
Ave suspected that a small amount of arginine phospho- 
timgstate had remained in solution. Accordingly 2*604 g. 
of the final residue was dissolved in 75 ml. water and 
argmine flavianate precipitated by the method of Vickery 
[1940], using 2*4 g. flaAdanic acid. The yield of arginine 
flaAdanate (tested for purity as described in Section 5) was 
equivalent to 0*1358 g. arginine (corrected). The excess 
flavianio acid was removed from the filtrate by strongly 
acidifying with HCi and extractmg with amyl alcohol- 
ether mixture. The aqueous solution freed from excess 
HCI Avas then submitted to the lime-ethanol treatment 
from a volume of 50 ml. The clarified solution from the 
precipitate contained 38*7 mg. N, equivalent to 0*88% 
T.P.N. and it was considered that the major part of 
this would be due to serine. Abderhalden & Kautzsch 
[1912] observed that aspartic and glutamic acids were pre- 
cipitated by Hg acetate, and we have found that this is so 
even in the presence of 10 times the equivalent of serine. 
The above-mentioned solution was treated accordingly and 
the precipitate freed from Hg++ Avith KgS. The clarified 
solution (8*9 mg. N=0*3% t.p.n.) gave a small amount of 
good crystallin Cu aspartate, in amount (corrected) equi- 

Table 6. Analytical data for glutamic 


Glutamic acid 
hydrochloride 


Crops 

Wt. 

(corrected) 

A 

: N ' 

% 

Rotation of 
glutamic acid 
in 9 % HCI 
[“Id 

1 

•■■■7*425;.'.,:','. 

7*65 

+ 31*7 

2 . 

■ 1*762. 

'7*65 

+ 31*3 

3 

■ ■ 0*735 : 

7*64 

+ 29*7 ■ 

4 

0*770 

7*61 

+ 13*6 

5 

0*884 

7*67 

+ 26*1 

6 

0*727 

7*66 

+ 5*5 , 
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valent to only 17 mg. of aspartic acid or 0*03% w/p and 
in excellent agreement with the calculated solubility correc- 
tion [Bailey et al., 1943] for stage 23. No glutamic acid 
hydrochloride could be isolated. 

The mother liquors and the various filtrates were then 
collected, aU reagents removed, and the clarified solution 
submitted to electrodialysis by Mr A. H. Gordon. Only 
3 mg. N (10*6 mg. N corrected=0“ll % t.p.n.) passed into 
the cathode compartment, showing that no appreciable 
basic-N was present. The object of this last experiment was 
to demonstrate the absence of ornithine, for the properties 
of this base are such that it would almost certainly have 
escaped precipitation Avith phosphotungstic acid at stages 
10 and 25. In Table 7 monoamino -acids crop 7 represents 
the residual 9*297 g. less the amount of arginine and 
aspartic acid subsec|uently isolated. 

Results of analysis 

The analytical data for the various crops of glu- 
tamic acid hydrochloride and copper aspartate are 
given in Table 6. Calculation shoAVS that the glu- 
tamic acid hydrochloride isolated at stage 8 (i.e. 
crops 1—4) represents 8*269 g. of Z( + ) -glutamic acid 
and 0*384 g. of dZ-glutamic acid; the corresponding 
Aveights for stage 23 are 0*721 and 0*6 g. respec- 
tively, shoAving that the solubilities of the tAvo Ca 
salts in the modified Foreman procedure are similar 
[Bailey et al., 1943] and refuting the contrary claim 
of Kogl, Erzleben & Akkermann [1939]. 9*8% of 
the total glutamic acid isolated at stages 8 and 23 
can be regarded as fully racemized. 

The detailed results of the analysis are given in 
Table 7,. The main Avorking losses have been indi- 
cated in the text and if these are evaluated as in the 
case of edestin it is possible to suggest the data 
given in the table for the products unaccounted for. 
The Aveight of hydrolysis products given by 100 g. 
protein is 117*8 g., a value that , cannot be accurate 
to ±0*5 g. on account of the difficulty of assessing 
the alkali humin fractions, into Avhieh, Avith the 
acid humin, most of the mannose and glucosamine " 
of the polysaccharide moiety must have passed 
through condensation Avith tryptophan and sub- 
ordinate amounts of cystine and tyrosine [Lugg; 
see Chibnall, 1939, p. 162]. The computed value is 
117*2 g. [Chibnall, 1942]. TVhen account is taken of 
the small solubility corrections applicable at stage 22 

and aspartic acids from egg albumin 

Copper aspartate 

^ . . , ' ^ 

( : ^ A 

On anhydrous material 


Wt. 

(corrected) 

HgO 

Cu 

A 

■N 

g* 

% 

0/ 

/o 


/o 

6*319 

29*14 

32*5 


7*15 

2*272 

29*32 

32*5 


7*20 

0*845 

29*3 

32*5 


7*19 

0*479 

28*6 

32*6 


7*15 

0*459 

29*2 

32*4 


7*18 
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Table 7. Analysis of egg albumin 


, Stage 


Wt. 

W t. as % of 

X 

N as % total 

(diagram 1) 

Traction 

g- 

protein 

g. 

protein-X 

2,8 

Acid humin ^ 

^ 1-019 

‘ , 1-64 

0-0755 

0-77 

3,8,20,21 

Alkali humin 

2-110 

3-40 

0-1344 

1-37 

4 

Mercaptide precipitates: 

Cystine 

1-100 

1-77 

0-1282 

1-31 


Other amino-acids 

2*190 

3-54 

'0-2171 

2-22 

6 

Crude tyrosine 

1-511 

2-44 

0-1184 

1-21 

2,8,26 

Ammonia 

1-071 

1-73 

0-8909 

9-11 

7, 22 

Glutamic acid 

9-913 

16-00 

0-9428 

9-64 

7,22 

Aspartic acid 

5-019 

8-10 

0-5294 

0-41 

11,23, 29 

Arginine 

3-483 

5-62 

1-1211 

11-46 

11,23 

Histidine 

0-901 

1-45 

0*2443 

2-50 : 

11, 23 

Lysine^ 

3-136 

5*06 

0-6010 

6-15 

.13 . 

Monoamino-acids, crop 1 (N = 10-71%) 

10-120 

16-32 

1-0830 

11-08 . 

13 

Monoamino-acids, crop 2 (N = 11-04%) 

2-557 

4-12 

0-2822 

2-89 

13 

Monoamino-acids, crop 3 (X = 11*35%) 

5-443 

8-78 

0-6179 

6-32 

16 

Monoamino-aeids, crop 4 (N = 10-88%) 

3-466 

5-59 

0-3772 

3-86 

16 

Monoamino-acids, crop 5 (N = 10-85%) 

2-589 

4*18 

0-2826 

2-89 

28 

Monoamino-acids, crop 6 (X = 12*31%) 

3-624 

5-84 

0-4650 

4-76 

28 

Monoamino-acids, crop 7 (N = 12*25%) 

9-142 

14-74 

1-1381 

11-64 

18 

Proline 

1-632 

2-63 

0-1920 

1-96 

19 

Hydroxyproline 

0-262 

0-42 

0-0383 

0-40 

1-29 

Total accounted for 

70-29 

113-35 

9-50 

96-95 


Unaccounted for 

2-55(?) 

4-13 

0-28 

2-.86 


Taken for analysis (62*02 g. protein) 

72-84 

117*5 

9-78 

100-0 


the final results for glutamic acid and aspartic acid 
a, re 16*1 and 8*13% w/p respectively (Table 14). 
As the gross losses at stages 8 and 23 totalled only 
36-6 mg. N we believe that these results are within 
1-2 % of the true values. 

Throughout the analysis we have kept in mind 
Fearon’s [1939] recent claim that egg albumin con- 
tains citrulline. The unhydrolysed protein gave the 
bright purple -red colour with diacetyl monoxime, 
as he states. After acid hydrolysis the colour was 
redder, yet it did not match the characteristic red 
given by citrulline itself; the colour moreover faded 
rapidly, whereas that given by citrulline is stable 
for many days. This last difference became more 
pronounced as the hydrolysate was fractionated, 
and the various crops of monoamino -acids described 
in the text and in Table 7 failed to give the test at 
all. Citrulline is not very stable on acid hydrolysis, 
as shown by the fact that a sample of 0-2 g,, when 
boiled with 10 ml. of 20% HCl for 22 hr., yielded 
14*2 % of the total N as amide-N ; even so we should 
have expected to find evidence for it in the amino - 
acid mixtures recovered from the Cu salts at stages 
16, 20 or 21 if any appreciable amount had bden 
present in the hydrolysate. Our evidence therefore 
does not support Fearon’s claim. 

4. Analysis of p-lactoglobulin 

In light of the experience gained with the other 
two proteins the procedure used in this case was 
considerably simplified. 

Details of analysis 

1, 2.. 30'61 g. moisture- and ash-free coagulated protein, 
containing 4-76 g. H or 15-55 % , were heated on the water- 


bath with 250 ml. 20 % HCl until solution was effected 
and then boiled under reflux, for an inclusive period of 
24 hr. 

4. The mercaptide precipitated was analysed for N but 
not for S or for humin. 

7y8,9. Three lime -ethanol treatments were made 
in succession from an aqueous volume of 250 ml. 
before the separation of the dicarboxylic acid deri- 
vatives was attempted. The clarified precipitate con- 
tained 1-042 g. H (corrected) = 21-9% t.p.x. Repeat pre- 
cipitations were made in due course from 200 and 100 ml. 
respectively. 

10, 11. The base iDrecipitatioii w*as made from a total 
volume of 1600 ml. The total H in the precipitate w^as 
0-9282 g. (corrected) (see Section 5). 

13. Tour crops of monoamino-acids were obtained, 
weighing 4-062, 1-360, 2-951 and 1-557 g. and containing 
10-07, 10-67, 11*02 and 11-81% N respectively. 

14-21. The Cu salt procedure was omitted, as a deter- 
mination of amino-H on the filtrate from 13 indicated that 
the proiine and hydroxyproline content must be fairly 
small. 

22,23,24. The lime-ethanol treatments were made in 
succession from aqueous volumes of 100, 200 and 200 ml, 
respectively before the separation of the dicarboxylic acid 
derivatives was attemjated. The clarified precipitate con- 
tained 0*0708 g. N=l-49% T.p.x. A final treatment from 
50 ml. was made in due course. The ultimate mother liquor 
contained 13-3 mg. IST (coixected), equivalent to only 
0 - 28 %t.p.x. 

2S,26. The 2nd base precipitation was made from a 
total volume of 265 ml. The total X in the precipitate v*as 
54-2 mg. all of which "was accounted for as base (see 
Section 5). 

28, 29. IVo crops of amino-acids and a final residue 
were obtained; these weighed 1-745, 3-59 and (ash not de- 
ducted) 5*94 g. and contained 11-37, 12-38 and 10-5% X 
respectively. The latter product was treated with flavianio 
acid, but no arginine salt could be separated. 
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Results of analysis 

The data given in Table 8 summarize the frac- 
tionation of the N; as the mercaptide precipitate 
was not examined in detail it is not possible to 
summarize the hydrolysis products as in the case of 
the other two proteins. The overall loss was 59-9 mg. 
N (corrected), while the losses on working stages 
8 and 23 were 5-0 and 1-6 mg. N respectively, jointly 
equivalent to 0*14 % t.p.n., part of which must fall 
on the dicarboxylic acids. The final values for 
arginine, histidine, lysine, glutamic acid and as- 
partic acid are 2*89, 1*54, 9*75, 21*32 and 9*83 % w/p 
respectively. If the small solubility corrections 
for stage 22 be ajDplied [Bailey et aL, 1943] the 
two latter values are raised to 21*51 and 9*88% 
respectively (Table 14) and we believe these are 
accurate to 1-2%. The solubility corrections for 
the bases are discussed in Section 5. 


Table 8. Analysis' of ^-lactoglohulin 


Stage 
(dia- 
gram 1) 

Fraction 

N 

g* 

N as % 
total 
pro- 
tein-N 

•2 

3 

8 

23 

Ammonia 

Mercaptide x:>recipitate 
Glutamic acid 0*5982 g. 

Glutamic acid 0*0217 g. 

0*3593 

0*2090 

j- 0*6199 

7*55 

4*39 

13*03 

8 

23 

Aspartic acid 0*2912 g.' 
Aspartic acid 0*0247 g., 

[• 0*3159 

6*65 

8 

Crude tyrosine 

0*0220 

0*46 

11 

26 

Arginine 0*2623 g.] 

Arginine 0*0176 g.J 

- 0*2799 

5*88 

11 

26 

Histidine 0*1076 g.| 

Histidine 0*0171 g. J 

■ 0*1247 

2*62 

11 

26 

■Lysine . 0-5537 g.l 

Lysine 0-0182 gj 

12*01 

13 

28, 29 

Monoamino-acids in 4 crops 1*0637 
Monoamino-acids in 3 crops 1*1332 

22*35 

23*81 


Total accounted for 

4*6995 

98*75 

1, 29 

Unaccounted for 

0*0599 

1*25 


Tahen for analysis 

4*76 

100*0 


5. Analysis of the base fractions 

The present study is to be regarded as a continua- 
tion of that of Tristram [1939] on the reliability of 
various methods for estimating the basic amino - 
acids in protein hydrolysates. Tristram favoured 
the use, with certain minor modifications, of Block’s 
[1938] small-scale adaptation of the modified Kbssel 
procedme devised by Vickery and his co-workers 
[Vickery & Leavenworth, 1928; Vickery & Shore, 
1932; and Vickery & White, 1933] and he tested 
this, inter alia, against appropriate mixtures of the 
bases representing 2-3 g. of protein. The losses at 
the various stages in the analysis were determined. 
Having allowed for the solubility of arginine silver 
[1*1 mg. N/ 100 ml., Gulewitsch, 1899], the overall 


loss in the estimation of arginine was 2*6 mg. N”, 
due in part to precipitation with the histidine silver 
at pH 7*2 and in part to incomplete precipitation 
as arginine silver at pH 12-13. The overall loss in 
the estimation of histidine was small ( 0*3 mg. N/ 
100 ml.) while that for lysine (1*6 mg. N/ 100 ml.) 
was but little more than that due to the solubility 
of lysine phospho tungstate. Tristram considered 
that corrections to allow for these overall losses 
could be legitimately applied when analysing a 
mixture of the three bases, but that in the case of 
protein hydrolysates the validity of such corrections 
must remain a matter of conjecture until new 
methods of analysis were found which would permit 
a direct determination of the solubility factors 
concerned. Examination of the base solutions ob- 
tained during the fractionation of the hydrolysates 
described in Sections 2-4 has enabled us to investi- 
gate these solubility factors in detail. 

Base f raction of ^-lactoglobulin 

The two base fractions described in Section 4'were 
analysed by the Tristram -Block procedure men- 
^ tioned above, the only modifications being the em- 
ployment of Block’s [1940] nitranilic acid method for 
the estimation of histidine and the thorough washing 
of all inorganic precipitates as described in Section 2. 
The purity of the arginine flavianate, which 
might be contaminated with the histidine salt, was 
controlled by recrystallization tmder standard con- 
ditions detailed later in our discussion of Vickery’s 
method for arginine. Arginine nitranilate is fairly 
soluble under Block’s conditions, but the lysine salt 
is as insoluble as that of histidine itself. As nitra- 
nilic acid is readily decomposed in hot water [Town, 
1936] the purity of the isolated histidine salt was 
controlled in the following way. 0* 1 g. material and 
25 ml. water were placed in a 100 ml. beaker, which 
was then partly immersed for exactly 4 min. in a 
water-bath at 65°. Solution of the salt is readily 
effected on stirring, and if there be an insoluble 
residue the presence of Ba nitranilate may be sus- 
pected. The beaker was then removed from, the 
bath, 26 ml. of methanol were rmi in with stirring, 
and crystallization allowed to proceed for 2 days 
at 2°. The filtered, washed and dried product should 
weigh 0*0980 g. Under the conditions of a base 
analysis it is improbable that lysine would pass into 
the histidine fraction, but the procedure serves to 
detect the presence of the Ba salt, a possible con- 
taminant. 

Analysis of 1st base solution. The aliquot used contained 
0*3664 g. IST; as this amount of basic-N was approximately 
3 times that x^resent in the hydrolysate of 2-3 g. x>rotein 
the separation into the 3 base fractions was made from 
3 times the respective volumes employed by Tristram. 
Excess HCl was removed by evaporation in racuo, and the 
solution freed from Cl“ with Ag.fi and H2SO4 at pH 3*0 
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ill the usual w^ay. The arginine, histidine and lysine fractions 
contained 0d034, 0-0394 and 0-2207 g. of ISF respectively. 
The ISi recovered in the form of base derivatives in this first 
analysis is given in Table 9, and allowing solubility correc- 
tions (300 ml.) for lysine phosphotungstate and arginine 
silver the M unaccounted for was 9-5 mg. The mother 
liquors of the 3 derivatives were collected, reduced in vacuo 
to a few ml., strongly acidified with HCl and the 3 acidic 
reagents extracted by the amyl alcohol-ether procedure for 
the removal of excess phosphotimgstic acid, an operation 
that can be conducted without loss of basic-N. The clarified 
solution, freed from HCl and Ci~ and containing 7-0 mg. N, 
was then passed once again through the Tristram-Block 
procedure, using a third of Tristram’s volumes. The weight 


which may not be true as the amino-acid composition and 
concentration in the respective solutions was not the same, 
the amounts of the bases isolated from the 2nd base solu- 
tion (column 1) represent the solubilities in 1335 ml. From 
these the solubility correctiojis for the 2nd and 1st precipi- 
tations (columns 2 and 3) have been calculated. The original 
Van Slyke corrections for the latter are given in column 4. 
Comparison is not strictly valid as we did not use p.t.a. 
purified by Winterstein’s method, but our low value for 
histidine is what would be expected from the more recent 
work of Van Slyke et al. [1942]. The two arginine values 
show fair agreement, while the great difference between 
those for lysine suggests that the amino-acid mixture has 
influenced the solubility in onr case. The final values for 


Table 9. Analysis of the base fractions of ^-lactoglohulin 












1st base solution 


Aliquot taken for analysis 
Arginine isolated as flavianate, 1st analysis 
Correction for solubility of arginine silver, 1st analysis 
Correction for ovei'all losses, Ist analysis 
Total arginine 

Histidine isolated as nitranilate, 1st analysis 
Histidine isolated as nitranilate, 2nd analysis 
.Total histidine 

Lysine isolated as pierate, 1st analysis 
Correction for solubility of lysine phosphotungstate 
Total lysine 

Total base .accounted for 


2nd base solution 



■ N 


N 

Total base 


(corrected) 


(corrected) 

N.as %' 

.N , 

as % total 

N 

as % total 

total 

g* 

protein-N 

g* 

protein-N 

protein-N 

0*3664 

19-50 

0-0496 

1*10 

20*60 

0-0975 

— 

0-0135 

— 

(5*43) 

0-0033 

__ 

0*0011 

— 

— 

0*0026 

— 

0*0026 

— 

— 

0*1034 

5-51 

0*0172 

0*37 

5*88 

0*0375 

— 

0*0162 

— 

— 

0*0048 

— 

— 

— 

— 

0*0423 

2-26 

0*0162 

0*36 

2*62 

0*2170 

(11-53) 

0*0159 

— 

(11*88) 

0*0015 

■ _ 

0*0008 

— 

— 

0*2185 

11-63 

0*0166 

0*37 

12*0 

0*3642 

19*38 

0*50 

Ml 

20*49 


of histidine nitranilate obtained in the 2nd analysis was 
40-8 or 43*8 mg. corrected to the 1st base solution, equi- 
valent to 4-8 mg. histidine-N. This amount of histidine 
must have passed into the arginine fraction in the 1st 
.analysis. No flavianate was obtained from the arginine 
fraction of the 2nd analysis. The complete results for the 
1st base solution are set out in Table 9. As it is clear that 
no appreciable amount of extraneous non-basic material is 
present we have included Tristram’s correction of 2*6 mg. 
for overall losses of arginme-N, though we worked to 3 
times his volumes; such an amount is, in fact, insufficient 
to lead to any recovery of arginine flavianate in the 2nd 
analysis. 

The 2nd base solution was passed once through the 
Tristram-Block procedure, working to Tristram’s volumes. 
Again allowing a correction of 2-6 mg. for overall losses of 
arginine-N the recovery of basic-N is complete, as shown 
in Table 9. It may be mentioned that in all the above- 
mentioned analyses the arginine flavianate and histidine 
nitranilate were shown to be pure by the solubility test 
mentioned'earlier, and the lysine pierate, without recrystal- 
lization, exploded sharply at 266-267°. The overall correc- 
tion for working losses applied to arginine accounts for 0-2 % 
T.P.K. and this ijiust be considered the one uncertainty in 
the full analysis. 

It is of interest to consider the solubility of the phospho- 
tungstates on precipitation of the>ases. Eelevant data are 
collected in Table 10, The volume employed in the 1st 
precipitation was 1600 ml, and in the 2nd 265 ml. On the 
assumption that the phosphotungstate solubilities in the 
two cases were proportional to the volumes employed, 


the bases given in Table 14 include the solubility correc- 
tions (Table 10, column 2) for the 2nd precipitation. We 
believe that these will be found to be within 2% of the 
true values. 

Table 10. Base phosphotungstate soluhility 
corrections for p4acioglobulin 

(Values quoted are in percentages of total protein-N.) 

Van, Slyke 


Isolated 


Solubility 

corrections 


solubility 

correc- 

tions 



from 

2nd base 

1st base 

1st base. 


2nd base 

precipi- 

precipi- 

preeipi- 


solution 

tation 

tation 

tation 


(i) 

(2) 

(3) 

(4) 

Arginine 

0*37 

0*07 

0*44 

0*51 

Histidine 

0*36 

0*07 

0*43 

0*64 

Lysine 

0*37 

0*07 

0*44 

0*08 


Direct Tristram-Bloch analysis, 3*803 g. moisture- and 
ash-free protein, containing 0*5895 g. N, were hydrolysed 
with H2SO4 for 24 hr. The analysis followed the lines of 
those mentioned above, including the thorough washing of 
all inorganic precipitates. The arginine flavianate and histi- 
dine nitranilate were of satisfactory }>iirity; the lysine 
pierate was reorystallized from 15 mi. %vater and corrected 
for solubility (3*4.mg. N/ml. at 0°); it exploded at 266-267°. 

The collective results given in Table 1 1 bring out some 
interesting comparisons with Table 9. In the Tristram- 
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Table 11. Tristrmn-Bloch 
of ^4actoglohulin 


ANALYSIS 0 ¥ EDESTIN, ETC 

^analysis the case of edestin 


Total N 


N as % 
total 


Arginine fraction 0*0394 

Arginine isolated as flavianate 0*0316 (5*36) 

Correction for arginine silver (150 ml.) 0*0016 
Correction for overall losses 0*0026 

Total arginine 0*0358 6*07 

Histidine fraction 0*1292 

Histidine isolated as nitranilate 0*0133 2*26 

Lysine fraction 0*1186 

Lysine isolated as picrate 0*0681 (11*55) 

Correction for overall losses 0*0016 

Total lysine 0*0697 11*82 

Elock analysis the arginine flavianate isolated was equi- 
valent to 5*36% of the total protein-H, while our compre- . 
hensive procedure gave 5*43%; yet the corrected values 
were 6*07 and 5*95% respectively, suggesting that in the 
direct analysis the, amount of N allowed for overall losses 
was a little too high. The histidine value in the Tristram- 
Blocfc analysis is low and as according to our experience 
the total N in the histidine fraction varies enormously 
from protein to protein it is difficult to suggest any general 
overaU corrections. With a mixture of bases Tristram’s 
losses by his procedure were negligible (0*3 mg. N) and we 
confirm Block’s finding that under the conditions that he 
applies nitranilio acid the precipitation of histidine in the 
absence of extraneous material is quantitative. Whether 
the low yield in the present case is to be ascribed to the 
increase^ solubility of histidine silver in the presence of 
the protein hydrolysis products or to that of histidine 
nitranilate in the presence of nearly 10 equivalents of 
extraneous N cannot be stated with certainty; both factors 
are probably operative, each to a degree that will vary 
from protein to protein. In the Tristram-Block analysis 
the lysine value based on the isolated picrate was 11*55%, 
in excellent agreement with the 11*53% obtained from the 
first phosphotungstate precipitate in the comprehensive 
procedure. The corrected value is a little low, as one would 
expect from our demonstration that the solubility of the 
phosphotungstate is enhanced by the presence of the amino- 
acids of the hydrolysate: even so the presence of much 
extraneous material in the lysine fraction has probably 
prevented the quantitative separation of the lysine as 
picrate in one operation [Vickery & Leavenworth, 1928]. 

Base fractions of edestin and egg albumin 

The procedure^ used was the same as that described for 
lactogiobulin, and the results are given in Table 12. In 


the case of edestin the volume ratio in the two base pre- 
cipitations was 9 to 1, so that the calculated corrections 
for the phosphotungstate solubilities in the 2nd were 0*04, 
0*03 and 0*05% t.p.k. respectively. The final values for 
the bases are given in Table 14. 

Conditions were different in the case of egg albumin, for 
both phosphotungstate precipitates were recrystallized. 
From the results given in Table 12 it would appear that on 
recrystaUization of the 1st precipitate the arginine phospho- 
tungstate separated as a gelatinous rather than a crystalline 
precipitate [Van Slyke et al,, 1942] and its solubility has 
been much enhanced. As the 2nd base precipitate was also 
recrystaUized we inspected a similar occurrence and ac- 
cordingly estimated the amount of arginine in the amino- 
acid fraction at stage 29 by the Vickery flavianic acid 
method discussed later. This fraction contained 12*1% of 
the T.p.N. and from it was isolated arginine equivalent to 
0*41 % of the T.P.2T. After removal of the excess flavianic 
acid, and also of the residual dicarboxylic acids, from the 
arginine flavianate filtrate, the clarified solution gave on 
electrodialysis 0*11% t.p.jt. in the cathode compartment. 
This Value sets a definite limit to the residual solubilities 
of the 3 bases, as it will include any monoamino -acid-N 
which had migrated by simple diffusion. Our final results 
for egg albumin are therefore those given in Table 12, and 
are believed to be not more than 2 % low. 

Direct arginme analysis by the method of Vickery 

In the comprehensive analyses mentioned above 
onr original plan had been to effect a preliminary 
removal of arginme as flavianate by Vickery’s [1940] 
new method so that the histidine and lysine frac- 
tions in the subsequent Tristram-Block procedure 
would be free from this base. The expectation was 
not realized, for in the absence of all the non -basic 
products of hydrolysis the recrystallized product 
was found to be heavily contaminated with the 
flavianates of the other two bases, and repeated 
recrystallization was necessary to obtain pure ar- 
ginine flavianate. As this latter substance has an 
appreciable solubility under the conditions em- 
ployed small amounts of it passed into the various 
mother liquors and washings, so that the incorpora- 
tion of this additional step in the analysis of the 
base solutions defeated its own end. These findings 
prompted us to investigate the purity of the ar- 
ginine flavianate obtained when the simple Vickery 
procedure for this base is applied directly to solu- 
tions containing knoiyn amounts of the three bases, 
and to protein hydrolysates. 


Table 12. Analysis of the base fractions of edestin and egg albumin 
Edestin Egg albun 


N as % of total protein-N 


H as % of total protein-H 



r\ ■ 

1st base 
solution 

A 

2nd base 
solution 

Total 

Wt. 

(%of 

protein) 

1st base 
solution 

2nd base 
solution 

Total 

Wt. 

(%of 

protein) 

Arginine 

28*47 A 

0*33 

28*80 

16*69 

8*20 

2*85 

11*46* 

5*63 

Histidine 

3*20 

0*27 

3*47 

2*39 

2*27 

0*23 

2*50 

1*45 

Lysine 

2*01 

0*38 

2*39 ' 

2*32 

5*98 

0*17 

6*15 

5*06 


* Included 0*41 % isolated 

as flavianate at a later stage than the 2nd base precipitation. 
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Precipitation, of arginine as flavianate. 30 ml. of a solu- 
tion of arginine clihydrocliloride containing 0*2084 g. ar- 
ginine w>ere treated wdtli 1*84 g. (5 mol.) flavianic acid 
according to Vickery’s directions. After 4 days at 2° the 
precipitate -was filtered off, washed wdth 30 ml. of water 
saturated at room temperature with arginine monofla- 
vianate and recrystailized from 25 ml. via NHg and H2SO4. 
The precipitate weighed 0*5805 g. (theory 0*5845 g.) and 
on further recrystallization 5 times successively mider the 
same conditions, the losses in weight were 3*0, 3*7, 2*2, 3*2 
and 2*4 mg. respectively, or an overall mean of 3*0 mg. 
If this correction be applied to the weight of flavianate 
obtained after 1 recrystallization, giving a total of 0*5840 g. 
ill all, the recovery is almost theoretical and confirms 
Vickery’s claim that the diflavianate, in which form most 
of the arginme separates in the initial stage, is insoluble in 
the presence of an excess of flavianic acid. A similar experi- 
ment, using a volume of 50 ml. for the preliminary separa- 
tion and for all subsequent recrystallizations, gave a mean 
overall loss of 4*0 mg. 

Precipitation of arginine as flavianate from a mixture of 
bases. (1) The solution (30 ml.) contained 0*2084 g. ar- 
ginine, 0*171 g. lysine and 0*0505 g. histidine, the relative 
proportions being approximately the same as in egg albu- 
min. It was treated with 1*84 g. flavianic acid and the 
recrystailized product (from 25 ml.), which appeared to 
consist of plates with the golden yellow lustre characteristic 
of arginine inonoflavianate, weighed 0*6465 g. The losses 
on successive recrystallization were 46*9, 15*8, 6*8, 7*9, 3*1, 
2*2 and 3*1 mg. suggesting that 5 recrystallizations in all 
were necessary to give pure arginine monoflavianate. 
Applying the overall correction (8 x 3*0 mg.) the corrected 
weight was 0*5848 g. giving a theoretical estimation of the 
arginine present. (2) The solution (30 mi.) contained the 
same weight of arginine as before, and the other two bases 
in the relative proportions that. occur in edestin. After 
1 recrystallization the weight of the product was 0*595 g. 
and the losses in 2 subsequent recrystallizations were 19*2 
and 3*0 mg. respectively. Applying the overall correction 
of 9*0 mg. the yield of pure monoflavianate was 0*5818 g. 
In both these experiments the arginme content, calculated 
from the product obtained on 1 recrystallization, was in 
excess of that known to be present, whereas if the re- 
crystallization be continued until the operational loss is 
no more than 3*0 mg. and the appropriate correction be 
applied, the recovery is satisfactory. These results are not 
strictly in keeping with Vickery’s deductions, and it became 
of interest to apply a similar treatment to products ob- 
tained directly from protein hydrolysates. In the following 
experiments Vickery’s directions were adhered to as closely 
as possible and the flavianate was separated by using 5 mol. 
flavianic acid/mol. arginme present. 

Arginine content cf edestin. Details of four experiments, 
using different concentrations of protein, are given in 
Table 13. In the 1st the arginine content of the protein, 
calculated from the weight of recrystailized flavianate, 
was 16*75%, a value in excellent agreement with that 
of Vickery [1940] and also with that , obtained in our 
comprehensive analysis (Table 3). The product, never- 
theless, was not pure arginme monoflavianate, and in 
each of the four replicate determinations made it was 
necessary to recrystallize 5 times in all before the opera- 
tional loss in weight was reduced to 4 mg. Allowing 
for overall losses (5 x 4 =;20 mg.) the corrected arginine 
content of the protein was 16*23 ±0*03%. The other 
three experiments, in which different concentrations of 


protein were used, gave corrected values in close agree- 
ment with this figure. 

This result was somewhat disconcerting, for our own 
experiments with a solution of arginine, confirming those- 
of Vickery, show that the product obtained after only 
1 recrystallization does not contain any arginine difla- 
vianate. Appropriate Tristram-Block analysis of the col- 
lected edestin mother liquors from the 2iid to the 5th 
recrystallization moreover failed to disclose the presence 
of any appreciable amount of histidine. The extraneous 
material was clearly some other amino-acid flavianate, and 
indirect evidence in support of this is furnished by the fact 
that in these edestin experiments, and also in those of other 
proteins quoted later, the 1st recrystallization product was 
slightly hygroscopic (as Vickery records). According to 
our experience pure arginine monoflavianate, after drying 
in the oven at 102° and cooling to room temperature in a 
desiccator, gains no more than 1 mg./0*5 g. when exposed 
for 3 days to the atmosphere of the laboratory. In a recent 
paper, Vickery, Smith, Hubbell & Nolan [1941] cite experi- 
ments with water-melon globulin in which low results 
(17*44 % as against 17*90 %) were obtained when the original 
hydrolysate-flavianic acid mixture, after standing at 6-7° 
for 4 days, was allowed to stand at room temperature for a 
short time before filtration. They attributed this to re- 
solution of arginine diflavianate, but from our experience 


above that had been redissolved and that the lower value 
of 17*44% is the mox’e reliable. In the experiments quoted 
|n Table 13 the hydrolysate-flavianic acid mixture was 
allowed to stand for 4 days at +2° before filtration; a 
slightly higher temperature (6-7°) did* not significantly 
affect the results. 

Arginine content of egg albumin. The value based on the 
once recrystailized product is in close agreement with that 
obtained by Viekery [1940] if allowance is made for the 
N contents of the proteins concerned. The corrected value, 
based on the 4 times recrystailized product, is in agreement 
with that obtained during our comprehensive analysis (see 
Table 12), For this protein the differences concerned aresmall. 

Arginine conte^its of horse and cattle haemoglobin. Clarifi- 
cation with charcoal of these two protein hydrolysates did 
not remove aU the haem, which separated at once on adding 
flavianic acid to the aliquot (25 ml.) used for analysis. The 
precipitate was centrifuged off immediately and well 
washed. The collected centrifugate and washings (45 mi.), 
on standing, gave a voluminous precipitate of yellow 
cr3J'stalline material containing large amounts of histidine 
and tysine flavianates. Aftcu* filtering off, the product was 
liberafly washed with the usual wash solution, but in spite 
of this the reciystaUizcd material v’as still heavily- con- 
taminated and 4 additional reciystaUizations were needed 
to give pure arginine monoflavianate. The coiTccted value 
(Table IS) for the arginine content of horse carboxjiiaemo- 
globin is a little higher than the 3*59 9*07 % recorded by 
Vickery [1940], while that for cattle haemoglobin is much 
higher than the 3*1 % (on theglobin) reeordetl by Bergmann 
& Niemann [1937]. 

Arginme content of amandin. Acctqiting 18*75% as the 
total N content of this protein [Chibnall et aL, 1943] our . 
corrected value for arginine is 1 2*54 — 0*05 ‘)o. The value 
for arginine-N is 21*63% t.p.x,; Vickery [1940] records 
■22*I-% T.F.N., 

AU these findings lead us to the conclusion that the ■ 
Vickery procedure, if modified as we suggest, will give a 
high 3ield of arginine monofiaviaziate of unquestionable 


■I 
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Table 13. Results of arginine analyses by Vickery's method 


387 


Protein used ^ 

Wt. of protein in' aliquot of liydrotysate (g.) 2-935 

Vol. used for precipitation (ml.) 50 

Cone, of protein (g./lOO ml.) 5-86 

iSTo. of determinations 4 

Vol. used for recrystallization of flavianate (ml.) 50 

Wt. of recrystallized flavianate (g.)* 1-379 

Arginine content of protein (%) 16-75 

No. of additional recrystallizations of flavianate 4 
Final wt. of flavianate (g.)t 1-316 

Overall correction (g.) 0-02 

Corrected arginine content of protein (%) 16-23 






Horse 

carboxy- 

Cattle 

Edestin 


Egg 

haemo- 

liaeiao- 

A 



albumin 

globin 

globin 




0-8288 

0-97 

0-97 

2-665 

3-565 

3-76 ' 

50 

25 

50 

25 

45 , 

45 

1-66 

3-88 

1-94 

10-66 

7-92 

8-35 

2 

4 

2 

4 

2 

^ 3 

50 

25 

50 

25 

50 

50 

0-381 

0-5 

0-445 

0-4264 

(0-4593 

10-4895 

0-4516 

16-4 

16-5 

16-34 

5-71 

— 

— 

2 

3 

2 

3 

4 


0-366 

0-431 

0-428 

0-4105 

0-3571 

0-3659 

0-012 

0-012 

0-012 

0-012 

0-02 

0-016 

16-31 

16-31 

16-20 

5-65 

3-75 

3-62 


* In each analysis (except those of the haemoglobins) the replicates did not differ by more than 10 mg. 
t In each analysis the replicates did not differ by more than 1 mg. 


purity, yet we are not convinced that in all cases, especially 
when the hydrolysate contains a large amount of arginine, 
the separation is strictly quantitative. In other words, the 
method may not indicate with absolute certainty the 
number of arginyl residues in the protein molecule. 

DISCUSSIOlf 

It will be seen from Tables 3, 4, 7 and 8, and from 
the text, that the working losses in the procedure 
we have adopted for the separation and estmiation 
of the dicarboxylic acids and bases in protein hydro- 
lysates have been reduced to what are probably the 
lowest possible limits. In the analysis of jS-lacto- 
globulin, which required about 900 working hr. to 
take to completion, the gross overall loss of .hT 
amounted to onlyl -25% t.p.n., aremarkable achieve- 
ment considering the number of operations con- 
cerned, for it is less than that which most previous 
workers have incurred during the preliminary re- 
moval of the mineral acid used for hydrolysis. WTth 
edestin and egg albumin the corresponding step- 
wise losses were no greater, but the total overall 
loss was enhanced by the application of the Cu salt 
procedure for the removal of certain of the mono- 
amino -acids and proline. Later experience suggests 
that this loss was greater than it need have been, 
for we used an unnecessarily large amount of CuCOg 
to make the Cu salts with the result that the rela- 


tively small amount of N retained by^ the bulky 
residue was not readily characterized. At the time 
these operations were performed the almost com- 
plete insolubility of the Cu salt of methionine in 
boiling water was not realized. In any future 
analysis we would suggest that the Cu salts at 
stage 14 be made by the cautious addition of CuCOg 
to the boiling solution under conditions that would 
permit of rapid filtration of the excess before the 
separation of this very insoluble salt of methionine, 
which could thus be obtained free from extraneous 
material. If the protein contains a polysaccharide 
moiety, as in egg albumin, or polyuronide impurities 
as in our forage crop preparations, reduction of 
Cu++ to give CugO will occur almost immediately, 
but it should be possible to remove this with the 
slight excess of CuCOg by filtration. 

The complete procedure is admittedly very la- 
borious, yet we feel that our final data (Table 14) 
for edestin, egg albumin and /3-lactoglobulin will be 
of value to those interested in protein analysis, for 
the errors involved are known within small limits 
and the results can thus be used to assess the 
accuracy of new or existing methods of estimation 
which are less onerous to perform. We have, indeed, 
already attempted this in our investigations on the 
dicarboxylic acids [Bailey et al., 1943] and the 
bases (Section 5). 


1 


Table 14. Dicarboxylic and basic amino-acid analysis of edestin, egg albumin and p-lactoglobulin 
(Small residual solubility corrections have been applied.) 

Edestin Egg albumin ^-LactoglobuHn 

A_ ^ ^ A ^ ^ ■ A . 

N as % total Wt. as % of N as % total Wt. as % of N as % total Wt. as % of 

XT ' AT XT . I • 



protein-N 

protein 

protein-N 

. protein 

protein-N ' 

protein 

Glutamic acid 

10-54 

20-70 

9-70 

16-10 

13-14 

21-51 

Aspartic acid 

6-77 

12-0 

5-43 

8-13 

6-68 

9-S8 

Arginine 

28-85 

16-71 

11-44 

5-63 

5*95 

2-89 

Histidine 

3-50 

2-41 

2-50 

1-45 

2-69 

1-54 

Lysine 

2-44 

2-37 

#■ , 

6-15 

5.-06 

12-07 

9-75 
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SUMIVIARY 

1 . A method for the estimation of the dicarb- 
oxylie and basic amino -acids in protein hydrolysates 
is described, in which these amino -acids are isolated 
as pure derivatives and in quantitative yield by 
step-wise removal without overall loss. 

2. The cardinal point in the procedure is that no 
reagent may be introduced into the main hydro- 
lysate unless it can be quantitatively removed at, a 
later stage without appreciable loss of N. Cu+ and 
Cu+ + may be introduced into the hydrolysate and 
subsequently removed as CugS and CuS respectively 
at any stage in the analysis; 864 == must not be 
removed as BaS 04 , or Cl“ as AgCl xmtii the hydro- 
lysate has been cleared of cystine and the main 
part of the dicarboxylic acids. 

3. In the analytical procedure adopted the cys- 
tine is first removed as the cuprous mercaptide of 
cysteine. The major part of the dicarboxylic acids 
is then isolated by a modification of Foreman’s 
lime -ethanol method. Following this the bases are 
removed by precipitation with phosphotimgstic 
acid and then estimated by the gravimetric pro- 


cedure of Tristram-Block. The solubility factors 
inherent in the Foreman treatment for the di- 
carboxylic acid and in the phospho tungstate pre- 
cipitation of the bases are overcome by repeating 
these operations at a later stage when the major 
part of the monoamino -acids and proiine has been 
removed by various means from the collected 
mother liquors. 

4. The method has been applied in turn, with 
modification suggested by experience, to hydro- 
lysates of edestin, egg albumin and ^-lactoglobuliii ; 
the overall losses of N" were 2-95, 2-86 and 1*25% 
of the total protein-N respectively. The final values 
for glutamic acid, aspartic acid, arginine, histidine 
and lysine are given in Table 14. 

5. The accuracy of the Tristram-Block procedure 
for the direct estimation of the bases and of 
Vickery’s flavianic acid method for the direct esti- 
mation of arginine are criticized in light of ex- 
perience. 

The authors wish to thank the Agricultural Research 
Council and Imperial Chemical Industries for financial 
assistance. 
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6 . CARBOHYDRATE -AMINO ACID RELATIONSHIPS CONCERNED IN THE 
■INHIBITION- OF INDOLE PRODUCTION BY GLUCOSE IN CULTURES OF 

E80HERIGEIA COM 

By J. DAWSON and FRANK C. HAPPOLD, The Biochemical Laboratories^ 
Department of Phi/siology, University of Leeds 

(Received 22 February 1943) 


The main facts which have been established pre- 
viously by Happold & Hoyle [1936], and Evans, 
Handley & Happold [1941; 1942] are that EscherL 
chia coli (Bact. coli), grown in a complex medium 
containing glucose *and tryptophan, does not con- 
tain the tryptophanase enzyme system and that in 
a simple medium either phenylalanine or tyrosine 
is necessaiy to complete the glucose inhibition of 
the production, of the tryptophanase system. A 
suggestion was made by Evans et al. [1942] that the 
inhibition of indole -production by cells grown in 
the presence of glucose and phenylalanine is main- 
tained by the metabolism of stored carbohydrate. 
In this investigation we have attempted to sub- 
stantiate this suggestion and also to determine the 
activity of the stereo -isomers of phenylalanine and 
tyrosine. 

EXPERIMENTAL 

The bacterial cultures. The J ebbs strain of Escheri- 
chia coli was used. The medium used for all but one 
of the investigations had the following composition : 
Z-oystine, I mg.; glycine, 5 mg.; cZZ-valine, 10 mg.; 
dZ-Na glutamate, 50 mg.; Na lactate, 150 mg.; 
NaCl, 50 mg.; Na 2 HP 04 . 12 H 2 O, 25 mg,; KH.PO 4 , 
3-5 mg.; MgS 04 . 7 H 20 , 3 mg.; FeSO^.THaO, 4/xg.; 
distilled water to 10 ml.; pH adjusted to 7 - 6 . 
Glucose and tryptophan were added as sterile solu- 
tions to give a concentration of 1 and 0*003% 
respectively, whilst phenylalanine, where used, was 
in a concentratioif of 0*01 % . The total volume of 
medium used in any particular experiment was 
100 ml. Cultures were made in Roux bottles. 

Estimation of polysaccharide. A washed suspen- 
sion of the cells was prepared and its volume noted. 
A portion of this suspension was taken to obtain 
the total dry weight of organisms. The polysac- 
charide content of the remainder was determined 
by the method of Sahyun [1931]. The following are 
representative results for the estiniation of known 
amounts of glycogen by this method in our hands: 


These results indicated that the method was sen- 
sitive for small amomits of glycogen of the order of 
1 mg. but for larger amounts the degree of recovery 
was only about 80 % and larger amounts of norite 
had to be used. Since the amount of glycogen 
estimated in the following experiments was of the 
order of 1 mg., the method was sensitive enough 
for our purposes. 

Influence of phenylalanine on the metabolism 
of Esch. coli 

(a) Effect of added phenylalanine on oxygen up- 
take. Evans et al. [1941], using the Van Slyke 
method for the estimation of amino -N, reported 
that phenylalanine was not metabolized by Esch. 
coli. This has now been examined with the Barcroft 
respirometer. 0*5 ml. of a washed suspension of 
Esch. coli grown on casein agar w^as added to 0-5 ml. 
of a 0*5 % solution of phenylalanine and 4-0 ml. K 
phosphate buffer (pH 7*6) contained in a Barcroft 
cup. The following results were obtained: 


O 2 uptake of cells with 82 86 87 100 

phenylalanine substrate 

O 2 uptake of cells with 64 63 29 

no substrate 

This difference in Og uptake, wn suggest, corre- 
sponds either with the metabolism of phenylalanine 
or to the acceleration of the metabolism of some 
substance stored in the cell brought about by the 
phenylalanine. 

(6) Effect of phenylalanine on metabolism of ght- 
cose. With phenylalanine and phenylalanine -free 
media, the glucose utilization of Esch. coli during a 
period of 24 hr. growth gave the following results: 


Phenylalanine-free 

medium 


dZ-Phenylalanine 
(0*01 %) medium 


Glycogen present 

Glycogen estimated 

Total 

Glucose 

Total 

Glucose 

■ "".■:mg. , 

mg. 

glucose 

utihzation 

glucose 

utilization 

'■ 8*5 ■ 

7*4 

utilization 

(mg./mg. dry 

utilization 

(mg./mg. dry 

. ... ,4*4' 

3*5 

(mg.) 

bact. wt.) 


bact. wt.) 

'■:':'2‘2 

1*6 

327 

3*3 

288 

4-3 

1*0 

1*1 

474 

7*4 

426 

7-6 

0*4 

0*4 

211 

4*3 

176 

4*2 


I 





J. DAWSON AND E. C. HAPPOLD 


Tlie total glucose metabolized was greater in the 
absence of plienylalaiiine and in general total 
growth was also greater, though this was less 
' marked. 

(c) Effect of phenylalanine on polysaccharide 
storage. The dl and the I forms of phenylalanine 
werej used. The results obtained were as follows: 


Cells grown in 

, — ^ — ’I 

Phenylalanine- Phenylalanine Z-Phenylalanine 
free .medium (0*01 %) medium (0-01 %) medium 


r 

Polysacc. 

Totar 

r 

Polysacc. 

Total 

, r 

Polysacc. 

Total 

content 

dry 

content 

dry 

content 

dry 

(mg./mg. 

bact. 

(mg./mg. 

bact. 

(mg./mg. 

bact. 

dry bact. 

wt. 

dry bact. 

wt. 

dry bact. 

■wt. 

wt.) 

(mg.) 

wd.) 

(mg-) 

wt.) 

(mg.) 

0-03 

19 

0-045 

20 

0-02 

27 

0-025 

92 

0-04 

112 

0-027 

118 

. 0-02 

53 

0-03 

31 

0-02 

27 

0-02 

48 

— 

— 

0-02 

46 

0*03 

44 

0-05 

42 

— 


0-01 

53 

0-03 

55 


— 


Thus dZ-phenylalanine increased the polysaccharide 
storage of Esch. coll, but the naturally occurring 
Z-forni was inactive in this respect. 

(d) Effect of phenylalanine on the metabolism of 
stored polysaccha,ride. TVdiilst the previous results 
indicated that there was a difference in the poly- 
saccharide content of the two types of cells, they 
gave no indication that this polysaccharide was 
metabolizable. Cells were therefore grown on 
phenylalanine-free and phenylalanine-containing 
media, and their Og usage estimated in the absence 
of external substrate by means of a Bareroft 
respirometer. Typical results were as follows : 

Oxygen uptake of cells grown on 


Phenylalanine-free 

medium 

/i.L/hr./mg. dry bact. wt. 

16*7 
11-0 
29-0 
■ 22-0 
22-5 ■ 


dZ-Phenylalanine 

medium 

p,l./lir./mg. dry bact. wt. 

41- 7 

42- 3 
78-0 
36-0 
44-0 


phenylalanine -free and phenylalanine -containing 
media were prepared. Part of each of these sus- 
pensions was incubated with tryptophan and the 
oxygen consumption of the remainder was deter- 
mined. The cells grown in the phenylalanine -free 
medium rapidly produced indole whilst the other 
cells had a lag period. The Og consumption of each 
of these two types of cells for this lag period 

was determined. The following are the results 

obtained : 

Oxygen uptake of cells grown on 

.A ■■ ^ 

r~ ^ 

Phenylalanine medium Phenylalanine-free medium 
p.l./hr./mg. dry bact. wd. ^l./hr./mg. dry bact. wt. 

36-0 18*8 

44-0 18-8 

40-0 20-0 

The average difference between the Og uptakes of 
these two types of cell is 20-8p,L/hr./mg. dry bac- 
terial wt. The amount of glycogen which would 
require this amount of Og for its complete combus- 
tion would be approx. 0-025 mg./mg. dry bacterial 
wt. This amount of glycogen is of the same order 
as the difference between the polysaccharide con- 
tent of the cells grown in the two types of media. 
Therefore we can state that in all probability the 
increase in polysaccharide content of Esch. coli 
under the influence of phenylalanine corresponds 
with an increase in the metabolizable polysac- 
charide stored, and that this polysaccharide is 
metabolized before the development of a tiypto- 
phanase system can take place in the ceil. 


Influence of tryptophan and tyrosine 

(a) Effect of tryptophan on the polysaccharide con- 
tent. In this series of experiments the plienjdalanine 
concentration w^as kept constant at 0-01 %, and the 
tryptophan content was varied. The following are 
the results obtained : 


Indole 

production 


Tryptophan 
present in 
medium 


Polysaccharide content 
(in duplicate) 
mg./mg. dr\^ bact. wt. 


A greater amount of some metabolizable substance 
is present in cells grown in the phenylalanine - 
glucose medium than in those grown in the phenyl- 
alanine-free medium. To confirm that the meta- 
bolism of stored polysaccharide did take place 
during the lag period before indole was produced, 
when cells grown in a glucose -phenylalanine medium 
were incubated with tryptophan, the following 
experiment was performed : 

Washed cell suspensions of Esch. coli grown in 


Tryptophan exerts an action antagonistic to th,at 
of phenylalanine in stimuiatiiig polysaccharide 
storage in the organism, and evidently tlie stoichio- 
metric relationship which exists between tliese two 
amino -acids in the production of indole in cultures 
containing glucose is due to tliis antagonism. 

(b) Effect of tyrosine on the polysaccharide coideni. 
The same type of experiment as already described 
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for phenylalanine was repeated using dh and Z-tyro- 
sine. The following results were obtained: 


Tyrosine-free 

medium 


Cells grown in 

A, 

dZ-Tyrosine 

medium 


Z-Tyrosine 

mediuni 


t ~ " 

Polysacc. 

Total 

r 

Polysauc. 

Total 

1 f 

Polysacc. 

Total 

content 

bact. 

content 

bact. 

content 

bact. 

(mg./dry 

wt. 

(mg./dry 

wt. 

(mg./dry 

wt. 

bact. wt.) 

(mg.) 

bact. wt.) 

(mg.) 

bact, wt.) 

(mg.) 

0*010- 

40 

0*027 

54 

0*016 

74 

0*029 

39 

0*055 

26 

— 



0*025 

31 

0*071 . 

25 

0*042 

15 


Thus results are similar to those obtained with 
phenylalanine but are less marked. 

Influence of mannose 

(a) Effect of mannose on the polysaccharide con- 
tent. A comparison between the ability of mannose 
and glucose to allow storage of carbohydrate in 
Esch. coli has been made by determining the effect 
of replacing glucose in the mediuni by mannose. 
Indole was consistently produced in the mannose 
medium and not in the glucose medium when dl- 
phenylalanine was present. The following are the 
results obtained : 

Polysaccharide content (mg./mg. dry bact. wt.) 
of ceils grown in 

A 

r ^ 

cZZ-Phenylalanine present dZ-Phenylalanine absent 


Glucose 

medium 

0*0^7 

0*034 


Maimose 

medium 

0*013 

0*010 


Glucose 

medium 


Mannose 

medium 


The range of bacterial dry wt. was from 32 to 82 mg., 
with the major part falling between 40 and 50 mg. 
dZ-Phenylalanine appeared to be unable to increase 
polysaccharide storage with mannose to any marked 
extent. There was no evidence of storage with 
mannose alone. 

(h) Metabolism of mannose by Esch. coli. Ashford 
& Holmes [1929] showed that in brain there were 
two mechanisms for glycolysis, one concerned with 
the breakdown of glycogen and requiring the 
presence of inorganic phosphate, whilst the other 
was concerned with the breakdo’^vn of glucose and 
did not require the presence of inorganic phosphate. 
Subsequently Ashford [1933] showed that whilst 
the anaerobic breakdown of glycogen and glucose 
could take place at the same time without any signs 
of mutual inhibition, mannose and glucose under 
similar conditions could not be metabolized simul- 
taneously. Thus the conclusion was drawn that the 
same enzyme system was concerned in the meta- 
bolism of both glucose and mannose. In such 
circumstances both sugars were presumably meta- 
bolized by the non-phosphorylating route. In the 
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previous experiments we have shown that glucose 
in the presence of dZ -phenylalanine is able to in- 
crease the polysaccharide storage in Esch. coli and 
we wondered whether, in this ease, the glucose was 
being metabolized by the phosphorylating route. 
On the other hand, since mannose is unable to effect 
such storage it might be metabolized by the non- 
phosphorylating route. To test this the» oxygen 
consumption of washed suspensions of Esch. coli 
grown on phenylalanine -free glucose medium was 
determined, using glucose, mannose and a combina- 
tion of the two as substrates. The concentration of 
the sugars was 0*5 % . To a similar series phenyl- 
alanine was added to give a concentration of 
0*01 %. The results obtained were as follows : 

Oxygen uptake of cells in the presence of 

„ A 

f ^ 

Phenylalanine and No phenylalanine 


Glucose Mannose mannose Glucose Mannose mannose 


^02 

Qo^ 


Q02 

Q02 


11*3 

12*1 

12*5 

12*1 

9*8 

11*7 

7*3 

7*6 

11*4 

11*0 

9*0 

10*0 

10*3 

12*3 

12*4 

14*3 

14*5 

13*3 

5*6 

5*9 

5*9- 

___ 

-- 

— 


^02 =M^* 

oxygen/br./; 

mg. dry 

bact. wt. 



No apparent smnmation of O 2 consumption takes' 
place when the cells are acting upon the mixed 
substrate. Mamiose is slightly more readily meta- 
bolized than glucose in the presence of phenyl- 
alanine and the reverse is true in its absence. The 
Og consumption of the cells metabolizing glucose is 
apparently greater when phenylalanine is absent 
from the medium. This conforms with its , action in 
enhancing polysaccharide storage. 

DISCUSSION 

From the results presented there would appear 
to be no doubt that the mechanism of the glucose 
inlribition of the tr5q3tophanase system in Esch. coli 
depends on the ability of the cell to store more . 
polysaccharide than is present in the cell after cul- 
ture in indole -producing media and that the meta- 
bolism of such stored polysaccharide may delay the 
onset of indole production when such cells are 
incubated with tryptophan. 

Antagonistic actions on the storage of polysac- 
charide appear to be exerted by tryptophan and 
phenylalanine, the latter stimulating storage. Thus 
the suggestion can be made that a labile component 
of the enz;^Tne systems concerned in the breakdown 
of tryptophan to indole and in the storage of carbo- 
hydrate is common to both and that competition 
occurs. The role which cZZ -phenylalanine plays in 
stabilizing the enzyme system so that storage of 
carbohydrate becomes its main function is obscure. 
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The TiaturaF l{ - ) form appears to be inactive and 
therefore it is presiimaMy the hion-naturar d( + ) 
form which exerts this action. ■ 

, Butts,, ' Dunn & Halimaii [1938], working with 
rats, found tliat dFplienyialanine was very active 
. ill the formation of liver glycogen in this animal, 
although dl -tyrosine was found to be inactive. 
Subsequently Butts, Siimhuber & Bimn [1941] 
found that although dZ-tyrosine was inactive .in the 
formation of liver glycogen, the l{ — ) form caused 
some storage to oeour.. Our, experiments may indi- 
cate that l{ — )~tyrosiiie is more active in enhancing 
polysaccharide storage in MJsch, coli than is l{ — )- 
phenylaianhie but in neither case does the l{ — ) 
form show an activity equal to the activity shown 
by the deform. The similarities and dissimilarities 
of the action of phenylalanine and tyrosine on the 
carbohydrate metabolism of a maiximai and of a 
bacterium, open up some interesting questions. 

dF Phenylalanine inhibits to a slight extent the 
dissimilation of glucose by washed suspension of 
Esch, coli» If the amount of polysaccharide storage 
depends on a balance between the rate of storage 
and the rate of dissimilation, then if the latter rate 
is decreased we shall have increased storage. If we 
accept the scheme postulated by Hanes [1940] for 
the metabolism of glycogen by yeast cells, and the 
generally accepted scheme for the dissimilation of 
glucose, and apply them to the cm’rent problem, 
then phenylalanine may act either by influencing 
the equilibrium of the reaction glycogen ^glucose - 
1 -phosphate, or the dissimilation of the latter. In- 
eiease in glycogen storage may be sufficient to 
explain the decrease in the dissimilation of glucose, 
or the decrease in the dissimilation of glucose phos- 
phate may be sufficient to explain the increased 
glycogen. 

With regard to the failure of mannose to produce 


polysaccharide storage in Esch, coli under the in- 
fluence of dFpheiiylalanine, it would appear true to 
say that mannose is apparently metabolized by the 
same route as glucose, and since in this case glucose 
is capable of forming polysaccharide, it would ap- 
pear most likely that this route is a phosphorylating 

one. It should, however, be pointed out that Cori, 

Schmidt & Cori [1939] prepared an eluate of yeast 
which together with the addition of adenylic acid 
and glucose -1 -phosphate could produce a polysac- 
charide. Such a mixture coxild not, however, pro- 
duce a polysaccharide from a similar maimose 
phosphate ester. Thus the conclusion to which we 
come is that although the mamiose may be under- 
going metabolism by the phosphorylating route, 
the enz^yme system concerned in polysaccharide 
formation is miable to form polysaccharide from 
the mamiose- 1 -phosphate which may be formed. 

summary' 

1. dZ -Phenylalanine and dZ-tyrosine bring about 
an increased storage of metabolizable polysac- 
charide in Esch. coli when the latter is grovm on a 
medium of known composition containing trypto- 
phan and glucose. 

2. The Z( — ) forms of these amino -acids are in- 
active in bringing about this increased polysac- 
charide storage. 

3. Mamiose is unable to increase the polj^sac- 
charid© storage of Each, coli in the presence of 
dZ-phenylalanine, and suggestions have been given 
to explain this. 

4. Tryptophan is antagonistic to dZ-phenyl- 
alanin© in its action on polysaccharide storage. 

5. Suggestions have been put forward to localize 
the site of activity of dZ-phenylalanine, and also to 
relate the tryptophanase system and the systems 
concerned in carbohydrate breakdown. 
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The Effect of the Plasma Proteins upon the Sedimentation Rate 

of Human Blood 

By CLEMENTINA M. GORDON and J. R. Frmn the Pathological Department, 

The Lake Hospital^ Ashton -under ^Ly ne 

{Eeceived 15 February 1943) 


Fresh blood which contains an anticoagulant will 
separate out on standing, leaving a sharp boimdary 
between the clear plasma above and the packed red 
cells below. The rate of this sedimentation is used 
as a clinical test, because in the healthy subject it 
occurs very slowly, while in many pathological con- 
ditions it is extremely rapid. ‘From the work of 
Fahraeus [1929], Tiffeneau Gysin [1937] and 
Frazer & Rennie [1941] it is known that the rate 
of sedimentation is determined by the protein con- 
stituents of the plasma, but no clear correlation has 
yet been foimd between the observed sedimentation 
rate and the cpiantities of the various protein frac- 
tions [Alred-Brown & Monroe, 1935; Ropes, Ross- 
meisl & Bauer, 1939; Frazer & Rennie, 1941]. In 
this paper the problem has been tackled by building 
up ‘pathological plasmas’ with protein fractions 
isolated from normal plasma and observing the 
behaviour of normal cells suspended in them. 

METHODS 

Estimation of sedimentation rate. The following procedure 
gave consistent results. Blood was collected into a tube 
containing dry anticoagulant in such amount that 100 ml. 
of blood contained O-S-l-O g. of Na citrate, or 0-5-3-0g. of 
heparin. Within 15 min. of withdrawing the blood it was 
suspended in a Westergren type of tube, giving a column 
200 mm. high and 2-8-3’0 mm. in diameter. This \vas fixed 
vertically in a rack, and the sedimentation rate expressed 
in terms of the height in mm. of plasma visible above the 
erythrocytes at a given time. 

Preparation of protein fractions. The material used was 
normal human plasma which had been citrated and kept 
for about 6 days at 4°. The salted -otit precipitates were 
dialysed under pressure against 0*85% NaCl until no con- 
taminant salt remained, and the proteins sterilized by Seitz 
filtration and stored at 4®. Fibrinogen, total globulin, 

■ euglobulin, pseudoglobulin and total albumin W'ere precipi- 
tated by appropriate concentrations of (^ 114 ) 2804 ; cryst- 
aibumin, globoglycoid and seromucoid were separated as 
described by Hewitt [1938 a], and by Rimington & van den 
Ende [1940], and nucleo-protein by the COg precipitation 
method of Plimmer [1926]. All these fractions gave Molisch 
and cystine-S reactions in accordance with the literature. 
Seroglycoid could not be obtained, and if It does exist in 
human plasma it vdll be included in our total albumin 
fraction, and will not be present as a contaminant in any 
subsidiary fraction. Hewitt’s serogl^n^oid may be equi- 
valent to our seromucoid. 

Our experiments were always duplicated, and usually 
repeated three or more times on dilferent occasions, usiiig 


separate batches of the protein in question, and different 
normal cells. The variation in the results was usually less 
than ± 9 % . 

RESULTS 

Influence of ^purified ’ p)^Gisnia proteins 
on rate of cell sedimentation 

{a) Influence of mode of prejmration of total 
globulin fraction on its action on sedmientation. 
Fahraeus [1918], and later Tiffeneau & Gysin [1937], 
showed that if cells were suspended in solutions of 
protein fractions isolated from plasma, the sedimen- 
tation rates obtained w^ere in the order, fibrinogen > 
globulin > albmnin. Before attempting to repeat 
these results, experiments were carried out to ascer- 
tain whether the treatment undergone by a protein 
fraction during isolation affected its sedimentation - 
influencing properties. The results obtained with 
the total globulin fractions separated from portions 
of the same batch of normal plasma by three 
different methods (Table 1 ) showed substantial 
differences, despite the fact that the pseudoglobulin/ 
euglobulin ratios were the same (4/1) for all tliree 
preparations. 

Table 1. 'Rate of sedimentation of human erythrocytes 
in the presence of serum globulin prepared by 
diffei'ent methods 

(Total globuliu cone. =3 g./lOO mi, 0*85% NaCl. 

Cell vol=20%.) 

Total globulin fractions prepared 
by precipitation by 

^ A ■ ' 

Sat. with Sat. with 4-sat. wfith 
NaCl MgSO* (NH 4 ) 2 S 04 
Sedimentation after 10 15 5 

30 min. (mm.) 

if)) Action of single plasma proteins prepared as 
described under Methods. We repeated the experi- 
ments of Fahraeus [1918] and of Tiffeneau & Gysin 
[1937], using a greater range of plasma protein 
fractions. From the results shown in Table 2 , it will 
be seen that the most rapid sedimentation rates 
are obtained with fibrinogen and euglobulin. Tlie 
question arose whether the ‘slower’ proteins, such 
as total albumin, when mixed with a ‘fast ’ protein, 
merely reduced the sedimentation rate by acting as 
a diluent, or if the resulting sedimentation rate was 
the mean of those for the two separate proteins. 
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Table 2. Rate of sedimentation of human erythrocytes 
suspended in solutions of normal plasma 

pt-rotein fractions 

(Protein cone. =3 g./lOO ml. 0-85% NaCl. 

Cell vol.=20%.) 



Avei’age sedimentation 
(mm.) after 

, 

No. 

of 

Protein 

1 hr. 

4 hi'. 

24 hr. 

exp. 

Fibrinogen 

100 

150 

150 

3 

Total globulin : 

(a) Pseudoglobiilin/eu- 

4 

22 

100 

2 

globulin ratio = 4 : 1 

(6) Pseudoglobulin/eu- 

14 

20 

130 

2 

, globulin ratio = 1*6: 1 

Euglobulin 

20 

50 

70 

3 

Pseudoglobulin 

2 

16 

, 50 

4 

Total albumin 

1- 

5 8 

26 

3 

Crystalbumin 

2 

10 

40 

2 

Globoglycoid 

2 

5 

26 

1 

Seromucoid 

3 

7 

37 

1 

Nucleoprotein 

3 

8 

40 

■ 2 


(c) Interaction of two pjlasma proteins. For ex- 
periments with fibrinogen three tubes were set up 
containing {a) fibrinogen (3 g./tOO mi.) ; (6) the same 
fibrinogen solution diluted with an equal volume of 
saline, and (c) the fibrinogen solution diluted with 
an equal volume of a 3 g./lOOml. solution of total 
albumin. The results (Table 3) show that albumin 

Table 3. Bate of sedimentation of human erythrocytes 
suspended in solutions of fibrinogen diluted with 
saline or albumin 

(Fibrinogen and albumin sol. =3 g./lOO ml. 0*85% NaCl. 

Cell vol. =20 % . Results mean of 5 experiments.) 

Equal vol. of 

A 

Fibrinogen Fibrinogen Fibrinogen 
and and 0-8o % and 
fibrinogen NaCl albumin 

Sedimentation after 100 40 6-0 

1 hr. (mm.) 

does not act simply as a diluent ; if the sedimentation* 
rate in the mixture were the mean between that in 
fibrinogen (100 mm.) and that in albumin (1-5 mm.), 
the reading in the third tube should have been 
60* 7 mm. Actually the albumin inhibits the action of 
the fibrinogen so strongly that the reading is scarcely 
more than that given by a 3 % solution of albumin 
alone. The action of other proteins upon fibrinogen 
was therefore studied, in order to ascertain whether 
this inhibitory action was peculiar to albumin. 

The series of experiments in Table 4 shows that 
globulin slightly accelerates the sedimentation rate 
in fibriiiogen solutions, and that this eJTect is due to 
the euglobulin fraction. The inhibiting effect of the 
albumin is caused by globoglycoid, while crystalbu- 
min and seromucoid have hardly more effect than 
a mere saline dilution. The effect of nucleoprotein 


Table 4. Sedimentation of human erythrocytes sus- 
pended in solutions of fibrinogen mixed with equal 
volumes of another protein fraction 

(Protein cone. =3 g./lOO ml. 0-85% NaCl.) 

Mean sedi- 
mentation 
at end of 
1st hr. No. of 
Protein mixture mm. exp. 

Fibrinogen and saline 40 2 

Fibrinogen and total globulin 60 2 

(pseudoglobulin/euglobulin 
ratio =4:1) 

Fibrinogen and euglobulin 75 2 

Fibrinogen and pseudoglobulin 30 3 

Fibrinogen and total albumin 4*6 4 

Fibrinogen and crystalbumin 50 3 

Fibrinogen and globoglycoid 10 2 

Fibrinogen and seromucoid* 70 1 

Fibrinogen and nucleoprotein 1-0 3 

* Seromucoid 1*8%. 

is surprising, for after 24 hr. the fall is only 3 mm. 
Its normal concentration is low (0-003 g./iOO ml. 
plasma), and since it is insoluble at 20% sat. 
(NH 4 ) 2 S 04 , it will occtir as a contaminant in the 
fibrinogen fraction. 

These results suggest that the interaction of pro- 
teins in the plasma has a great influence upon 
erytlirocy te stability. The effect of combining any 
two protein fractions in equal proportions has been 
worked out in some detail, and the corresponding 
saline dilutions given for comparison. The results 
tabulated in Table 5 are expressed as the fall at the 
end of 3 hr. with a 20% volume of fresh normal 
cells. The 3rd hr. reading is presented here because 
the ‘slower’ proteins fail to show significant differ- 
ences at 1 hr., and the ‘faster’ have all reached the 
terminal packing stage by the 5th hr. To find the 
sedimentation for, say, a combination of fibrinogen 
and euglobulin, take the horizontal fibrinogen row 
of figures and follow it along until it intersects the 
vertical colunm for euglobulin. The reading in this 
square is 142 mm., which represents the average 
3rd hr. fail for this combination. Table 5 shows the 
action of the proteins upon fibrinogen and also the 
inhibitory effect of total albumin upon the globu- 
lins, which is not so great in proportion as with 
fibrinogen. Nucleoprotein gives a greater sedimen- 
tation rate alone than when mixed with fibrinogen. 
We can give no explanation of this, but the experi- 
ment was repeated three times with the same result. 
The interaction between the ‘slower’ proteins is 
uninteresting. The figures show the effect of two 
proteins only in solution: in plasma, however, all 
the fractions are coexistent, and as we have shown 
that albumin inhibits fibrinogen, it seems likely that 
albiimin will also inhibit the euglobulin wdiich, if 
alone, would accelerate the fibrinogen, and thus 
exercise a double inhibition upon fibrinogen. 
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Table 5. Sedwmntation of hmnafi erythrocytes suspended in mixtures 
containing equal volumes of two plasma proteins 


(Protein cone. = 3 g./ 100 ml. 0*85% JSTaCi. Results given as mean:of 2-4 experiments.) 

Mean sedimentation after 3 hr. 
mm. 



f 

Niicieo- 

Sero- 

Globo- 

Cryst- 

Total 

Pseudo- 

Euglo- 

Total 

Fib- 



protein 

mucoid 

glycoid 

albumin ■ 

albumin 

globulin 

bulin 

globulin 

rinogen 

Saline 

Saline 

— 


3-5 

— 

5 

7 

10 

7 

97 

3 

Fibrinogen 

3 

130 

40 

100 

10 

60 

142 

130 

150 

97 

Total globulin 

— 

— 

6 

7 

7 

9 

20 

11 

130 

1- 

Euglobulin 

— ■ 

.. — 

5 

7 

2 

10 

25 

20 

142 

10 

Pseudoglobulin 

. — 

— 

3 

35 

5 . 

15 

10 

9 

60 

10 

Total albumin 

■ — 

— 

3 

3 

5 

5 

2 

7 

10 

5 

Crystalbuniin 

— 

— 

2 

6 

3 

35 

7 

7 

100 

— 

Gioboglycoid 

— 

_ 

3 

2 

3 

3 

5 

6 

40 

3*5 

Seromiieoid 

— 

5 

— 

— 

— 

— 

— 

_ 

130 

— 

Nucieoprotein 

5 

— 

— 

— 


__ 

— 


3 

— 


{d) Interaction of three or more plasma proteins. 
This type of interaction was worked out in three 
stages : 

(1) Fibrinogen altered: Constant globulin and 
albumin. 

(2) Globulin and its fractions altered: Constant 
fibrinogen and albumin. 

(3) Albumin and its fractions altered: Constant 
fibrinogen and globulin. 

The effect of fibrinogen upon sedimentation rate 
was studied by comparing the fall of cells in plasma 
with that in serum from the same person, part of 
the specimen being collected with oxalate and part 
being allowed to clot for serum. The oxalated ceils 
were centrifuged, washed in saline, and resuspended 
in the plasma and the serum. Table 6 shows that 

Table 6 . Coinparison of sedimentation rates of human 
erythrocytes suspended in plasma and in serum 
from the same blood 

(Five experiments performed.) 

Erythrocytes 
suspended hi 

/ v .. 

f ^ ^ ■ 

Plasma Serum 

Normal blood, cell vol. reduced to 20 % . 15 6 

Sedimentation at 7th hr. (mm.) ; 

Pathological blood, cell vol. unaltered. 60 6 

Sedimentation after 1 hr. (mm.) 

although some sedimentation can take place in the 
absence of fibrinogen, it plays the chief part, and 
therefore its acceleration or inhibition will have a 
great effect upon sedimentation. Oakley [1938] was 
able to add normal blood of Imowm fibrinogen con- 
tent to blood which completely lacked fibrinogen, 
and found that the relation between increased sedi- 
mentation rate and fibrinogen content was practi- 
cally linear. 

The second and third types of reaction were studied 
by constructing artificial plasma from a mixture of 


single protein fractions. In order to test the accu- 
racy of this method, sedimentation rates on normal 
and pathological blood were carried out parallel 
with analyses on the plasma, and records of ceil 
size and cell volume kept. From these data artificial 
plasma was built up, the correct volume of fresh 
normal cells suspended in it, and the sedimentation 
rate determined. The total protein percentages were 
often lower than in the original, because it was 
found difficult to obtain all the individual fractions 
sufficiently concentrated, but the ratio of the com- 
ponent fractions was maintained. The protein solu- 
tions must be in good condition, for a denatured 
batch of, say, fibrinogen will invalidate the whole 
experiment. The results of imitating normal and 
pathological blood are shown in Tables 7 and 8. 


Table 7. Sedimentation of human erythrocytes 
suspended in natural or artificial normal plasma 



Composition 
of natural 

Composition 


normal 

of artificial 


plasma 

normal 


proteins as 

plasma 


g./lOO ml. 

g./ 100 ml. 

Fibrinogen 

, 0-3 

0-24 

Globulin 

2-7, 

2-16 ■ 

Albumin 

'4*0 

3-2 

Total protein 

7*0 

5'6 

CeUvol.(%) 

40-0 

40-0 

Cell diam. (^) 

7-1 , 

:7-I 

Sedimentation after 

4-0 

3-0 

1 hr. (mm.) 




From these two experiments we conclude that an 
artificial ixiixture of normal proteins does behave 
similarly to natural pathological plasma, in its effect 
upon sedimentation. 

The globulin fractions were studied on the basis 
of the tuberculous plasma analysis given in Table 8. 
It will be seen that the fibrinogen and albumin 
were maintained constant and total globulin first 
replaced by euglobiilin, and then by pseudoglobulin. 
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Table 8. Sedimentation of human erythrocytes 
svspeyid-G(l in neitiiral and' artificia'l tubercidous 

plasma Composition of plasma 

(proteins as g./lOO ml.) 



Artificial plasma 
containing 

^ , 
Natural Total Eu- Pseudo- 
plasma globulin globulin globulin 


Fibrinogen 

0-6 

0*6 

0-6 

0-6 

Total giobiiliii 

3-32 

3-2* 

— 

— 

Englobiiliii 

2-15 

— 

3*2 

0 

Pseiicloglobulin 

M7 

— 

0 

3-2 

Albumin 

3-6 

3-6 

3-6 

3*6 

Total protein 

7*52 

7*4 

7-4 

7*4 

CeUvol.(%) 

40-0 

40-0 

40-0 

40*0 

Sedimentation after 

94-0 

90-0 

80-0 

26*0 


1 hr. (mm.) 

* Prepared by precipitation by MgS 04 . 

Because euglobtdm slightly accelerates the sedi- 
mentation rate of fibrinogen (Table 4) we consider 
that the artificial plasma with euglobulin ought to 
have shown a greater sedimentation rate than total 
globulin, and attribute the slightly lower reading to 
a poor batch of the protein. The inhibitory action 
of the pseudoglobulin is, however, clear enough. 
Some months after this experiment was performed, 
a case of tuberculosis became available in which the 
sedimentation rate wasi'ow and the pseudoglobulin 
high, while the disease w^as sufficiently advanced for 
the sputum to show great mmibers of tubercle 
bacilli. The results were as follows : 

Plasma protein 
content 

A 

Cone, 

Protein g./ldOml. 

Fibrinogen 0*5 

Euglobulin Od CellvoL=36% 

Pseudogiobulin 2-3 Sedimentation (1 hr.) =0-5 mm. 

Albumin 4-49 

This analysis may well be compared with that 
for plasma and the artificial plasma containing 
pseudoglobulin (Table 8). 

A t;^pical nephritic blood was constructed in 
order to study the effect of the component fractions 
of albumin. This was chosen because there is much 
Imowm about the albumin changes in nephritis and 
nephrosis. The fibrinogen and globulin were kept 
constant throughout; normal total albumin was 
used first to see if a typically rapid nephritic sedi- 
mentation 'could be obtained. 

The sedimentation (Table 9) is not so great as 
one would expect in natural blood with the same 
composition. The total albumin was then replaced 
by globogiycoid and then by crystalbumin. The 
plasma contaming globogiycoid (Table 9) gav§ 
an extraordinarily slow sedimentation, and the 


Table 9. Sedimentation of human erythrocytes 
suspended in artificial nephritic plasma 

Composition of artificial plasma 
(proteins as g./lOO mi.) 
containing 


Fibrinogen 
Globulin 
Total albumin 
Crystalbumin 
Globogiycoid 
Total protein 

Cell vol. (%) 
Sedimentation after 
1 hr. (mm.) 


Total 

albumin 

0*32 
3-2 
1-7 
0*0 
0-0 
■ 5-2 

20-0 

15-0 


Globo- 

giycoid 

0-26 

2-6 

0*0 

0*0 

1*3 

4*2 

20-0 

1-0 


Cryst- 

albumin 


crystalbumin mixture caused a far more rapid fall 
than could be obtained in real nephritic blood. The 
interesting point is that the component fractions 
of albumin have a remarkably different effect upon 
the sedimentation rate. Unfortunately, seromucoid 
could not be prepared in sufficiently concentrated 
solution for use in these experiments. 

Hewitt [1938a] analysed nephritic serum and 
found the crystalbumin fraction to be far below 
normal, while the globulin and seroglycoid (equi- 
valent to seromucoid?) were not strikingly different ; 
no mention, however, is made of globogiycoid. If 
crystalbumin is reduced in real nephritic blood, one 
would expect, from these experiments, a slower 
sedimentation rate. Unfortunately, there is no con- 
venient method of analysing the albumin com- 
ponents on a small sample of blood, and our results 
do not tally with his findings. 

DISCUSSION 

From this series of experiments we conclude that 
the power of sedimentation of blood is not controlled 
by the absolute concentration of either the total 
plasma proteins or the protein fractions, but by 
the inhibition of one protein by another. Thus it is 
quite possible to have a high fibrinogen content and 
low sedimentation rate due to increase of pseudo- 
globulin at the expense of the euglobulin, while the 
total globulin concentration remains stationary; or 
an increase of globogiycoid over crystalbumin -can 
inhibit the action of the globulins without inducing 
any abnormality in the gross protein fractions. This 
concept probably explains why Aired -Brown & 
Monroe [1935] and Ropes '“cif al. [1939] found no 
relation between the concentration of any one pro- 
tein fraction and sedimentation rate, w’hile Frazer 
& Reimie [1941] found decrease of albumin and, to 
a lesser extent, increase of fibrinogen, associated 
with rise of sedimentation rate, wdiile the globulins 
had no appreciable effect. 
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Our experiments suggest that when the blood 
sedimentation rate is raised j there is no alteration 
in the chemical structure of the proteins. A possible 
exception to this is the Bence- J ones protein [Devine, 
1941]. Geottsch [1936] foimd that nephritic total 
globulin was immunologically different from the 
normal, and Alving [1936] found changes in the 
cystine content of total albumin in nephrosis. 
Hewitt [19386] later showed that in both cases the 
individual fractions of globulin or albumin give 
normal chemical and immunological reactions, and 
the altered ratios are responsible for the abnor- 
mality of the plasma. 

■ SUMMARY 

1. The proteins from normal plasma were sepa- 
rated into nine fractions, and the rate of fall of a 


20 % vol. of erythrocytes in 3 % solutions of the 
proteins during 1 hr. was found to range from 
100 mm. for fibrinogen to 1*5 mm. for total albumin, 

2. The fractions were combined in equal amounts 
using 39 pair’s. The action of the ‘faster’ fractions, 
fibrinogen and euglobulin, is inhibited by the ‘slow’ 
nucleoprotein and globoglycoid. 

3. Artificial pathological plasmas built up from 
these fractions gave sedimentation rates similar to 
those for the comparable natural material. With 
artificial tuberculous plasma it was found that by 
altering only the component globulin fractions, the 
sedimentation rate could be changed from 94 to 
26 mm.; and with artificial nephritic blood, substi- 
tution of total albumin by crystalbumin altered the 
rate from 15*0 to 145 mm., while substitution of 
the total albimnn by globoglycoid changed it from 
15-0 to 1-0 mm. 
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Phosphorolysis and Synthesis of Glycogen in Animal Tissues 

By B. SHAPIRO and E. WERTHEIMER, From the Department of Pathological Physiology, 

The Hebrew University, Jerusalem 

{Received 30 January 1943) 

The mechanism of glycogenolysis in muscle a/ud liver bution of the enzymes coneerned, in various tissues 
is describedbyCori,Cori & Schmidt [1939] as follows:, at various stages of development, and to compare 

(1) Glycogen + phosphate glucose- 1 -phosphate the enzymic activities with the rate of metabolism 
(catalysed by phosphorylase and adenylic acid). ’ of glycogen in the tissue coneerned. The further 

(2) Glucose- 1 -phosphate hexose-6-phosphate question was also investigated in this connex;ion 

(catalysed by phosphoglucomutase and Mg++). whether insufficiency of one or more of the desig- 

(3) Hexose- 6 -phosphate glucose 4- phosphate nated enzymes is the cause of metabolic disturbances 

(catalysed by phosphatase in liver). in certain pathological conditions. 

(3a) Hexose- 6‘-phosphate hexose-l:6-diphos- A separate series of experiments dealt with some 

phate -> lactic acid (in muscle). _ properties of phosphorylase, and in particular with 

These reactions are responsible for glucose forma- its inhibition by glucose. This inhibition was first 
tion in liver, and are the first steps in glycolysis in observed by Lehmann [1938] who suggested its 
muscle- Glycogen resymthesis too is probably ex- possible physiological importance. It may be re- 
plained, by the same reactions [Cori & Cori, 1941]. sponsible for the homeostatic mechanism described 
It seemed of interest, therefore, to study the distri- by Soskin, Essex, Herrick & Mann [1938]. 
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METHODS 

P'reparation of pJiospliorylase 

Phosphorylase was prepared according to Cori et aL [1939] 
by adsorbing the enzyme of tissue extracts on Al(OH)3 and 
eluting with Na giyceropliosphate. It w’as found, however, 
that C^v A1(0H)3 prepared according to Willstatter, Kraut 
& Erbaeher [1925] frequently yielded inactive enzyme pre- 
parations. With the variation, on the other hand, active 
preparations were regularly obtained, and remained active 
for long periods provided the precipitate had been washed 
only once with KH4OH instead of twice. 

Estimation of enzymic activity 

{a) PhospJiorylase actwity was estimated on the basis of 
the amount of glycogen synthesized from glucose- 1 -phos- 
phate in the presence of the enzyme. A mixture of 1 vol. 
enzyme solution and | vol. of a solution containing 3% 
glucose- 1 -phosphate and 1^% glycogen in A/10 H2SO4 is 
incubated at 25® for various periods. In some cases 0*25 mg. 
acienylic acid is added per ml. of the mixture.- The extent 
of glycogen synthesis was determined by measuring the 
amount of inorganic phosphate liberated. 

(6) Phosphoglucormitase activity was estimated as the 
decrease in easily hy dr oly sable phosphate (10 min. 
hydrolysis with A/1 HGi at 100®) when glucose-1- 
phosphate is added to 0*3 g. of tissue brei suspended 
in 2 ml. of bicarbonate Ringer containing lf/40 NaF, 
and incubated at 37° with continuous shaking. The bi- 
carbonate Ringer is composed of 4 ml. 1*15% KOI, 1 ml. 

MgS04, 100 ml. 0*9% NaCl and 60 ml. 1*3% 
NaHCOg . Before use the solution is saturated with COg . 

(c) Glycogen phosphor oly sis. The conversion of glyco- \ 

gen into hexose-6-phosphate was measured by estimating 
the disappearance of inorganic phosphate w’hen 0*3 g. of 
tissue brei was incubated -with 1 % glycogen and 31/40 
KaF in phosphate-Ringer at 37° with continuous shak- 
ing. The phosphate-Ringer is similar in composition to 
the bicarbonate-Ringer except that phosphate buffer 
M/IO of^H 7*4 is used instead of bicarbonate. 1 

(d) Estimation of phosphate. Phosphate was estimated 
according to Lohmann & Jendrassik [1926] after the 
reactions had been stopped by the addition of 1 ml. 20 % 
CCI3.COOH. In the case of glycogen synthesis from 
^ucose-1 -phosphate the acid solution is immediately 
diluted to avoid splitting of the ester by acid. 

EESULTS 

Distribution of the phosphorolytic system 

Phosphorylase was found in almost all tissues 
(Fig. 1). Organs with a highly active glycogen 
metabolism, such as muscle, liver and heart, how- 
ever, give much more active phosphorylase pre- 
parations than organs which are devoid of, or have 
only a slight glycogen metabolism, as, for example, 
lungs, skin, testes, intestine, spleen, adipose tissue 
and placenta. Kidney and brain occupy an inter- 
mediary position as regards both phosphorylase 
activity and glycogen metabolism. 

The distribution of phosphoglucomutase and 
glycogen phosphorylase is generally parallel to the 


Fig. L Glycogen synthesis from glucose- 1 -phosphate by 
phosphorylase in tissue brei. a, muscle; 6, heart and 
subcutis ;"c, liver; d, kidney; e, brain; /, tumour; g, lung 
and intestine; h, skin, testes and spleen; adipose; 
k, placenta. 
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Fig. 2. Conversion of glucose- 1 -phosphate into hexose-6- 
phosphate in tissue brei. a, muscle ; 5, heart ; t, skin ; braiti ; 
e, spleen;/, lung; g, tumour; h, intestine, adipose and testes. 
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Fig. 3. Phosphoroiysis of glycogen in tissue brei. a, muscle ; 
5, liver; c, heart; brain; e, kidney; /, skin; g, lung; 
h, tumour; intestine, testes, adipose, pancreas and 
placenta. 
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intensity oi glycogen metabolism. Yet several ex- 
ceptions were observed (Fig. 2, 3). Tumour tissue 
(sarcoma), though it is not generally classed as a 
glycogen-metabolizing tissue, displayed a high phos- 
phorjdase activity. The phosphorolytic breakdown 
of glycogen by this tissue is, however, very slow as 
compared with that of other tissues. This apparent 
discrepancy is due to the low phosphoglucomutase 
activity of tumour tissue* 

Glycogen metabolism of subcutaneous tissue 

A further apparent disagreement occurs with 
subcutaneous tissue. This tissue is one of the most 
active as regards the phosphorylase activity, but 
was not previously known to possess any high 
glycogen-metabolizing capacity. It was found, 
however, that this tissue has a regular and high 
glycogen metabolism (Table 1), and that subcu- 
taneous tissue from normal rats contains quantities 

Table 1. Glycogen content of subcutaneous tissues 



Blood 

Average 
glycogen 
content 
of sub- 


sugar 

cutaneous 

No. of 

(liig-/ 

tissues 

exp. 

100 ml.) 

% 

24 

121 

0-27 

12 

99 

0-06 

5 

175 

0-06 

5 

125 

0-05 

8 

110 

0-50 


Treatment of animal 

Normal rats 
1-2 days’ fast 
0*03 mg. adrenaline 1-2 hr. 
previously 

0*005-0'01 mg. adrenaline 
1-2 hr. previously 
6 ml. 25 % glucose per os, 
in addition to regular diet 


of glycogen comparable with those of muscle tissue. 
This glycogen store is readily mobilized during 
fasting and thus becomes depleted. On administra- 
tion of adrenalin the glycogen content drops. This 
decrease was observed with doses of adrenalin 
causing an elevation of blood sugar, as well as with 
low doses having no marked effect on the blood- 
sugar level. Sugar administration by stomach tube 
caused a marked elevation of the glycogen content 
of the subcutaneous tissues. 

When rats received a normal, carbohydrate-rich 
diet after prolonged undernutrition (causing 20%, 
loss of body wt.), an exceptionally high glycogen 


content was found in the subcutaneous tissues on 
the 1st day after recommencement of the normal 
feeding. After 7 days on the usual carbohydrate- 
rich diet the glycogen content is again normal. In 
Table 2 the results with subcutaneous tissue are 
compared with those for glycogen in adipose tissue 
and in liver, imder similar conditions [Tuerkischer 
& Wertheimer, 1942]. 

Subcutaneous tissue may thus be regarded as a 
glycogen-metabolizing tissue, and appears to con- 
stitute a supplementary glycogen store for the body. 

The development of the phosphorolytic system, 

It is Imown, largely from the work of Needham 
and his collaborators [Needham & Lehmann, 1937; 
Needham & Nowinski, 1937], that embryonic tissue 
acts preferably on glucose, and only very slowly on 
glycogen, to form lactic acid. Chick embryo is rarely 
able to phosphorylate glycogen. The glycogeno- 
lytic system in various organs develops only with 
advancing age. Experiments were undertaken in 
order to identify the rate -limiting component of the 
glycogenolytic system, and to clarify the course of 
its development. 

In muscle tissue from rats up to 10 days of age no 
phosphorylase activity could be detected (Table 3). 
This lack of activity is not due to the lack of the 
coenzjmie adenylic acid, since even after addition 
of optimal amounts of coenzyme only an insigni- 
ficant glycogen synthesis took place. As Table 3 
shows, muscle phosphorylase activity rises rapidly 
after the 10th day and is substantial by the 14th 
day. At this stage the amoimt of adenylic acid 
present in muscle is the limiting factor, since the 
addition of this substance caused an acceleration 
of glycogen synthesis which is never observed in 
adult muscle tissue. 

Table 3. Glycogen synthesis in muscle tissue 
from young rats 

Glucose- 1 -phosphate converted into 
glycogen in 1 hr. (% theoretical) 


Age in days 
10 
14 
20 


Without addition of With addition of 
adenylic acid adenylic acid 


Table 2. Glycogen content of subcutaneous tissues after normal feeding of rats 
pjreviously subjected to prolonged undernutrition 





Glycogen content of tissue (%) 





f 

After 7 days’ 


Days after re-feeding 

with carbohydrate-rich diet 

A 


Tissue 

undernutrition 
wt. loss = 20 % 

f 

1 

2 3 

4 

5 

6 

'■■■■ 7 

Subcutaneous, tissue 

0*07 

0*58 

0-92 0-61 

0-51 

0-50 

0-55 

0-32 

‘ White ’ adipose tissue 

0-00 

0-55 

0-90 ’ 0-50 

0*23 

Trace 

0-00 

0-00 

‘Brown’ adipose tissue 

0-00 

1*85 

240 1-80 

0-27 

Trace 

0*00 

0-00 

Liver 

040 

7-2 

6'3 6-0 

3-5 

34 
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The rate of development of the glycogenolytic 
system in brain is cjuite different ’ from that in 
muscle. The activity of the various components of 
the phosphorolytie system in relation to the activity 
of normal adult tissue — taking the last as 100 — ^is 
sliomi in Fig. 4. It can be seen that in contrast to 


Ph 0 2 4 6 8 10 12 14 16 18 20 25 - 30 

Age in days 

Fig. 4. l^liospliorolysis, glycogen synthesis, and phospho- 
glucomiitase action in brain of rats at different ages. 
a, glycogen synthesis; 6 , phosphorolysis ; c, phospho- 
glucomutase. 

the results with muscle, the glycogen-synthesizing 
capacity is already present immediately after birth 
to the extent of about 50% of the adult value. 
Nevertheless, no phosphorolytie breakdown of gly- 
cogen takes place at this age. This is accounted for 
by the complete lack of phosphoglucomutase ac- 
tivity. Thus, the glucomutase and not the phos- 
phorylase is the limiting factor in glycogeiiolysis in 
the brain of yormg rats. As Fig. 4 shows, the 
phosphorolytie capacity of brain parallels the de- 
velopment of the mutase activity. Following an 
initial period of a very slow development up to the 
age of 10 days, the mutase begins to develop quickly, 
and at 14 days about 70 % of the adult activity is 
reached. After this age the results become less 
imiform. In general, the adult value for both 
mutase and glycogen phosphorolysis is reached at 
an age between 20 and 30 days. The phosphorylase 
system develops independently. Its relative activity 
was always higher than other systems examined. 
Hence, it can at no stage be regarded as the limiting 
factor of glycogen metabolism during development. 

■ It remained to be established whether • the de- 
velopment of the enzymic activities is due to the 
development of new kinds of cells or is the result of 
formation of new enzjrmes in cell types already 
present at birth. For this purpose the activity of 
white and of grey brain matter was compared. The 
results (Table 4) show that no significant difference 
in glycogen phosphorolysis can be observed in white 
and grey matter of brain. The development of the 
phosphorylase system thus seems to take place in 
all parts of the brain and not be specially due to the 
development of the grey matter.' ^ 


Table 4. Phosphorolysis of glycogen in white 
and grey matter of rabbit brain 

Hexose phosphate formed 
(mg. P 2 O 5 ) in 


Tissue 

30 min. 

60 min. 

■ 120 min. 

(1) White matter 

0*50 

0-85 

1-00 

Grey matter 

0-48 

0-65 

0-95 

(2) White matter 

0-60 

0-85 

0-98 

Grey matter 

0-64 

0*93 

MO 

Nerve fibre 

0-48 

0-63 

0-70 


Phosphorolysis in pathological conditions 

Since it had been shown that a parallelism exists 
between the capacity of an organ to metabolize 
glycogen and the activity of its phosphorolytie 
system, it was of interest to determine whether a 
deficiency in the glycogen phosphorolytie system 
could be found in pathological cases in which 
glycogen metabolism is disturbed. 

The effect of liver damage produced by various 
methods was first examined. 

Table 5. Phosphorolysis of glycogen in ammals 
subjected to liver damage 

Hexose phos- 
phate formed 
Initial in brei 

glyco- (mg. PaOg) 



Experi- 

. gen 

Fat 


during 

(T 

D 


mental 

con- 

con- 

^ ^ — 

— — 

' A 


treat- 

tent 

tent 

15 

30 

60 

Animal 

ment 

0 / 

/o 

0/ 

/o 

min. 

min. 

min. 

{a) Liver tissue : 







Guinea-pig 

None 

2-4 

4 

1*32 

2*05 

245 


CCb 

0-4 

8 

0-70 

145 

1-60 


,, 

0-3 

9 

0-70 

143 

1-63 

?? 

99 

0*0 

8 

048 

0-87 

1-23 


99 

0-0 

9 

042 

0*78 

MO 

9? 

P 

2-0 

5 

0-95 

L50 

2-25 



Trace 

8 

0*62 

1-24 

LS 2 


„ 

39 

11 

048 

0*55 

0-86 



93 

10 

0-54 

0-68 

0-94 

Habbit 

None 

2-0 

. 4 

MO 

1-82 

2-32 


OCk 

0 - 

7 

0-30 

0*77 

0*93 

>> 

99 

0 

9 

0-00 

O’OO 

040 


CHGig 

04 

9 

0-25 

0-53 

0*85 


99 

0-5 

8 

0-37 

0-64 

0*98 

» 

Plilor- 

0-0 

8 

0-82 

1-36 

1-67. 


rbizin 







(fasting) 






99 

0-2 

9 

0'75'^ 

' 1-24 

1*75 

( 6 ) Muscle tissue: 







Guinea-pig 

93 

None 

— - 


145 

2-03 

2*40 

CCI 4 


— 

1*67 

2-50 

2*55 

93 


■ — 


1-33 

2-05 

2*18 

99 


0 

'■'8 

145 

240 

2*40 



0 

9 

1-30 

2-08 

2*43 

' 99 

P 

2-0 

5 

1-80 

2 -()() 

2*80 

93 

93 

Traces 

8 

244 

2-74 

2*94 

99 

. ■■■>?■■ ■ - . 

,, 

11 

1 -GS 

2-30 

2-56 


99 

,, 

10 

1-63 

2-00 

240'. 
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^ It is evident from the data (Table 5) .that livers 

damaged by poisons such as CCi 4 , P and CHCig 
show impaired glycogen phosphor olysis breakdown. 

I The fat and glycogen contents of liver served as 

measures of liver damage. It may be seen that 
when the liver fat has been raised above 8 % , with 
low glycogen content, by the administration of the 
above poisons, the phosphorolytic capacity of the 
liver is far below normal. When fat accumulation 
was induced in "the liver without damage, by pro- 
longed fasting and phlorrhizin treatment, no com- 
I parable loss of phosphorolytic capacity was ob- 

served. 

The diminution in phosphorolytic activity does 
not seem to be due to inactivation of phosphorylase, 
since, even in cases of almost complete lack of 
phosphorolytic activity, phosphorylase preparations 
from the same liver spithesize glycogen normally, 
i The diminution may be due to an inactivation of 

the phosphoglucomutase. Further proof of tliis 
assumption is not available, since the estimation of 
phosphoglucomutase in liver is not practicable, liver 
phosphatase being active even in the presence of 
high concentrations of fluoride. In liver brei glucose- 
1 -phosphate is split to give inorganic phosphate 
without the accumulation of hexose-6-phosphate. 

Phosphorolysis in muscle tissue from adrenal- 
f** ect 07 nized and thyroidectomized rats 

Phosphorolysis was examined in muscles of ad- 
renalectomized rats maintained in good condition 
by Rubin -Ehieck’s salt solution. Rats were used 
10-30 days after adrenalectomy, and estimations 
were carried out after 10-30 min. incubation of tfie 
brei. Phosphorolysis in muscle of such fats was 
either normal or slightly diminished. The results 
agree with those of Holmes & Lehmann [1940] who, 
working on liver, found no loss of phosphorolysis 
activity in minced liver of adrenalectomized rabbits. 
They contradict those of Verzar & Montigel [1942], 
who foimd that phosphorolysis in the muscles of 
adrenalectomized rats was almost completely abo- 
lished when short incubation times (up to 30 min.) 
y^we used. It has, however, been shown by Holmes 
& Lehmann [1940] that the glycogen synthesis from 
I glucose by rabbit -liver slices is lowered when the 

animals used were adrenalectomized. Bendall & 
Lehmann [1942] obtained the same result with rat- 
liver slices ; they could restore the normal activity 
by a previous injection with extract from the 
suprarenal cortex. 

Thyroidectomized rats also showed normal phos- 
phorolytic power. The rats were maintained before 
and after operation on a diet containing fresh milk. 
Similar results were obtained throughout an interval 
of 1-4 months after operation. 

In thyrotoxicosis also, phosphorolytic activity 
was found to be normal. 


Properties of the ^phosphorylase system 

(а) Heat inactivation. The phosphorylase of 
muscle of rats and rabbits is highly thermoiabiie. 
Heating to 60° for 5 min. causes complete destruc- 
tion of the enzyme. At 55°, 20 min. were needed 
for complete destruction, whereas at 50° even after 
60 min. some activity was preserved. 

(б) Ultra-violet irradiation. Phosphorylase from 
rabbit muscle was irradiated by a mercury lamp at 
a distance of 50 cm. for 30 min. The temperature 
was not allowed to rise above 30°. Controls were 
maintained under the same conditions but covered 
to prevent penetration of ultra-violet light. The 
irradiation caused partial or complete inactivation 
of phosphorylase activity. 

(c) Inhibition by glucose. In confirmation of the 
results of Lehmami [1938], Gill & Lehmann [1939], 
Lehmann [1939] and of Cori & Cori [1940], glycogen 
phosphorylation "was found to be inhibited by glu- 
cose. A concentration of glucose of about 2% 
caused almost complete inhibition. On the other 
hand, in contradiction to Cori’s results, glucose in- 
hibition was foimd to be counteracted by adenylic 
acid, as is shown in Tables 6 and 7. 


Table 6. Inhibition by glucose of phosphorolysis in 
incubated muscle brei; influence of adenylic ctcid 
in counteracting this inhibitory action of glucose 



Hexose 

Observed 
inhibition 
of hexose 


phosphate 

phosphate 


formed in 

formation 


15 min. 

(% of max. 

Material added 

mg. PgOg 

possible) 

None 

2*13 

0 

Glucose (initial cone. =2%) 

0-35 

84 

Adenylic acid (3 mg./ml.) 

1-97 

0 

Adenylic acid (3 mg./ml.) plus 

1*35 

30 


glucose (initial cone. =2%) 

Na lactate, as well as ISTa pyruvate, caused only 
partial inhibition of glycogen synthesis even at con- 
centrations as high as 2 % . Adenosine- 5 -phosphoric 
acid (referred to here as adenylic acid) cannot be 
replaced by adenosine- 3-phosphoric acid as a 
counteractant of glucose inhibition. 

The discrepancy between these results and those 
of Cori is explained by the fact that Cori used lower 
concentrations of glucose. As is shown in Table 7, 
when concentrations of 0-3% glucose are used no 
influence of adenylic acid is detected. Addition of 
adenylic acid causes the reactivation of the enzyme 
only to a certain degree, so that after addition of 
adenylic acid the same activity is found with 2 % 
as with 0*3 % of glucose. 

The inhibition of phosphorylase by glucose cannot 
be explained simply by competition between glucose 
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Table 7. Inhibition by ghicose of glycogen formation 
wi muscle eluate ; influence of adenylic acid in 
counteracting this inliihitory action of glucose 





Formation Inhibition 




of glyco- 

of glyco- 


Material added 

gen from 

gen for- 


r 

^ 

added 

mation 



Adenylic 

glucose- 1- 

from 

Incuba- 

Glucose 

acid 

phosphate glucose- 1- 

tion 

(initial 

(mg. added 

{% of 

phosphate 

period 

cone. 

to 1 ml. 

theore- 

(% of max. 

(min.) 

%) 

eluate) 

tical) 

possible) 

10 

0-0 

0*0 

44 

0 


2-0 

0-0 

1 

98 

15 

0-0 

0*0 

46 

0 


2-0 

0-0 

. 7 

85 


2-0 

1-5 

30 

35 


2-0 

(1-5*) 

8 

83 


Oh 

0-0 plus 



Na lactate (initial cone. —2%) 34 

26 


0-0 

0-0 plus 



Na pyruvate (initial cone. = 2 %) 24 

48 

20 

0*0 

0-0 

53 

0 


2h 

0-0 

3 

95 

20 

0 

0 

25 

0 


0-3 

0 

15 

40 


2-0 ^ 

0 

2 

92 


0 

1-5 

53 

0 


0*3 

1-5 

35 

34 


2-0 

1-5 

35 

34 


* Adenosine-3-phosphate. 


and glucose- 1 -phosphate for the enzyme. Further 
proof for this is given by experiments with potato 
phosphorylase. This phosphorylase, like other phos- 
phoryiases from plants, is not activated by adenylic 
acid. Competition between glucose and glucose- 1- 
phosphate should exist in this system as well as in 
animal phosphorylases, and phosphorylase action 
should be inhibited. If, however, glucose inhibition 
is connected with activation by adenylic acid, no 
inhibition by glucose should be observed with 
potato enzyme. The results in Table 8 show that 
the latter alternative applies. 


Table 8. Inhibition by glucose of glycogen 
formation in eluate of potato juice 




Formation 

Inhibition 



of glycogen 

of glycogen 



from 

formation 



added 

from 

Incuba- 

Glucose 

glucose- 1- 

glucose- 1- 

tion 

added 

phosphate 

phosphate 

period 

(initial 

(% of 

(% of max. 

(min.) 

cone. %) 

theoretical) 

possible) 

15 

0*0 

43 

0 


2*0 

41 

5 

30 

Oh 

58 

0 


2h 

62 

0 


{d) Nature of polysaccharide synthesized by phos- 
phorylase. The polysaccharide synthesized by animal 
phosphorylase is generally glycogen, that synthe- 
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sized by plant phosphorylase starch. This has been 
deduced by Cori et al, [1939] and by Hanes [1940] 
from the colour given with iodine, and has since 
been confirmed by X-ray spectrum analysis [Baer 
& Cori, 1941]. An exception to this rule is consti- 
tuted by muscle phosphorylase, which acts on 
glucose- 1 -phosphate with formation of starch. We 
have been able to show that, prior to the formation 
of starch by muscle phosphorylase, a polysaccharide 
is formed which gives the yellow-pine colom’ with 
iodine typical of glycogen. This reaction cannot be 
demonstrated with fresh phosphorylase prepara- 
tions acting at room temperature because starch 
formation in this case is too quick. If, however, the 
enz;^nne preparation is left overnight in the ice-box 
before it is allowed to act on its substrate, or if 
incubation is carried out at the yellow-pine 
colour reaction can be demonstrated after 5-10 min. 
of incubation. The colour becomes increasingly 
masked by the blue iodine reaction as synthesis 
proceeds further. 

DISCUSSION 

Good agreement has been fomid between the inten- 
sity of glycogen metabolism and the phosphorylase 
and phosphoglucomutase activity of various tissues. 
This finding favours the assumption that glycogen 
metabolism in all animal tissues follows the path 
described for muscle and liver by Cori et al. [1939]. 
An imexpectedly high phosphorylase activity and 
intense glycogen metabolism is shown by subcu- 
taneous tissue. 

In rat muscle almost no phosphorjdase activity 
could be demonstrated immediately after birth. 
Muscle phosphorylase activity becomes considerable 
at the age of 14 days, when the muscles also begin 
to function normally. In brain, on the other hand, 
phosphorylase activity is already practically maxi- 
mal at birth. Nevertheless, glycogen phosphorolysis 
in brain brei at this stage is very slow. The apparent 
discrepancy was foimd to be attributable to the lack 
of active phosphoglucomutase. Wien the mutase 
activity develops to normal, 14-20 days after birth, 
glycogen phosphorolysis too w-as found to become 
normal. This development of glycogen phosphoryla- 
tion activity parallels the rise in 0^ consmiiption 
[Fazekas, Alexander & Himwieh, 1941], and in- 
creases as the phosphatatic and glycolytic activities 
decline [Cohn & Kaplan, 1941; Epelbamn & 
Skvirskaya, 1940] with advancing age. 

In poisoning with P, CCI4 or CHCI3 , tlia glycogen 
metabolism of the liver is disturbed. In severe cases 
no glycogen at all could be found in liver. This is 
correlated with a marked fail in phosphorolytic 
capacity, apparently due to a decrease in the activity 
of phosphoglucomutase. The phosphorylase activity 
of liver in such cases is almost normal. 
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STOiMARY 

1 . A modified method for the preparation of 
phosphoryias© fey adsorption on Al(OH )3 is de- 
scribed. By this method, phosphorylase can be 
demonstrated in all animal tissues. 

2. The phosphorylase activity and the intensity 
of the glycogen metabolism of a tissue are shown to 
be positively correlated. The same is true also of 
the phosphorolytic breakdown of glycogen. 

3. Subcutaneous tissue possesses a highly active 
phosphorylase, and metabolizes glycogen at a high 
rate. 

4. Phosphorylase is not foimd in the muscles of 
rats less than 10 days of age. In 14-day-old rats 
the enzyme is already comparatively active. 

5. Brain tissue from new-born rats shows 60 % 
of the phosphorylase activity of the adult brain. 
Phosphoglucomutase in new-born rat brain, how- 
ever, was either inactive or absent. This enzyme is 
the limiting factor in glycogen phosphorolysis up 
to 14-20 days after birth, after which time its 
activity approaches that found in the adult brain. 

6. In intoxication by phosphorus, carbon tetra- 


chloride, and chloroform, liver phosphoglucomutase 
is inactivated, but phosphorylase activity is almost 
normal. 

7. In adrenalectomized as well as in thyroid- 
ectomized rats no decrease in glycogen phosphoro- 
lysis by muscle could be demonstrated, 

8. Some properties of the phosphorylase of 
muscle have been studied : on irradiation with 
ultra-violet light, or on heating to 55° for 20 min., 
complete destruction of the enz^^une occurred. 
Adenylic acid diminished the inhibition caused by 
glucose in 2 % concentration. With 0*3 % glucose no 
lessening of inhibition was found vrhen adenylic 
acid was added. With potato phosphorylase no 
inhibition of glycogen synthesis by 2% glucose 
was found. 

9 . If synthesis by muscle phosphorylase is slowed 
down by low temperature or by ageing of the 
enzyme preparation, an iodine colour reaction such 
as is given by glycogen can be observed after 
5-10 min. of synthesis. 

We are indebted to Prof. Halberstaedter of the Cancer 
Institute of the Hebrew University for the supplyof tumour. 
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The Chemical Behaviour of Dehydro-l-ascorbic Acid in vitro and in vivo 


By J. R. PENNEY AND S. S. ZILYA (Member of the Scientific Staff, Medical Research Council), 
From the Division of Nutrition, Lister Imtitute, London 

{Received 29 March 1943) 


It is reasonable to assume that the function of 
^-ascorbic* acid in the metabolism of the animal or- 
ganism is that of a link in a co-ordinated chain of 
reactions. It might therefore be expected that, 
since ascorbic acid and dehydro -Z-ascorbie acid 
constitute under certain conditions a thermodyna- 
mically reversible oxidation -reduction system, de- 
hydroascorbic acid w'ould become a component of 


these co-ordinated reactions, although under pre- 
vailing conditions it may be present in too small 
quantities to be detected by the available teclinique. 
With this hypothesis in view one of us started some 
years ago an investigation on the behaviour of 
dehydroascorbic acid in the guinea-pig. It was then 
found that whilst ascorbic acid could be almost 
completely recovered from the organs and tissues 
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of the guinea-pig soon after injection, this was not 
the case when deliydroaseorbic acid was used. It 
was therefore assumed that when deliydroaseorbic 
acid (II) was present in the organism in large quan- 
tities a part of it was reduced in the body to ascorbic 
acid (I) but considerable c|uantities were at the same 
time converted irreversibl^^into 2;3-diketo-Z-gulonic 


acid (III). 

— 
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Before this could be demonstrated experimentally 
it was necessary to accpiire further information on 
the subject. First, a direct method for estimating 
diketogulonic acid in small quantities in animal 
tisvsues had to be devised: In the second place, the 
chemistry of the conversion of dehydroascorbic acid 
had to be studied in greater detail than hitherto in 
order to be able to interpret correctly results ob- 
tained in vivo. The former has since been accom- 
plished [Penney & Zilva, 1943]. The latter investiga- 
tion is reported here. This communication is divided 
into thi’ee sections, one dealing with the purely 
chemical aspect of the problem performed in vitro, 
the second with the behaviour of dehydroascorbic 
acid and diketogulonic acid in vivo, and the third 
consisting of a general discussion of the results de- 
scribed in the first two sections. 

The conversion of dehydroascorbic acid to diketo- 
' gulonic acid was first postulated by Herbert, Hirst, 
Percival, Reynolds & Smith [1933] who observed 
that dehydroascorbic acid mutarotated in acid solu- 
tion. For convenience we therefore often employ 
the expression mutarotation for the change of de- 
hydroascorbic acid into diketogulonic acid, although 
the conversion was not measured by us polari- 
metricaliy. 

I. BXPEIilMENTS IN VITRO 

Since this investigation pivots on the colorimetric 
determination of diketogulonic acid [Penney & 
Zilva, 1943] it was essential to elucidate as far as 
possible the chemical nature of the reactions in- 
volved. This estimation consists of two distinct 
phases, namely, the formation of the 2:4-dinitro- 
phenylhydrazine derivative and the subsequent 
production of a red coloration on addition of alkali. 
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The colour forms the .ultimate criterion for the 
assessment of diketogulonic acid. 

Solutions of dehydroascorbic and diketogiilonie 
acids were prepared as described [Pemiey & Zilva, 
1943]. To 250 ml. solutions containing 100 mg. of 
each of these compounds and of ascorbic acid, 
three equivalents of 2:4-dinitrophenylhydraziiie in 
100 ml. 2 N HCl were added. After 5 days at 40*^ 
the bulky red precipitates were filtered off, washed 
with dilute HCl and water and dried in vacuo over 
H 2 SO 4 . Table 1 gives the crude yields of the pre- 
parations and their melting points after reerystaiii- 
zation from acetone-ethanol. The mixed m.p. was 

Table 1. Crude yields and m,p, of 
2:4-dinitro2:^henylhyd/razine derivatives 
Crude yield m.p. 

Derivative from % of theory corrected 
Ascorbic acid , 80 279° decomp. 

Dehydroascorbic acid 85 280° „ 

Diketogulonic acid 70 281° „ 

unchanged. These melting points agree well with 
those obtained by Herbert et al, [1933] for ascorbic 
and dehydroascorbic acid derivatives (282° and 280? 
deeomp. respectively), and by Driimni, Scarborough 
& Stewart [1937] for the dehydroascorbic acid de- 
rivative (280°). Roe [1937], on the. other hand, 
found that the dehydroascorbic acid derivative 
melted at 257-259° decomp. This worker apparently 
did not recrystallize his product, which might 
explain the lower m.p. The m.p. of the diketogulonic 
acid derivative obtained by us was the same as 
those of the ascorbic and dehydi’oaseorbic acid 
derivatives. 

The N content of the diketogulonic acid deriva- 
tive (Weiler) was 20*8% (calculated for osazone 
21 - 0 %), which is also in good agreement with those 
obtained by the above workers for the ascorbic and 
dehydroascorbic acid derivatives. 

Small quantities of each of the derivatives in 
50 % acetone-ethanol were passed through a colimin 
of active alumina (Savory & Moore). In each case 
the adsorption was similar, a purple zone being 
obtained at the top of the coimnn which could not 
be eluted with acetone, but was easily removed 
with acetic acid. No chromatographic separation 
could be obtained from a mixture of the three 
derivatives. 

In vie-w of the above results, little doubt remains 
that the same dinitrophenylhydrazine derivative is 
obtained from each of the three compounds. In- 
direct evidence further points to tlie fact that in 
this reaction, ascorbic acid is first oxidized to de- 
hydroascorbic acid which is converted to diketo- 
gulonic acid by the opening of the lactone ring. That 
ascorbic acid is first oxidized to dehydroascorbic 
acid is shown by the fact that more than two equi- 
valents of the dinitrophen^dhydrazine are required 
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to obtain the maximum yield. Furthermore, as will 
be sha^m later, at the pH. of the reaction mixture 
the miitarotation of dehydroascorbic acid is accele- 
rated. Ail this evidence suggests that the dinitro- 
phenylliydrazine ultimately condenses with diketo- 
guionic acid in the case of all the three compounds, 
in support of which we found that when the H+ 
concentration of the reacting solution was increased, 
the rate of the reaction as measured by the coloid- 
metric method also increased (Table 2) as a con- 
sequence of the more rapid formation of diketo- 
gulonic acid. 

Table 2. Colour jDroduced by dehydroascoi'hic acid 
in the presence of 0*2 IST and 0*04 N HCl at 38°, 
recorded as recipT'ocal colorimeter readings 


HCl Reciprocal colorimetric reading after 

cone. ^ 


N 

60 

90 

120 

180 

270 min. 

0-2 

0-0145 

0-024 

0-0325 

0-0435 

0-068 

0-04 

0-010 

0-017 

0-025 

0-0325 

0-0545 


In another experiment the disappearance of de- 
hydroascorbic acid was determined in the total 
absence of, and in the presence of, an excess of 
dinitrophenylhydrazine under the same conditions, 
i.e. in 0*4 N HCl at 38°. The solutions were with- 
drawn after various periods, cooled, and a slight 
excess of furfuraldehyde added to remove the re- 
maining dinitrophenylhydrazine. Precipitation of 
this furfuraldehyde derivative was complete in 
5 min. KHCO3 was then added to neutralize 
partially the acid present and the final pH adjusted 
to 3*5 by the addition of Mcllvaine’s phosphate- 
citrate buffer. After filtration, the dehydroascorbic 
acid was determined in both cases by treatment 
with HgS and subsequent titration with indophenol. 
The presence of furfuraldehyde in these experiments 
did not interfere with the determination of dehydro- 
ascorbic acid. The results are given in Table 3; it 

Table 3. Recovery of dehydroascorbic acid after 
miitarotation in the presence and in the absence 
of 2:4-dinitro2:)henylhydrazine at 38°. HCl cone. 

” ^ ^ ^ Dehydroascorbic acid 

found (%) after 



30 

60 

90 

120 

150 

180 min. 

Dinitrophenyl- 
hydrazine present 

80 

64 

53 

44 

41 

32 

Dinitrophenyl- ' • 
hydrazine absent 

80 

65 

55 

46 

40 

34 

will be seen that the quantity of dehydroascorbic 


acid remaining in each case was the same within the 
limits of the experimental error, thus demonstrating 
that dinitropherLylhydrazine does not react with 
dehydroascorbic acid directly. The necessity for 
converting ascorbic acid and dehydroascorbic acid 


to diketogulonic acid before the reaction can take 
place accounts for the differential rate of the forma- 
tion of the diketogulonic acid derivative, and there- 
fore affords the possibility of determining quantita- 
tively diketogulonic acid in the presence of the 
other two compounds mider suitable conditions. 

The evidence obtained concerning the mechanism 
of the formation of the deep red coloration on the 
addition of alkali to the dinitrophenylhydrazme 
derivative of diketogulonic acid was less instructive. 
Although the dinitrophen^dhydrazine derivative of 
diketogulonic acid was soluble in NaOH, it was 
insoluble in KHCO3 and NagCOg . A compomid or 
a mixture of compounds melting about 85° could be 
obtained from the IsTaOH solution by acidification. 
This product, unlike the original dinitrophenyl- 
hydrazine derivative, was soluble in ISTagCOg and 
KHCO3 solutions. The solution of the precipitated 
compound turned from yellow to deep red at 
pH 9-5-10-5. It is of interest to note that the 
dinitrophenylhydi*azone of pyruvic acid similarly 
changes its coloru over this range, which suggests 
the presence of a carboxylic group in the compound. 

The fact that the dinitrophenylhydrazine deriva- 
tive of diketogulonic acid did not react with KHCO3 
or ISTaaCOg suggests the absence of a COOH group, 
and from this it may be concluded that the deri- 
vative possesses either a lactone or pyrazolone 
structure. Ohle & Bockmann’s work [1934] on the 
reaction of araboascorbic acid with phenyihydrazine 
favoxlrs the former view. They found that in the 
presence of HCl both the open chain (IV) and the 
lactone (V) forms are present and that on simple 
recrystalhzation the former readily lactonizes. 

COOH CO-—- — ^ 

i^N.NHPh i=N.NHPli 

I I 6 

C=N . NHPh C=N . NHPh 

H— (!:— OH H— (!;■ 

H— (L-OH h— oh 

I I 

CHjOH CHjOH 

IV V 

It is quite likely that under the experimental con- 
ditions prevailing in the colorimetric determination 
of diketogulonic acid the corresponding open-chain 
compomid (IV) is formed, which tends to lactonize 
in time or on crystallization. It is therefore the open- 
chain compomid which in* all probability reacts with 
NaOH to form the characteristic red colour. 

Mutarotation of dehydroascorbic acid 
under different conditions 

Before investigating whether any conversion of 
dehydroascorbic acid takes place in vivo it was 
necessary to study in detail the mutarotation of 
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this substance under different c3onditioiis so as to 
be able to interpret the results of metabolic experi- 
ments. 

Miitarotation in add medium at It was ob- 
viously of importance to ascertain the influence of 
concentrations of dehydroascorbic acid on its xate 
of mutarotation since it could not be assumed that 
the kinetics of the conversion to diketogulonic acid 
conformed to that of a reaction of the first order. 
By following colorimetrically the rate of muta- 
rotatioii of three concentrations of dehydroascorbic 
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of HCl. In this experiment, 15 ml. HCl, of a con- 
centration necessary to give the final normalities 
recorded in Fig. 2, were introduced into each of a 
series of tubes kept in a water-bath at 25''. De- 
hydroascorhic acid solutions (100 ml.) were prepared 
by the oxidation of ascorbic acid (100 mg.) with Ig. 
The temperatui*© of the dehydroascorbic acid solu- 
tion was. rapidly adjusted to 25° and 5 ml. then 
added to each tube. At given times, tubes were 
withdrawn, 2N KHCO3 added to adjust the pH of 
the contents to 2 and the final volume made up to 



Fig. 1. Influence of initial concentration of dehydroascorbic acid on the rate of diketogulonic acid formation 
at 25® in the presence of HI produced during the oxidation of ascorbic acid with Ig. x — x 50 mg./lOO nil. 
^ 200 mg./lOO ml. 0' — 0 Ig./lOOml. 


Fig. 2. Influence of hydrogen-ion concentration on the rate of mutarotation of dehydroascorbic acid at 25®, 
HCL A"”A In 0*5 N HCl. ,V"™V In 0*2 N HCL x — x In 0-1 N HCL 


© — 0 In 


acid, i.e. 50, 200 and 1000 mg./ 100 ml., it was 
observed that the velocity of conversion (%) was 
increased with increase of the concentration (Fig. 1). 
Further experiments, however, showed that this 
increase was not due to the increase in concentration 
of the dehydroascorbic acid but to the increase in 
the H+ concentration -of the medium, since the 
dehydroascorbic acid used in these experiments was 
prepared by oxidation of ascorbic acid with Ig . This 
reaction produces HI, the concentration of which 
would rise as higher concentrations of ascorbic acid 
were employed* That the rate of mutarotation is 
actually accelerated by a rise in the H+ concentra- 
tion of the medium is seen from Fig. 2 which shows 
the effect of the addition of various concentrations 


50 ml. Diketogulonic acid was then determined 
directly by the colorimetric method, and indirectly 
by reduction of the residual dehydroascorbic acid 
with HgS. When Gig was used as the oxidizing 
agent instead of Ig, identical results were obtained. 

Further confirmation that the rate of conversion 
(%) is influenced by H+ concentration was obtained 
in an experiment in which ascorbic acid was oxidized 
with Ig or with KIO3 • former case the niuta- 

rotation was followed, with and without neutralizing 
the HI produced, whilst in the second case HCi 
equivalent to the HI produced by an equal quantity 
of ascorbic acid oxidized with Ig was added to one 
of the neutral solutions of dehydroascorbic acid. It 
will be seen from Fig. 3 that the rate of conversion 
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{ %) ill each case was higher in acid solution than in 
neutral and was independent of the method of 
preparation. : ' 



Fig. 3. Oxidizing agent h. Oxidizing agent 

KI 03 .“ 

The results in Table 4 show conclusively that the 
rate of conversion (%) of dehydroascorbic acid to 
diketogulonic acid is independent of concentration 
at a given H+ concentration. This being so it would 

Table 4. Effect of initial concentration of dehydro- 
ascorbic acid on the mutarotation at 25^ 


Initial cone. 


Diketogulonic acid (%) 

of dehydro- 

HGl 


found after (hr.) 


ascorbio acid 

cone. 

"lo 

A 


mg. /1 00 ml. 

N 

49 

73 

50 

0*011 

58 

79 

84 

100 


56 

77 

87 

250 


58 

78 

85 

750 


58 

79 

85 



2 

3 

4 

25 

1*0 

48 

63 

72 

100 


50 

66 

74 

200 


50 

65 

76 


■ be expected that the mutarotation should proceed 
as a reaction of the first order. By calculating all 
the results of this section according to the formula 

I ■ 2-3 log al(a — x) 



t 

(a = initial concentration of dehydroascorbic acid; 
ur = decrease in concentration after time t; & = velo- 
city constant), it was found that for a given H+ 
concentration the values of k were constant. The 
average values were: in N HCl, & = 0*0053 min."^; 
in 0*5 N HCl, A: = 0*0031 min."i; in 0*2 N HCl, 
^ = 0*0015 min.“^; in 0*1 JV HCl, A ; = 0*0010 min.“h 
Since the conversion depends on the H+ concen- 
tration the reaction is pseudo-unimolecular. It may 
also be added that so far the calibration used for 
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the above determinations is based on the supposi- 
tion that the conversion of dehydroascorbic acid 
to diketogulonic acid w^as complete. If, however, 
equilibrium is reached as described by Herbert et al. 
[1933] the above figures will represent the sum of 
the velocity constants of the direct and reverse 
reactions. 

The action of on diketogulonic acid solutions. 
When the mutarotation of dehydroascorbic acid 
reaches completion, treatment of the resulting 
solution with HgS yields an amount of ascorbic acid 
corresponding to about 10 % of the original content 
of dehydroascorbic acid. Herbert et at. [1933] sug- 
gested that this is due to an equilibrium between 
diketogulonic acid and dehydroascorbic acid. This 
hypothesis has been questioned by Borsook, Daven- 
port, Jeffreys & Warner [1937] who found that by 
reducing a mutarotated solution of dehydroascorbic 
acid with glutathione at pH 7 reconversion of the 
dilvetoguioriic acid did not take place as would have 
been expected in true equilibrium solution. 

It was of interest to follow the mutarotation of 
a dehydroascorbic acid solution by determining the 
diketogulonic acid formed dhectly, by means of the 
colorimetric method and at the same time indirectly 
by difference after reducing the mutarotating solu- 
tion with HgS (on the assumption that the subse- 
quent indophenol reduction was due to the forma- 
tion of ascorbic acid from the dehydroascorbic acid 
of the mutarotating solution). Fig. 4 gives a graphic 



Fig. 4. The course of the mutarotation of dehydroascorbic 
acid at 25° as determined by the colorimetric and indirect 

HgS reduction methods. ® 0 Colorimetric method. 

^ ^ Indirect H^S reduction method. 

representation of an experiment in which the de- 
hydroascorbic acid present (100 mg. /ml.) was ob- 
tained by oxidation of a solution of ascorbic acid 
with Ig . The difference between the results obtained 
by the two methods up to about 70 % conversion 
falls within the limits of the experimental error. 


26 
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After this a deviation eventually reaching a differ- 
ence of about 10% was noted. This difference was 
to be expected, since, in the colorimetric determina- 
tion, it was assumed that the conversion into 
diketoguloiiic acid was complete. An observation 
was, however, made in the course of this experiment 
which suggests that the change produced by HgS in 
a mutarotated solution is rather more complex than 
might at fii'st be expected. When diketogulonic acid 
was determined, colorimetrically in the mutarotated 
solution after treatment a very low value, 

about 20 % of that expected, was obtained. Appa- 
rently some chemical change in the diketogulonic 
acid had occurred on treatment with HgS. The 
conversion of diketogulonic acid (III) to a tauto- 
meric form (VI) of 2-keto-Z-gulonic acid (VII), a 
compound capable of conversion into ascorbic acid 
[Reichsteiii & Griissner, 1934], is one of the changes 
that can be visualized. 


COOH 

ioH 


COOH 

k 


=0 


COH 

nioH 

Hoin 

(IjHsOH 

VI 


HOCH 

HCJOH 

HO^H 


CHaOH 

VII 


It will be seen from Fig. 5 that the rate of muta- 
rotation as measured colorimetrically was markedly 
accelerated by an increase in pH. Whilst at pH 7*4 
the maximum conversion of about 80% was at- 
tained in less than 15 min., only 30% conversion 
was recorded after 300 min. at pH 4. It may be 



If this scheme be correct the presence of 10% 
dehydi'oascorbic acid in equilibrium with 90% 
diketogulonic acid need not therefore be postulated, 
and consequently the quantity of dilcetogulonic acid 
determined by the colour reaction may indeed indi- 
cate a 100 % conversion. Whatever be the case the 
colorimetric method is applicable to the experi- 
ments to be described later, since mutarotated 
solutions which attained ‘equilibrium’ were em- 
ployed in the calibration. 

Influence of pH on th e mutarotation of dehydro - 
ascorbic acid at 38°, It has already been shown that 
the concentration of acid in the medium influenced 
the rate of mutarotation. In the present experi- 
ments the mutarotation of dehydroascorbic acid 
w^as studied at higher pH values. The ascorbic acid 
was oxidized with Ig and the solution was brought 
to 38° as rapidly as possible. 5 ml. dehydfoaseorbic 
acid solution were then added to each of a series of 
tubes containing 10 ml. Mcllvaine’s phosphate- 
citrate buffer and 20 ml. HgO also at 38°. All buffer 
salts used in these experiments w^re recrystallized 
twice from glass -distilled water. For the determina- 
tion of diketogulonic acid colorimetrically as well 
as indirectly by HgS reduction, the tubes were re- 
moved at various intervals, cooled, and the contents 
transferred to a 50 ml. graduated flask, adjusted to 
pH 2 by addition of HCl, and made up to volume. 


Fig. 5. The influence of pH on the rate of mutarotation 
of dehydroascorbic acid at 38°. , 


mentioned that at pH 4 or 5 the figures obtained 
by the two methods were almost identical, as would 
. be expected from our previous observations (Fig. 4), 
since not more than 50% of the dehydroascorbic 
acid had been converted. It is also of interest to 
note that wiiilst at pH 4 and at pH 5 the mutarota- 
tion proceeds normally as a reaction of the fii*st 
order, this is not true at pH 6*1. Above pH 6 it 
was fomid 4hat diketogulonic acid began to de- 
compose, the rate of disappearance increasing with 
increasmg pH. The observation that maximum 
conversion of only 80 % could be obtained at pH 
values greater than 6 could to some extent be 
explained by the decomposition of the diketogulonic 
acid. Borsook etal. [1937], employing electrometric 
methods at 35*5°, concluded that at pH 4*0-"5-75 
the mutarotation was a reaction of the first order, 
but at pH 6*43 the results obtained were too com- 
plicated for interpretation. This, as in our experi- 
ments, may have been due to the disappearance of 
diketogulonic acid at the latter pH. Ball [1937], 
using an electrometric technique which promoted 
the rapid establishment of the electrode potential, 
found the reaction at 30° to be of the first order 
between the pH values of 5*188 and 8*566. These 
results do not appear to agree completely with 
those obtained in our experiments and tliose of 
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Borsook et al . ; since Bail used a technique involving 
rapid adjustment of electrode potential, a com- 
parison is not strictly justified. 

The discrepancy between the figures obtained by 
the colorimetric method and by indirect HgS re- 
duction at pH 7*4 in Mcllvaine buffer is shown in 
Fig. 6. It will be seen that when the diketogulonic 



Fig. 6, The course of the mutarotation of dehydroascorbic 
acid at pH 7*4 (Mcllvaine’s phosphate- citrate buffer) and 
at 38^. 0 — — 0 Diketogulonic acid as determined 

colorimetrically. A A Diketogulonic acid as deter- 
mined indirectly by HgS reduction. V V Indophenol- 

reducing capacity before HaS reduction, x x Di- 

ketogulonic acid as determined indirectly by HgS 
reduction after correcting for initial indophenol-redueing 
capacity. ^ 

apid was determined directly a maximum value of 
aboixt 80 % was obtained in less than 15 min., after 
which time the dil^etogulonic acid content began to 
decrease, attaining a value of about 25% after 
300 min. The indirect method of determining 
diketogulonic acid at this pH failed completely. 
Under these conditions the production of a sub- 
stance which reduced indophenol without treat- 
ment with HgS was observed. The reducing power 
gradually increased and eventually attained a 
maximum value. After treatment with HgS the 
indophenol-redueing capacity was only slightly 
increased as will be seen from Fig. 6, in which 
values corrected for the initial reducing capacity 
are represented by an interrupted line. 

That the rate of mutarotation at pH 4, 5 and 6 
was affected by the pH of the solution per se and 
not by the constituents of the buffers, was indicated 
by the fact that identical results were obtained 


when phthalate buffer was used instead of Mcllvaine 
phosphate-citrate buffer. At pH 7*4, when phos- 
phate-NaOH buffer was used, the conversion of 



Fig. 7. The course of the mutarotation of dehydroascorbic 
acid at pH 7-4 (phosj)hate-]SraOH buffer) and at 38°. 
Symbols as in Fig. 6. 



Fig. 8. Influence of borate buffer on the mutarotation of 
dehydroascorbic acid at pH 7-4 and at 38°. Symbols as 
in Fig. 6. 

dehydroascorbic acid into diketogulonic acid and 
the initial decomposition of the latter proceeded as 
in the presence of Mcllvaine buffer. After about 
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150. min. 5 iiowever, when the value recorded for 
diketogiiloiiic acid was 50%, the reaction became 
umeliabie as the colour characteristic of diketo- 
giiloiiic acid was no longer obtained (Fig. 7). The 
production of an mdopheiiol-reducmg substance 
was also observed when this buffer was used, the 
indophenol-reducing capacity again being only 
slighti^r increased after HgS treatment. In the 
presence of borate buffer (pH 7*4), almost complete 
conversion to diketogulonic acid occurred, and good 
agreement was foimd betw^een results obtained by 
the direct colorimetric method and the indirect HgS 
“ reduction method (Fig. 8). The resulting diketo- 
gulonic acid was relatively stable and no indophenol- 
reducing substance was formed from the muta- 
""rotating solution. It is of interest to note that 
diketogulonic acid solution, wdien added to borate 
buffer at pH 7-4, did not decompose. Since borate is 
known to combine with polyhydroxy compounds, it 
might be expected to have a stabilizing effect on 
the diketogulonic acid. 


equivalent of 2*5 mg. ascorbic acid was placed in 
each sto|)per. The tubes were then evacuated, 
washed with Og-free nitrogen, re-evacuated and the 
contents mixed after they had attained the tem- 
perature of the bath. After various intervals the 
pH was adjusted to 2 and the diketogulonic acid 
determined by the colorimetric method as well as 
by the indirect HgS reduction method. 

A control experiment was carried out in air, Tlie 
results are graphically represented in Fig. 9. It is 
seen at once that the course of the conversion of the 
dehydroascorbic acid into diketogulonic acid as 
measured eolorimetrically was the same in both 
cases. Fiu-thermore, the subsequent change in the 
diketogulonic acid formed in both experiments was 
similar to that already observed. On the other 
hand, the indophenol-reducing capacity of the 
mutarotated solution before and after HgS treat- 
ment wdien carried out in the absence of air differed 
significantly from that observed mider aerobic 
conditions. No indophenol-reducing substance was 




Fig. 9. The influence of Og on the mutarotation of dehydroascorbic acid at pH 7*4 (Mcllvaine’s phosphate- citrate buffer) 

and at 38°. Symbols as in Fig. 6. 


Mutarotation of dehydroascorbic acid at pi? 7-i in 
the presence and absence of dir. The mutarotation of 
dehydroascorbic acid at pH 7*4 in the absence of air 
was determined in a series of evacuated modified 
Thunberg tubes maintained at 38°. The dehydro- 
ascorbic acid was prepared by oxidizing a solution 
of ascorbic acid in oxygen-free water with Ig and 
neutralizing the HI formed with NaOH. Mcllvaine’s 
buffer was also prepared in oxygen -free HgO and 
was adjusted to pH 7*4 eleetrometrically. 5 ml. 
buffer was introduced into each of the tubes and 
1 ml. dehydroascorbic acid solution containing an 


produced during the course of the anaerobic experi- 
ment, and after treatment with HgS the indophenoi 
titration was very low. This latter reduction was of 
the same order as the increase found after HgS 
treatment when mutarotation was allowed to pro- 
ceed in the presence of air. This observation offers 
further evidence concerning the unreliability of 
determining diketogulonic acid indirectly by HgS 
reduction. 

Effect of temperature on the mutarotation of de- 
hydroascorbiG ac^*d. The mutarotation of dehydro- 
ascorbic acid in the presence of HI formed by the 
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oxidation of ascorbic acid by Ig (100 mg./lOO mi.) mutarotate for 14 days at room temperature. After 
was studied colorimetrically at 25 and 38°. The this time the conversion of dehydroascorbic acid to 
conversion, as would be expected, proceeded at a diketogulonic acid, as assessed colorimetrically and 
higher , rate at 38° than at 25° (Fig. 10)-. by reduction, was complete. This solution was 




Fig. 10. Fig. 11. 

Fig. 10. Influence of temperature on the rate of mutarotation of dehydroascorbic acid in the 

presence of 0*011 xV HI. 


Fig. 11. Influence of temperature on the rate of mutarotation of dehydroascorbic acid in N HGI. 


In addition, the production of diketogulonic acid 
was determined in N HCl at 10, 20, 25, SO and 35°. 
The results when substituted in the formula of a 
reaction of the first order gave a constant for each 
temperatme. In Fig. 11 log^ is plotted against 
l/T according to the usual integrated form of the 
Arrhenius equation, and it will be seen that a linear 
relationship exists. The temperature coefficient 
calculated from the above data is 2-2. 

II. EXPERIMENTS TA FIFO 

The biological experiments consisted of the deter- 
mination of ascorbic acid, dehydroascorbic acid and 
diketogulonic acid in the tissues, in the contents of 
the digestive tract and in the urine at various 
intervals after the administration of the last two 
compounds 3per os or parenterally to guinea-pigs 
weighing 300-350 g. 

The dehydroascorbic acid employed in these ex- 
periments was prepared immediately before ad- 
ministration by the oxidation of ascorbic acid with 
the theoretical quantity of KlOg. Diketogulonic 
acid was obtained by allowing a solution of de- 
hydroascorbic acid, adjusted to pH 2 with HCl, to 


partially neutralized with NaOH immediately before 
use. Equivalents of 120 mg. ascorbic acid contained 
in approximately 4 ml. were used in each experi- 
ment. As the volume of the dose was high it was 
foxmd convenient, when injecting, to introduce 
equal parts successively into each of the femoral 
and biceps muscles of the animals. All the guinea- 
pigs used in this investigation were previously kept 
for 5 days on a scorbutic diet to ensme depletion 
of ascorbic acid in their tissues, so that any forma- 
tion of ascorbic acid hfter the administration of 
dehydroascorbic acid or diketogulonic acid could 
be detected. After administration of the dose, the 
animals were placed in metabolism cages for 15, 30 
or 60 min., so that any urine voided could be 
collected for analysis. The animals were then killed 
after the appropriate time by stmming and bleeding, 
the blood being collected in oxalate. The tissues 
and the contents of the intestinal tract were then 
prepared for analysis as follows. The plasma ob- 
tained after centrifuging the blood was precipitated 
with an equal volume of 10% GClg.GOOH. The 
contents of the stomach and intestines were ob- 
tained by ligaturing the digestive tract at tlie appro- 
priate places, removing the contents by wushing 
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'out with water, making up to a given volume, and 
finally extracting with an equal volume of 10% 
CCI3.COOH. The stomach and intestinal tissues, 
after drying between filter paper, and also the 
kidneys and. liver were extracted with two parts by 
weight of 10 % CCI3 . COOH. Urine, if present, was 
removed from the bladder by means of a Pasteur 
pipette and, if necessary, added to that passed 
before death. The body was then skinned and the 
‘ carcass ’ was prepared for analysis as described by 
Zilva [1935]. After removal of the hair, the skin 
was minced thoroughly and a sample was extracted 
with two parts by weight of 10% CCI3.COOH. 
Ascorbic acid and dehydroascorbic acid were then 
determined by titration with indophenol, the former 
before, and the latter after, HgS treatment. Diketo- 
giilonic acid was assessed by a modified form of the 
colorimetric method already described by us 
[Penney & Zilva, 1943]. We found that the sensi- 
tivity of the original method could be increased by 
partial neutralization of the acid present in the test 
solution immediately after the addition of the di- 


nitrophenylhydrazine reagent. A calibration curve 
was therefore constructed for this purpose by adding 
0-7 rnl. 2A^ KHCO3 to the standard after the addi- 
tion of 1 ml. dinitrophenylliydrazine. The test solu- 
tions were treated similarly, allowing for the presence 
of the CCI3 . COOH acid in the extracts. The standard 
error of percentage deviation of this modified 
method was 10 % . This modification was not neces- 
sary in the case of urine and plasma because in 
these instances higher values were under considera- 
tion. The solutions obtained in the determination 
of diketogulonic acid in the ‘carcass’ were tmbid; 
a blank reading was obtained immediately after the 
addition of the dinitrophenylliydrazine reagent to 
the extract and subsequent treatment with alkali, 
and used as a correction to the final reading. 

The average quantities of ascorbic acid, dehydro- 
ascorbic acid and diketogulonic acid present in the 
tissues, stomach and intestinal contents and urine 
15, 30 and 60 min. after the administration of 
dehydroascorbic acid or diketogulonic acid per os 
or by injection are given in Tables 5-8, together 


Table 5. EJfect of injection of 120 mg. dehydroascorbic acid mto the guinea-pig 

Quantity found 


Stomach 


Small 

intestine 


Large 

intestine 


After 

min. 


Total 

mg. 

A 

mg./g. 

Kidney Tissue 
mg. mg. 

Con- Con- 

tents Tissue tents 
mg. mg. mg. 

Tissue 

mg. 

Con- 

tents 

mg. 

‘Car- 

cass’ 

mg. 

Skm 

mg. 

in 

urine 

mg. 

Plasma 
mg. /ml. 

Total 

mg. 

15 

Mean 

11-4 

0*91 

0*99 

0*35 

Ascorbic acid 
0*0 2*2 0*1 

1*3 

0*0 

12-6 

4*2 

0*0 

0*05 

33*8 


S.D.* 

M 

0*1 

0*08 

0*1 

0*0 0*0 0*1 

0*1 

0*0 

3*1 

1*0 

0-0 

0*01 

5-1 


Mean 

0-1 

0*01 

0*05 

0*01 

Dehydroascorbic acid 

0-0 0-0 00 0-0 

0*2 

8*9 

1*7 

0-2 

0*0 

11-1 


s.u. 

Od 

0*01 

0*05 

0*01 

0*0 0*0 0*0 

0*0 

0*3 

2*3 

1*0 

0-1 

0*0 

3-6 


Mean 

2-6 

0*20 

0-99 

0-45 

Diketogulonic acid 
1*0 1*7 1*1 

1*7 

4*8 

21*2 

12*7 

1-0 

0*36 

54*6 


S.D. 

0-5 

0*03 

0*07 

0*18 

0*3 0*8 0*2 

0*4 

2*3 

4*7 

1*0 

0*5 

0*05 

6-7 

30 

Mean 

14-8 

1*16 

1*09 

0*36 

Ascorbic acid 
0*0 2*4 0*5 

1*4 

1*0 

9*6 

3*7 

0-1 

0*06 

35*8 


S.D. 

1-1 

0*07 

0*35 

0*06 

0*0 0*3 0*1 

0*1 

0*9 

17 

M 

0*1 

0*02 

2*3 


■ Mean 

0-2 

0-01 

0-00 

0*04 

Dehydroascorbic acid 

0*0 0*0 0*1 0*0 

0*0 

4*6 

0*3 

0-6 

0*00 

5*8 


S.D. 

0-3 

0*01 

0 00 

0*02 

0*0 0*0 0*1 

0*0 

0*0 

0*9 

0*3 

0-4 

0-00 

0*8 


Mean 

3-3 

0-26 

1*05 

0*46 

Diketogulonic acid 
0*6 1*1 0*9 

1*5 

5*9 

17*5 

10*6 

3*2 

0*29 

50*4... 


S.D, 

0-5 

0-06 

0*16 

0*11 

0*2 0*3 0*4 

0*3 

0*8 

5*6 

1*0 

1*6 

0*01 

, 6*2 , 

60 

Mean 

14-9 

MO 

0*99 

0*41 

Ascorbic acid 

0*1 3*3 0*6 

1*5 

0*7 

10*8 

4-2 

0*6 

0*07 

35*9 


S.D. * 

1*8 

0*11 

0*09 

0*04 

0-1 0*2 0*3 

0*2 

0*7 

2*3 

— 

0*6 

0*02 

3*2 


Mean 

0*0 

0*00 

0*00 

0*02 

Dehydroascorbic acid 

0*0 0*0 0*1 0*0 

0*7 

1*4 

0-6 

0*8 

0*00 

3*0 ■ 


S.D. 

0*0 

0*00 

0*00 

0*02 

0-0 0*0 0*1 

0*0 

0*7 

2*5 

— 

0*5 

0-00 

2*2 


Mean 

3-4 

0*25 

0*88 

0*37 

Diketogulonic acid 
0*5 M M 

1*4 

5*0 

12*7 

16-8 

9*1 

0*17 

42*5 ' 


S.D. 

1-0 

0*09 

0*01 

0*10 

0*1 0*1 0*0 

0*3 

0*9 

8-0 

— 

6*6 

0*01 

11*0 


In this and in the following tables, it was assumed that the total volume of plasma from eadh guinea-pig was 15 mi. 

* Standard deviation. 


Table 6. Effect of oral administration of 120 mg, deliydroascorbic acid to the guinea-pig 

Quantity found 

: ^ A — ^ 

Small Large 


After 

min. 


Liver 

A 

Total 

mg. mg./g. 

Stomach intestine intestine 

A A A 

r' \ 

Con- Con- Con- 

Kidney Tissue tents Tissue tents Tissue tents 
mg. mg. mg. mg. mg. mg. mg. 

‘ Car- 
cass ’ 
mg. 

Skin 

mg. 

Ex- 

creted 

in 

urine 

mg. 

Plasma 

mg./ml. 

Total 

mg. 

15 

Mean 

3-5 

0*27 

0-30 

047 

Ascorbic acid 

1-0 54 4*0 0*9 

04 

4-7 

1-5 

0-0 

0-03 

22*5 


S.D. 

0-4 

0*1 

0-05 

0-08 

0*2 0*5 0*9 0-1 

04 

0-3 

04 

0-0 

0-01 

1-8 


Mean 

0-1 

0*01 

0-03 

0-59 

Dehydroascorbic acid 

51*5 0*4 3*2 0-0 

0-0 

1*7 

0-6 

0-0 

0*00 

58*0 


S.D, 

0 -i 

0-01 

0-03 

0*03 

3*9 0*3 2*6 0-0 

0-0 

1-7 

0-4 

0-0 

0-00 

6*5 


Mean 

2-6 

0*19 

041 

041 

Diketogulonic acid 

2*3 3-5 15*8 1*3 

9-8 

5-5 

4-9 

0-1 

0-05 

45*8 


S.D. 

0-9 

0-03 

0-02 

0*06 

2*1 0*4 9*7 04 

2*0 

1-6 

1-7 

0-1 

0*01 

11*5 

30 

Mean 

3-5 

0-30 

045 

048 

Ascorbic acid 

0*9 4*7 2*8 14 

0*5 

6-1 

2-7 

0-1 

0-05 

24-1 


S.D. 

0-6 

0-05 

0-18 

042 

0*5 0-9 1*6 0-2 

0*8 

2-9 

1-2 

0-1 

0-02 

5*9 


Mean 

0-3 

0-02 

0-01 

046 

Dehydroascorbic acid 

45*8 0*0 2*1 0-0 

0*2 

1*0 

0-5 

0-01 

0-00 

50*2 


S.D. 

0-1 

0*01 

0-01 

048 

18*1 0*0 0*8 0*0 

0*4 

0-9 

0-1 

0-01 

0-00 

16*5 


Mean 

1-9 

0-17 

0-37 

040 

Diketogulonic acid 

3-3 1-9 12*2 1*2 

13-1 

6-6 

5-9 

0-7 

0-05 

48*4 


S.D. 

0-1 

0-01 

0-09 

0-06 

0-2 0*7 3*0 0-4 

10-6 

1-9 

2*0 

0*4 

0-01 

9-2 

60 

Mean 

5-6 

0-37 

049 

040 

Ascorbic acid 

0*2 5-0 3*2 1*2 

0-8 

5-0 

2*5 

0-1 

0-04 

25-1 

S.D. 

14 

0-02 

047 

041 

0*3 1*4 0-6 0*2 

0-8 

0-7 

1*2 

0-1 „ 

0-01 

5-5 


Mean 

0-2 

0-01 

0-01 

0-06 

Dehydroascorbic acid 

5*0 0*2 1*2 0-0 

0-0 

1-0 

0-6 

0-0 

0-00 

8*2 


S.D. 

0-2 

0*01 

0-01 

0-03 

1*5 0*2 0*3 0*0 

0-0 

0-7 

0-6 

0-0 

0-00 

2-2 


Mean 

24 

0-14 

0-37 

0-26 

Diketogulonic acid 

1-5 2*2 14*2 1*5 

18-8 

2-7 

5-9 

0-8 

0-04 

51-3 


S.D. 

0-6 

0-03 

0*05 

0-02 

0*4 0*9 5*6 0*2 

3-1 

2-4 

0-6 

0-5 

0-01 

9-5 


Table 7. Effect of injection of 120 mg, diketogulonic acid into the guinea-pig 

Quantity found 


Stomach 


Small 

intestine 


Large 

intestine 


Ex- 


After 

min. 


JU] 

Total 

mg. 

Lver 

^ 

mg./g. 

Kidney Tissue 
mg. mg. 

- ^ r V 

Con- Con- 

tents Tissue tents Tissue 
mg. mg. mg. mg. 

Con- 

tents 

mg. 

'Car- 

cass’ 

mg. 

Skin 

mg. 

in 

urine 

mg. 

Plasma 

mg./ml. 

Total 

mg. 

15 

Mean 

0-9 

0-08 

0*08 

0-11 

Ascorbic acid 

0-0 0-8 0-0 0*5 

0-0 

1-8 

0-6 

0-0 

0-00 

4-8 

S.D. 

0*1 

0-01 

0-01 

0-02 

0-0 0-2 0-0 0*1 

0-0 

0*2 

0-2 

0-0 

0-00 

0-3 


Mean 

2*6 

0-20 

1*19 

0-48 

Diketogulonic acid 

0*7 0*9 0-9 1*3 

3-8 

43-4 

16*0 

7-5 

0-55 

86-6 


S.D. 

0*5 

0*01 

0*06 

0-06 

0*1 0*1 0-1 0-3 

0-7 

0-3 

1-0 

1-1 

0-03 

2*3 

30 

Mean 

1*0 

0-07 

0*09 

0-08 

Ascorbic acid 

0-0 0*9 0-0 0-5 

0-0 

14 

0-6 

0-0 

0-00 

4*5 

S.D. 

0-3 

0-01 

0-00 

0*02 

0-0 0-2 0-0 0*1 

0*0 

0-8 

0-2 

0*0 

0-00 

1-3 


Mean 

3*2 

0-21 

1*28 

0-43 

Diketogulonic acid 

0*9 1-0 0-7 14 

4-7 

26-6 

15-4 

11-5 

0-45 

73-8 


S.D. 

0*7 

0-01 

0*12 

0-08 

0*6 0-2 0-2 0-3 

1-6 

4-3 

1-0 

5-5 

0-01 

9-6 

60 

Mean. 

0*9 

0*67 

0*10 

0-09 

Ascorbic acid 

0*0 0*9 0-0 0-6 

0-0 

1-1 

0-6 

0-1 

0*00 

4-3 

S.D. 

0-2 

0*01 

0*03 

0-01 

0*0 0*1 0*0 0-1 

0-0 

0-8 

0-3 

0-2 

0-00 

1-0 


Mean 

2*3 

0*17 

0*90 

0-35 

Diketogulonic acid 

2*1 1*1 0*6 1-2 

4-6 

11-7 

8-9 

9-3 

0-23 

46-5 


S.D. 

04 

0-02 

0*17 

0-06 

0-5 0-1 0*1 0-1 

0-9 

8-4 

2-7 

■ 7-2 

0-05 

18-1 


No deliydroascorbic acid was detected in this experiment. 
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Table S. Effect of oral adminiatratimi of 120 mg. diketogulonic acid to the guinea-pig 

Quantity found 


Stomach 


Small 

intestine 


Large 

intestine 



Li 

Total 

mg. 

Yer 

/s. ^ 

Kidney 

mg. 

A 

r 

Tissue 

mg. 

, ^ , 

Con- Con- 

tents Tissue tents ' 
mg. mg. mg. 

Tissue 

mg. 

Con- 

tents 

mg. 

‘ Car- 
cass ’ 
mg. 

Skin 

,mg. 

creted 

in 

urine 

mg. 

Plasma. 

mg./ml. 

Total 

mg. 

Bfean 

0'6 

0*05 

0'07 

0 12 

Ascorbic acid 

0-0 1*0 04 

04 

Oh 

Ih 

0*5 

Oh 

0*00 

4*1 

S.D. 

0*2 

O-Oi 

0-01 

0-02 

0-0 0-2 04 

04 

Oh 

0*1 

— 

Oh 

0*00 

0*3 

Mean 

2-2 

0-17 

0*34 

0-91 

Diketogulonic acid 
55-6 4-2 18'5 ' 

1-0 

4-8 

2*8 

6*6 

0*7 

0*05 

94*0 

S.D. 

0*3 

0-04 

0-04 

0*08 

10-7 0-7 1-5 

0*2 

Oh 

2*0 

— 

0*6 

0*01 

14*4 

Mean 

0-6 

0-05 

0-07 

0 12 

Ascorbic acid 

O'O 1-5 0*2 

0-6 

0*2 

0*9 

0*3 

Oh 

OhO 

4*5 

S.D. 

0-2 

0-01 

0*03 

0-01 

0-0 0-2 0*2 

04 

0-3 

0*8 

0*2 

0*0 

0*00 

1*8 

Mean 

1-8 

0-16 

0-32 

0-89 

Diketogulonic acid 
23*3 3-7 9*8 

24 

13-7 

7*3 

5*6 

1*1 

0*07 

70*5 

S.D. 

0%3 

0-01 

0-07 

047 

11-0 2-3 9-3 

1-8 

4*7 . 

4*2 

0*6 

0*2 

0*02 

13*1 

Mean 

0-7 

0-06 

0-08 

043 

Ascorbic acid 

Oh 14 0-6 

0-7 

0*5 

1*5 

0*5 

0*0 

0-00 

6*1 

S.D. 

Od 

0*01 

0-02 

002 

0-0 0-2 04 

0-2 

0*5 

0*3 

0*1 

0*0 

0*00 

0*7 

Mean 

2-1 

048 

0-32 

0*88 

Diketogulonic acid 
31-0 34 14-5 

1-9 

17*7 

0*5 

4*5 

1*1 

0*04 

' 78*4 

S.D. 

04 

0-03 

0*02 

043 

44 1*5 8-5 

04 

6*7 

0*8 

1*3 

0*2 

Ohl 

Ih 


No dehydroascorbic acid was detected in this experiment. 


Table 9. Analysis of tissues from control guinea-pigs 
Quantity found 


Stomach 


Small 

intestine 


Large 

intestine 



Total 

mg. 

K 

mg‘/g- 

Kidney 

mg. 

Tissue 

mg. 

Con- 

tents 

mg. 

Con- 

Tissue tents Tissue 
mg. mg. mg. 

Con- 

tents 

mg. 

‘Car- 
cass ’ 
mg. 

Skin 

mg. 

in 

urine 

mg. 

Plasma 

mg./ml. 

Total 

mg. 

Mean 

0*6 

0*05 

0*04 

0*10 

Oh 

Ascorbic acid 

0*6 Oh 0*5 

0*0 

14 

0*6 

Oh 

0*00 

3*5 

S.D. 

0*3 

0*02 

0*02 

0*05 

0*0- 

0*2 0*0 0*1 

0*0 

0*6 

0*0 

Oh 

0*00 

0*5 

Mean 

1*9 

0*17 

0*33 

0*27 

0*6 

Diketogulonic acid 

0*8 0*8 0*9 

4*8 

4*7 

6*1 

0*2 

0*05 ■ 

17*9 

S.D. 

0*2 

0*01 

0*08 

0*02 

0*1 

0*1 0*3 0*2 

1*9 

1*8 

0-0 

0*1 

0*01 

6*9 


No dehydroascorbic acid was detected in this experiment. 


with the standard deviations. Each experimental 
group consists of three guinea-pigs. The concentra- 
tions of these substances in the liver are also given 
in the Tables. The approximate concentrations in 
the other tissues can be obtained from the mean 
weights of the organs, which were as follows ; kidney 
2*75 g., stomach 3*15 g., small intestine 11*0 g., 
large intestine 1 1*2 g., ‘ carcass ’ 1 64 g., skin 57 g. All 
the results are calciilated as equivalents of ascorbic 
acid, A group of animals depleted of vitamin 0 for 
5 days but not receiving either dehydroascorbic 
acid or diketogulonic acid was analysed and these 


results were used, as controls- (Table 9). ■. All the 
' tissues of the control animals gave a slight colour 
reaction, but in all probability this was due to the 
presence of substances other- than diketogulonic 
acid. As the experiments were repeated several 
times and data of a similar trend were obtained, 
only representative results are given in this com-, 
mmiication. 

8ignificanG& of the biological results 

Sufficient evidence has been obtained to elucidate 
the behaviour of clehydroascorbic acid and diketo- 


VoL 37 

giilonic acid in the living guinea-pig. 'V^Tien de- 
hydroaseorbic acid was introduced into the or- 
ganism by intramuscular injection it was very soon 
partly reduced by the organism to ascorbic acid and 
partly converted to diketogulonic acid. The former 
entered the tissues. The latter was mainly excreted 
by the kidneys but some of it was also found de- 
posited in some of the tissues (Table 5). As will be 
seen from a separate experiment, the results of 
which are given in Table 10, as much as about 25 % 
of the quantity of dehydroascorbic acid injected 

Table 1.0. Excretion of diketogulonic acid in 24 hr, 
after the injection of dehydroascorbic acid or diheto- 
gulonic acid 

Diketogulonic 
acid excreted in 
24 hr. (mg.) 

Substance ( — ^ % 


Day 

injected 

Animal no. . 

.. 41 

" 42 

43 

1 

None 


5-6 

6-0 

5-8 

2 

120 nig. deliydro- 
ascorbic acid 


32-6 

21-6 

38-8 

3 

None 


4d 

8-4 

8-3 



Animal no. . 

.. 44 

45 

46 

1 

None 


5-8 

8*7 

8-2 

2 

120 mg. diketo- 
gulonic acid 


23-5 

36-8 

351 

3 

None 


7-6 

11*7 

7-2 


; can be excreted as diketogulonic acid in 24 hr., 

mostly during the first 3 or 4 hr. Similar results 
were obtained when diketogulonic acid was injected. 
Dehydroascorbic acid was estimated at the same 
time, and the results indicated that possibly small 
i quantities of dehydroascorbic acid were excreted. 

I The identity of diketogulonic acid in the urine after 

* in j ection of dehydroascorbic acid was established by 

isolating and identifying the dinitrophenylhydrazine 
derivative as described previously. The crude yield 
was in large excess of that which would have been 
expected from the ascorbic acid present and was in 
fair agreement with the total quantity of ascorbic 
acid and diketogulonic acid found in the urine. 
M.P. after recrystallization from acetone-ethanol 
was 278'^. Mixed m.p. with authentic derivative 
was 279°. N content (Weiler) = 20^7 % (calculated 
^ for osazone ]Sr = 21-0 %). 

It will be seen from Table 5 that the concentra- 
tion of ascorbic acid in the liver after injection of 
120 mg. dehydroascorbic acid was very high (about 
1 mg./g.). MTien 120 mg. ascorbic acid were injected 
we found that the ascorbic acid concentration was 
only about one-half this value. It appears that 
most if not all the imchanged dehydroascorbic acid 
which entered the blood stream and which had not 
mutarotated was reduced in the liver, since none 
was formd in the blood after administration. There- 
fore when dehydroascorbic acid is injected the con- 
centration of ascorbic' acid in the blood is not the 
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only factor which controls the concentration in the 

liver. 

Mdien dehydroascorbic acid was administered 
'per os (Table 6) it passed graditally into the system 
but part of it remained almost entirely unchanged 
in the stomach before being absorbed. About 50 % 
could be recovered as dehydroascorbic acid after 
15 min. The dehydroascorbic acid in the stomach 
decreased with time, by absorption and passage 
into the small intestine, where, owing to the pre- 
vailing alkaline condition, it was converted to 
diketogulonic acid. No dehydroascorbic acid was 
found under the conditions of this experiment to 
reach the caecum, colon or rectum. 

When diketogulonic acid was given per os (Table 8) 
it was found that most of the dose passed from the 
stomach along the intestine and no doubt would 
eventually have been excreted in the faeces either 
imchanged or as decomposition products. Since 
small quantities were fomid in the tissues of the 
digestive tract and in the urine, it may be presumed 
that minute quantities had passed into the blood 
stream although the presence of diketogulonic acid 
could not be demonstrated in the plasma. This may 
be explained by the fact that the little that entered 
the blood was excreted by the kidneys as fast as it 
passed through the intestinal tissues. Furthermore, 
as will be seen later, diketogulonic acid undergoes 
chemical change in the animal tissues. Wlien the 
compound was injected the greater part was found 
in the ‘carcass’, skin and plasma (Table 7). Signi- 
ficant increases were also noted in the kidneys. 
15 min. after injection the total amount found in 
the body of the animal was about 70 mg.,* this 
quantity decreased with time and after 60 min. the 
amount recovered was about 30 mg., up to 15 mg* 
of which was found in the urine. No doubt diketo- 
gulonic acid is changed chemically in the body, as it 
is in vitro at pH 7-4 at 38° (cf. Fig. 9). Whether the 
compound was administered orally or by injection, 
no evidence vras obtained indicating any significant 
laetonization of diketogulonic acid. Doubtful traces 
of ascorbic acid have been observed in some of the 
tissues and in the. mine after the administration of 
diketogulonic acid. Their presence could be ex- 
plained by the fact that mutarotated solutions were 
used, and these are known to yield small quantities 
of ascorbic acid when reduced by H 2 S. Even if 
these minute amounts were derived from diketo- 
gulonic acid very large quantities of this open-chain 
compotmd would have to be administered in order 
to exert any antiscorbutic effect. It is therefore not 
surprising that Hirst & Zilva [1933] and Borsook 
et al [1937] had observed no antiscorbutic effect 
when employing small doses of mutarotated de- 
hydroascorbic acid. 

Consideration of the total recovery of ascorbic 
acid and dehydroascorbic acid only after the ad- 
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mimstratioii of deliydroascorbic acid shows that a 
gi’eat part of the dose is not accounted for. This, as 
can now be seen, is due to the fact that considerable 
quantities of dehydroascorbic acid are converted to 
diketogulonie acid. The in vitro experiments (cf. 
Fig. 9) explain the reason for this rapid conversion. 
At pH 7-4 and 38° the conversion of a great part of 
the dehydroascorbic acid into diketogulonie acid 
can take place within the first few minutes. As 
already mentioned it was observed in the pre- 
liminary experiments which led to this investigation 
that whilst most of the ascorbic acid could be 
acc6unted for in the body soon after injection this 
was not the case when dehydroascorbic acid was 
injected, and it was then suspected that part of the 
latter was converted into diketogulonie acid. This 
hypothesis is now fully supported by experimental 
evidence. 

DISCUSSION 

The main object of this investigation was to obtain 
experimental evidence which might offer some sup- 
port to the hypothesis concerning the mode of action 
of ascorbic acid as outlined in the introduction. It 
was assumed that ascorbic acid was a link in a co- 
chain of reactions, in which it was alter- 
nately oxidized to dehydroascorbic acid and reduced 
to its original form. The presence of the reversibly 
oxidized product in minute quantities as a component 
available for further interaction was postulated 
accordingly. It is of interest now to consider how 
our results can be co-ordinated with this hypothesis. 

Our m vitro and in vivo experiments have shown 
that dehydroascorbic acid tends to be converted to 
diketogulonie acid with comparative ease both in 
the presence and in the absence of Og, the rate 
being influenced by the pH of the medium. On the 
above hypothesis therefore the reactions would pro- 
ceed according to the following scheme : 

Ascorbic acid dehydroascorbic acid 

diketogulonie acid. 
Our present evidence and that of Hirst & Zilva 
933] and of Borsook eif al, [1937] does not favour 
the view that diketogulonie acid can be reconverted 
to ascorbic acid in the body. This is accomplished 
in vitro only by such drastic methods as treatment 
with HI [Herbert et ah 1933]. It is, however, con- 
sidered that the concentration of dehydroascorbic 
acid must at any given time in the above reaction 
be extremely low, and in consequence the diminu- 
tion in the quantity of the ascorbic acid concerned 
through the conversion of dehydroascorbic acid into 
diketogulonie acid would be very slow. This may 
account for the long time that elapses before the 
appearance of scurvy. In animals not capable of 
synthesizing the vitamin and at the same time not 
receiving any in the diet, the total content of the 
ascorbic acid of the body, after the tissues have 


been depleted, is very small, yet a considerable time 
has to elapse after the depletion before even latent 
scurvy can be diagnosed. The daily ascorbic acid 
lost during this period must therefore be so minute 
as to fit in with the requirements of the above 
hypothesis. Admittedly our results indicate no 
more than a bare possibility of the existence of the 
scheme outlined above, but they do in our opinion 
definitely indicate that possibility. 

Another point of theoretical interest deserves 
mention. It was observed that when large doses of 
dehydroascorbic acid were given orally an increase 
in ascorbic acid in the tissues of the stomach was 
foimd, thus showing that dehydroascorbic acid was 
reduced there while passing into the blood stream. 
This observation offers an explanation for the eco- 
nomic utilization of small doses of dehydroascorbic 
acid, Demole [1933] and Hirst & Zilva [1933] found 
that dehydi'oascorbic acid was somewhat less active 
than ascorbic acid. The latter workers compared the 
biological response of guinea-pigs on a scorbutic 
diet receiving a daily oral dose of 0-25, 0*5 and 1 mg. 
dehydroascorbic acid with that of guinea-pigs re- 
ceiving similar doses of ascorbic acid. The response 
of the former group was only very slightly less than 
that of the latter, and this was noticeable only in 
the two lower doses. Our present experiments sug- 
gest that doses of dehydroascorbic acid of the above 
order would pass quickly through the stomach wall 
where they would be converted into ascorbic acid. 
Dehydroascorbic acid in small doses would therefore 
begin fimctioning as ascorbic acid within a short 
time and any loss through conversion to diketo- 
gulonic acid would in consequence be very small. 
Large doses of dehydroascorbic acid, on the other 
hand, might be delayed in the stomach or in the 
small intestine before passing into the blood stream 
and would thus inciu a proportionately higher loss 
through mutarotation. 

The observations made in connexion with the 
parenteral introduction of dehydroascorbic acid and 
diketogulonie acid have, as far as we can see at 
present, no bearing on practical nutrition. The oral 
consumptibn of dehydroascorbic acid and even of 
diketogulonie acid is in all probability encountered 
in practice. It may occur when the tissues of 
vegetables, particularly those containing oxidizing 
enzymes, are disintegrated before being eaten. If 
large quantities are consumed the dehydroascorbic 
acid as we have seen mfci,y remain for some time in 
the stomach and in the small intestine before 
passing into the blood stream. The destruction of 
the antiscorbutic potency in the case of dehydro- 
ascorbic acid would be rather higher than that of 
ascorbic acid under similar conditions, but since 
this applies to quantities of vitamin C whicli are firr 
greater than the physiological requirement it re- 
mains a point of theoretical interest only. 
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SUMMARY 

(а) In vitro experiments 

1. Diketogiilonie acid in the presence of HGl 
forms a derivative with dinitrophenylhydrazine. 
Wlien ascorbic acid and dehydroascorbic acid are 
present they are first converted to diketogulonic 
acid which then reacts with the reagent. 

2. The percentage of dehydroascorbic acid which 

is converted to diketogulonic acid in a given time 
in the presence of mineral acids is independent of 
the initial concentration of the former and proceeds 
as a reaction of the first order at any pH value 
below about pH 4 investigated by us. The conver- 
sion is accelerated by increase in temperature, the 
temperature coefficient being 2*2. At pH 

values higher or lower than about pH 4 the rate of 
conversion is accelerated, 

3. Diketogulonic acid undergoes a chemical 
change in the presence of HgS. At pH 7-4 the rate 
of formation of diketogulonic acid from dehydro- 
ascorbic acid, as measured by the colour reaction, 
is high and its decomposition proceeds at a con- 
siderable rate. This is independent of the presence 
of air. 

The indirect determination of diketogulonic acid 
by HgS treatment is not reliable under all conditions. 

(б) In vivo experiments 

1. When diketogulonic acid was injected intra- 
muscularly into guinea-pigs which had previously 
received a scorbutic diet for 5 days, about 60 % of 
the dose was recovered after 15 min., mainly from 
the ‘carcass’, skin and plasma. After 1 hr. only 
about 30%, of which as much as one- third was 


px’esent in the urine, was recovered. It was evi- 
dently destroyed in the animal body. 

2. When diketogulonic acid was administered 
orally only small quantities, if any, entered the 

. blood. The greater part of the dose passed from the 
stomach along the intestine and some no doubt was 
excreted in the faeces. 

3. When dehydroascorbic acid was injected it 

was partly converted into diketogulonic acid and 
partly reduced to ascorbic acid, some of which filled 
the tissues of the unsaturated guinea-pigs and some 
was excreted by the kidney. The liver contained 
abnormally high quantities of ascorbic acid. It is 
suggested that when large quantities of dehydro- 
ascorbic acid are introduced into the blood stream 
reduction takes place mainly in the liver. j 

4. When dehydroascorbic acid was administered 
per os it was gradually absorbed, but a considerable 
part of the dose remained at first (15-30 min.) 
unchanged in the stomach. In the small intestine, 
owing to alkalinity, it was converted to diketo- 
gulonic acid. 

5. When 120 mg. diketogulonic acid were in- 
jected, about 25 mg. were excreted in 24 hr. The 
greater part of this passed through the kidney 
during the first 4 hr. Injected dehydroascorbic acid 
(120 mg.) was similarly excreted by the kidney as 
diketogulonic acid, in almost the same quantities. 

We should like to take this opportunity of expressing 
our gratitude to Dr R. G. Hatton, Director of East Mailing 
Research Station, where a great part of this work was 
performed, for laboratory accommodation. Thanks are also 
due to Messrs 'Roche Products, Ltd. for a gift of ascorbic 
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The purpose of this aceomit is to record results 
obtained in an attempt to determine the fimction 
of pantothenate in metabolism. From the observa- 
tion that pantothenate stimulated Og-uptake and 
especially COg -output [Williams, Mosher & Rohr- 
mann, 1936 ; Pratt & Williams, 1939], it was thought 
that this nutrient might be specifically concerned 
with the metabolism of a-ketonic acids, since these 
are an important source, perhaps the only source, 
of respiratory COg . An abstract of earlier results 
[Hills, 1941] showed that many other substrates 
may be affected. In order to deterniine whether 
this was due to an intermediary metabolite common 
to these substrates, experiments on interaction be- 
tween substrates both aerobicallj’^ and anaerobically 
have now been carried out, and the course of pyru- 
vate breakdown studied. Mliile the work was in 
progress an abstract of similar work/ with findings 
differing in some details, was published by Berkman, 
Dorfman & Koser [1942] who concluded in a later 
paper [Dorfman, Berlmian & Koser, 1942] that 
pantothenate is concerned with a metabolic step 
involving pju'uvate or a derivative, most likely that 
of the conversion of pyruvate to acetate. At the 
same time Teague & Williams [1942] produced evi- 
dence that pantothenate was not concerned with 
glucose phosphorylation, glucose or hexosediphos- 
phate fermentation, or pyruvate decarboxylation. 
Their test systems were pantothenate-deficient yeast 
extract and chick brain. Later Pilgrim, Axelrod & 
Elvehjem [1942] showed that diminished oxidation 
of pyruvate occurs in pantothenate -deficient rat 
liver. Although the present study has been confined 
to a single bacterial species, the results may there- 
fore have wider implications. 

METHODS 

Organisms. On account of the simplicity of its 
nutritional rec|uirements, Proteus morganii was 
chosen for this work. Since pantothenate must be 
supplied in the medium [Pelczar & Porter, 1940], 
cells deficient in pantothenate, or with sufficient for 
optimum metabolism, may be obtained at will by 
regulation of the pantothenate content of the 
medium. Four strains from the National Gollection 
of Type Cultures, Nos. 1707, 28 14 A, 2818 and 5845, 
were found to have similar pantothenate require- 
ments for growth, and a similar deficiency in Og- 


uptake when grown with subop timal amoimts. The 
results, quoted refer to strain 2818 except where 
otherwise stated. 

Culture media. The organisms were usually grown on the 
‘complete’ amino-acid medium described by Gladstone 
[1939], with the addition of 1 g. (NH 4 ) 2 S 04 and 1 g. 
]SrH 4 Cl/l., and of nicotinamide final) and synthetic 

Ca (+) pantothenate (Merck), which were essential nu- 
trients. Good crops of pantothenate -deficient organisms 
(afterwards described simply as ‘deficient’ wdiere no ambi- 
guity might arise) w^ere obtained with 2-4 x 10~®M panto- 
thenate. Aneurin (10“'^i¥) and riboflavin (2 x 10~®if) were 
sometimes added to avoid partial deficiencies of these 
factors, but these non-essential additions appeared not to 
influence the results. Later it was found possible to dis- 
pense wdth all the amino-acids except cystine, which was 
probably required as a source of organic S [cf. Fildes & 
Richardson, 1937; Gladstone, 1937]. This NHg-cystine 
basal medium was made up similarly to the NHg medium 
of Fildes [1940] with the addition of 25 mg. cystine in 
NaOH and 1-25 mg. nicotinamide/1, final bulk. Lactate 
was omitted and glucose added to the basal medium after 
sterilization. Pantothenate requirements were the same as 
for the amino-acid medium. 

A basal medium consisting of 1 % acid-hydrolysed casein 
[Mcllwain, 1939] has also been used with the addition of 
glucose, nicotinamide and pantothenate as required. The 
organisms w^ere not so deficient as those reaped from the 
synthetic media, even though the pantothenate concentra- 
tion was reduced to 10~^-M, the minimum necessary to 
support adequate growdh. 

AH media were dispensed in 100 ml. quantities in 250 ml. 
conical flasks. Glucose (1*25 ml. Jf) and pantothenate were 
added at the time of inoculation. Except where othcr’wise 
stated the amino-acid medium wns used. 

Inoculum. In the early stages, to avoid carrying over 
pantothenate, a small inoculum of ca. 100 organisms/ml. 
w^as used but later this proved unsatisfactoiy. Instead, 
the inoculum for 100 ml. culture w^as 1 mi. of an 18-24 hr. 
culture on the same medium with J/ j^antothenate, J 

which was found to give more reproducible residis tiian 
ceils raked from an agar slope and suspended to give a 
similar opacity {ca. 10® cells/mi.). Subcultures v'ere never 
made fi’om deficient cultures, so as to avoid training the 
organism to dispense with an added supply of pantothenate. 

The inoculated medium w'as incub;ited in air for 40— IS hr. 
with the small inoculum, or for 20-24 In*, with the large 
mociilum. The cells w'ere collected on the centrifuge and 
w^ashed once. The yield was ca. 10 mg. dry wt. of deficient 
cells/100 ml. medium, which was enough for 3-5 Miirhiirg 
vessels in most experiments. Except viiore stated other- 
wise the large inoculum was used in 'the experiinents 
quoted. 
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Measurement of metabolism. Standard manometric me- 
thods as described by Dixon [1934] were used. The cell 
suspension in distilled water was suitably buftered and 
adcled to a salt mixture in Warburg yessels, so that with 
any additions from the side-bulbs the final composition of 
the medium was that of Krebs & Henseleit [1932], with 
replacement of KHgPO^ by KOI, and limitation of the 
Ca+'*' content to 3 x 10"^ iV' including the Ca pantothenate 
added to certain vessels. This excluded any possible effect 
on metabolism of the Ca++ in the pantothenate, and there 
were no difficulties due to precipitation when the NaHCOg 
buffer w'as replaced by 30 mil/ phosphate in the measure- 
ment of Oa-uptake by the direct method. Except where 
otherwise stated the pantothenate concentration was 
3 X 10“®W. In anaerobic experiments the last traces of 
O 2 were removed by yellow P in the centre well. The 
temperature was 37°. 

Substrates. Pyruvate was purified by vacuum distillation 
according to Wendel [1932], and was stored as 53/ solution 
at 0-5°. It was determined by the carboxylase method 
according to the details of Westerkamp [1933]. 

Oxalacetic acid w^as prepared according to Wohl & 
Oesterliu [1901] and Wohl & Claussner [1907]. It was 
crystallized from hot acetone-benzene [Fenton & Jones, 
1900] and determined, like acetoacetate, by the aniline 
citrate method [Edson, 1935; Greville, 1939]. I am in- 
^ debted to Mr D. E: Hughes for pure preparations of 
pyruvic and oxalacetic acids. Both these substrates were 
neutralized just before use with the calculated quantity of 
NaHCOg. 

Except where otherwise stated the final concentration 
of all substrates w'as 224 /xl. in 3*33 ml. per vessel, i.e. 3m3f 
(each form where commixtures were used). 

RESULTS 

Pantothenate requirements for growth 
and metabolism^ 

Table 1 shows the influence of different concentra- 
tions of pantothenate in the culture medium on 
02-nptake of the washed cells. The low metabolism 

Table 1. Effect of pantothenate concentration 
during cultivation on O^-uptahe 

Cells grown from a small inoculum. 20mif pyruvate 
added after shaking 1 hr. in air. 

Pantothenate (3/) 
during growth 
r—- ^ ^ > 

SxlO™^ 4x10-8 10-6 

Crop (mg. dry cells/100 ml. 10 21 32 

medium) 

Qo^ (jul./mg. cells) : 

No pantothenate 17 16 55 

With pantothenate 105 47 56 

Og-uptake (/xl./lOO ml. 

culture/hr.) : 

No pantothenate 170 340 1760 

With pantothenate 1050 990 1790 

of those grown with 1-4 x 10-^3/ pantothenate was 
restored to normal by 3x10-6/1/ pantothenate in 
the final suspension. If we take the yield of organ- 


isms into accoimt, however, the amomit, in deficient 
cells, of the enzyme requiring pantothenate was, 
even when metabolism had been activated subse- 
quently by addition of pantothenate, only 55 % of 
that produced under optimal conditions. Table 2 
shows that the concentration of pantothenate used 
in the final suspension was ample for optimal acti- 
vation of both oxidation and fermentation of 
pyruvate. 

Table 2. Effect of added pantothenate on aerobic and 

anaerobic metabolism of pyrtcvate by deficient cells 

Strain 2818 grown on hydrolysed casein with 2 x I0~8 3/ 
pantothenate. The suspensions were shaken for 30 min. in 
the presence of the stated concentrations of pantothenate 
before adding pyruvate (20 mi)/). The data are for the 
period 40-70 min. after adding the substrate. 


Pantothenate 

added 

3/ 

Qo., 

'‘t acid+gas 

0 

54 

17 

10-6 

— 

21 

3 x 10-6 

59 

32 

10-8 

71 

52 

3 X 10-8 

81 

73 

10-7 

94 

— 

10-6 

97 

73 ^ 


Influence of pantothenate on oxygen uptake 

Specificity of influence of pantothenate. The effect 
on Og-uptake was probably specific for panto- 
thenate, since aneurin, hydrolysed pantothenate 
and a partially purified preparation of cozymase 
were all ineffective (Table 3). The cozymase pre- 
paration stimulated the organism mider appropriate 

Table 3. Specificity of influence of pantothenate 
on oxygen uptake of deficient cells 

Strain 2818 grown on pantothenate-deficient medium, 
i.e. hydrolysed casein with added pantothenate (10“®3/) 
and nicotinamide (10-6 3/), and on nicotinamide-deficient 
medium, i.e. hydrolysed casein with added pantothenate 
(10~6 3f) and no added nicotinamide. 


Addition 

Cone. 

■ 3 /. 

§02 (20-80 min.) 

Panto- Nicotin- 
thenate- amide- 
deficient deficient 

None 

— 

28 

■ '43' 

Pantothenate 

1-5x10-7 

82 ' 

45 

:*Hydrolysed 

1-5x10-6 

34 


pantothenate 

Aneurin 

3 xlO-6 

34 


Cozymase 

2 xlO-6 

35 

80 


N HCl 10 min. ; 

at 100°. 



conditions (cozymase-deficient ceils grown on the 
hydrolysed casein medium with no added nicotin- 
amide). Hence its ineffectiveness on pantothenate - 
deficient cells was not likely to be due to its inability 
to reach the active centres. 
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Substrcae specifkity. Table 4 shows the effect of dry weight of organisms was used in each vessel, 
pantothenate on the Og-uptake of deficient cells in With the exception of glucose, for which the Og- 
the 1st hr. after adding a variety of substrates. The uptake was not greatly affected by the addition of 
rate of Oo-uptake with pjTuvate in the presence of pantothenate, and of succinate, pyruvate gave a 
pantothenate is taken as 100, as an arbitrary more rapid rate of O 2 -uptake than any other sub- 

strate tested. 


Table 4. Substrate specificity Jor influence of 
pantothenate on oxygen ug^tahe of deficient cells 

To facilitate comparison of substrates with the same C skeleton 
but different degrees of oxidation, compounds are arranged in 
order of decreasing number of C atoms and increasing degree of 
oxidation for a given number of C atoms. 

Relative rate 
of Og-uptake 
for 1st hr. 

(uptake with Mol. Og 

pyruvate and f ^ ^ \ 

added panto- Taken up 
thenate=100) in 4 hr. 



' No 

With 

No 

With 

, Theory 
for 


pantO' 

- panto- 

panto- 

panto- 

comple- 

Substrate 

thenate thenate 

thenate 

■ thenate 

tion 

(a) Using organisms grown from a large inoculum 

Citrate 

9 

38 

0*07 

0'38 

4-5 

<Z^Giutamate 

17 

73 

0*15 

0-88 

4*5* 

a-Ketoglutarate 

14 

55 

0*17 

0-74 

4*0 

Succinate 

36 

104 

0-33 

1*24 

3*5 

Fumarate 

28 

88 

0-22 

1-06 

3*0 

!{-) Malate 

38 

58 

0-27 

0-63 

3*0 

(^/-Aspartate 

20 

61 

0-19 

0-84 

3-0* 

Oxalacetate 

39 

80 

0*35 

1-13 

2*5 

Glycerol 

35 

64 

1*13 

2*14 

3*5 

d- or Z-Lactate 

33 

86 

0-24 

0-97 

3*0 

«ZZ-AIanine 

17 

41 

0-15 

0-39 

3*0* 

Pyruvate (10 exp.) 

34 

100 

0*36 

1*18 

2*5 

Standard deviation 

9 

(Qo2 = T5) 
(11) 

0-13 

0-25 


None (11 exp.) 

6 

16 

0-04 

0-12 

— 

Standard deviation 

3 

6 

0-03 

0*04 

— 

{!)) Using organisms grown from a small inoculum 

Glucose 

150 

166 

1-51 

2-00 

6*0 

Galactose 

17 

33 

0-17 

0-60 

6*0 

Butyrate 

2 

8 

0-09 

0-14 

5*0 

j8-Hydroxybutyrate 

8 

14 

0-08 

0-T7 

4.5 

Acetoacetate 

11 

14 

0-08 

0-14 

4*0 

Succinate 

26 

36 

— 

— 

3*5 

Z-Malate 

9 

17 

— ■ 

— ■ 

3*0 

Propionate 

4 

5 

0*06 

0-10 

3*5 

dZ-GIyceraldebyde 

13 

, 24 

0-12 

0-24 

3-0* 

dZ-Lactate 

31 

74 

0-37 

1-18 

3*0 

Pyruvate (6 exp.) 

39 

100 

0*54 

0*86 

2*5 

Standard deviation 

6 

(Qo.=51) 

1:8) 

0-10 

0-13 


Ethanol 

16 

22 

0-23 

0-39 

3-0 

Acetaldehyde 

7 

10 

0*19 

0-31 

2*5 

Acetate 

8 

13 

0-15 

0*35 

2*0 

Formate 

33 

41 

0*36 

0-52 

0*5 

None (5 exp.) 

7 

14 

0’07 

0*14 


Standard dcT-dation 

4' 

6 

0-03 

0*04 

■ '■ 


* Calculated on the assumption that only one optical isomer 
is oxidized. 


Standard of comparison between different experi- 
ments. The total uptake after 4 hr. is given, ex- 
pressed as mol./mol. substrate supplied. To obtain 
comparable results in different experiments, the 
cells from 200 ml. culture were always used for an 
experiment with 10 vessels. This procedure gave a 
greater uniformity than that in which a constant 


At one stage in the work it was found that 
malate, and to a less extent succinate, gave slower 
Og-uptake (Table 4(6)) than was shown by Hills 
[1941], the lower rate being in agreement with the 
report of Berkman et al. [1942]. Attempts to restore 
the activity by the addition of animal ash or Mn+ + 
to the culture medium [cf. Woolley, 1941], which 
was suspected to be suboptimal with regard to trace 
elements, were tmsuccessful, but with larger inocula 
(Table 4 [a)) it was fomid possible to get better 
growth and an increase in the rate of O 2 -uptake in 
the presence of the C^-dicarboxylic acids without 
any special additions to the medium. Since this 
study had to be abandoned before it was found 
possible to repeat the work on 12 out of 24 sub- 
strates using organisms grovni from larger inocula, 
the data are not all strictly comparable and are 
divided between two lists: for organisms grown 
from (a) large and (6) small inocula respectively. 
As will be seen later, the latter list probably includes 
only two substrates, acetate and formate, which 
may be of importance in the function of panto- 
thenate. 

Other substrates which promoted rapid O 2 -uptake 
(50-100 % of the rate with pyruvate) in the presence 
of pantothenate were: glutamate, a-ketoglutarate, 
glycerol and both optical isomers of lactate. Galac- 
tose, citrate, glyceraldehyde, alanine and formate 
gave moderate rates of 0 2 -uptake in the presence 
of pantothenate, initially 20-50% of that with 
pyruvate. With formate, the rate was independent 
of pantothenate in the first 15 min. but fell off 
rapidly, more so without added pantothenate. With 
acetaldehyde and acetate, the initial rate was 
similar to that with the blank, but was maintained. 
Ethanol gave a slightly greater rate, wdiiie butyi^ate, 
jS-hydroxybutyrate^ acetoacetate and propionate, 
with or without pantothenate, gave rates equal to 
those without added substrate. 

Substrate competition. As the maiiitenanee of con- 
stant fate of Og-uptake was more important than 
an attempt to determine conditions for complete 
oxidation, the substrate concentration in these ex- 
periments was increased to 5mM (Table 5). Under 
these conditions, although succinate promoted rapid 
Og-uptake, the effect of pantothenate was relatively 
small, suggesting that the previous effect (Table 4) 
was due to oxidation of some of the products of 
succinate rnetabolism. The smaller effect of panto- 
thenate was not due to inability of the suspension 
to take up O 2 at a greater rate, since succinate and 
pyruvate together gave a higher Og-uptake in the 
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Table 5. Ejfect of other substrates on oxygen uptake 
of deficient cells in 2 yresence of pyruvate and panto-' 
thcfiate 

Relative rate of Og-uptake (rate 
with pyruvate and added 
pantothenate = 100) 



Substrate, omM 

No 

With 

With 

panto- 

thenate 


each ox)tical 

panto- 

panto- 

and 

Exp. 

component 

thenate 

thenate 

pyruvate 

1 

Pyruvate 

40 

100 

101* 


Succinate 

121 

133 

176 


(ih Glutamate 

17 

49 

106 

2 ; 

Pyruvate 

12 

100 

— 


Succinate 

— 

— 

154 


a-Ketogiutarate 

— 

58 

119 


Oxalacetate 

— 

109 

105 


Aspartate 

— 

35 

117 

3 

Pyruvate 

40 

100 

100* 


• Glucose 

167 

187 

188 


*** Double pyruvate concentration. 


presence of pantothenate. The bulk of the 02 -uptake 
with succinate therefore did not go through the 
same system as that with pyruvate, but the small 
part increased by pantothenate may have done so. 
With glutamate, on the other hand, the maximum 
rate of Oa-uptake in the presence of pyruvate was 
little more than that with pyruvate alone, sug- 
gesting that a common system was involved. 
a-Ketoglutarate and aspartate behaved somewhat 
similarly to glutamate, while oxalacefate, as might 
be expected, showed almost the same uptake with 


or without pyruvate. No conclusion as to the role 
of pyruvate in glucose oxidation can be drawn, 
since the failure of pyruvate to increase the uptake 
in the presence of glucose can have no significance 
in the absence of evidence to show that substrate 
activation was the limiting factor in the chain of 
oxidation. 

Influence of pantothenate on anaerobic metabolism 

Of the nine substrates tested, all of which gave 
rapid Og-uptake, only glucose, p;^n’uvate and oxai- 
acetate showed anaerobic fermentation detectable 
manometrically in NaHCOs buffer (Table 6). The 
fermentation of glucose, though more rapid than 
that of the other substrates, was of little interest 
from the point of view of the function of panto- 
thenate, since it was little influenced by this sub- 
stance. A slight decrease in the rate of gas pro- 
duction with glucose was observed in the presence 
of pantothenate (presumably due to diversion of 
pyruvate from the oxido -reduction with triosephos- 
phate in the Embden-Meyerhof-Parnas scheme). 
The reaction was complete after the evolution of 
nearly 2 mol. gas calculated as COg . The rate was 
rminfluenced by excess fumarate except for the 
continued slow evolution of gas in the presence of 
pantothenate after the process without fumarate 
had ceased. The anaerobic metabolism of pyruvate, 
which was already Imown to be markedly dependent 
on pantothenate (Table 2) gave about 0-75 mol. gas 
(0-66-0-86 in 12 experiments) calculated as CO 2 J 



422 


O. M. HILLS 


suggesting that two reactions already recognized in 
bacterial fermentation may be taking place .* 

(i>. 2GH3.CO.COO- + H2O 

= CH 3 . CHOH . COO- + CHg , COO- + CO 2 

as in the cocci [Krebs, 1937 a] and Esch. coli at an 
acid pH [Krebs, 19376]; 

( 2 ) ' CH 3 . CO . COO- + HGO 3 - 

= CH 3 . COO- + HCOO- + CO 2 

as in aerobically grown Esch, coli [Krebs, 19376] 
and in streptococci [Barron & Lyman, 1939]. 

In the presence of excess fnmarate the rate was 
increased nearly threefold and the yield of gas be- 
came 1 moL/moL pyruvate. This may be explained 
by assimiing that fumarate replaced that part of 
the pyruvate acting as H-acceptor as in the oxido- 
reduction of reaction ( 1 ). Oxalaeetate gave initial 
rates which were less than with pyruvate, and which 
fell off so that it was impossible to observe the 
completion of the reaction. The acceleration pro- 
duced by fumarate in this case was also small. 
a-Ketoglutarate and glycerol stimulated no evolu- 
tion of gas when present as sole substrates, but gave 
a small amount in the presence of fumarate. Gluta- 
mate, succinate, fumarate, malate and aspartate 
showed no evolution of gas, while aspartate did not 


1943 

complete in 4 hr., but with 112^1. pyruvate and 
112 pi. oxalaeetate the reaction was complete in 
1 hr., the initial rate having been doubled. The 
yield was 1 mol. gas/mol. pyruvate. Even in the 
‘absence of pantothenate this reaction was complete 
in 3 hr. Exp. 2 (Table 7) showed that 0*25 mol. 
oxalaeetate was sufficient to double the rate of 
fermentation, while a small effect was shewn with 
0*05 mol. Exp. 3 (Table 7) showed that the effect 
was truly catalytic, since even if the blank values 
were deducted (and this is not always justifiable 
[Eirebs, 19376]), the increase in output of gas due 
to 22 pi. (0*10 mol.) oxalaeetate 'was 26 and 37 pi. 
in 1 and 2 hr. respectively, while the oxalaeetate 
alone produced less than half these amounts. 
x41 though oxalaeetate increased the rate of fermen- 
tation of pyruvate even in the absence of added 
pantothenate, the effect was not so great, and was 
possibly due to residual pantothenate in the ceils. 
In contrast, the effects of aneurin and oxalaeetate on 
pjuuvate dismutation by aneurin -deficient staphy- 
lococci were identical either singly or together 
[Smyth, 1940]. Smyth suggested that tlie function 
of aneurin was the carboxylatioh of p;^uiivate to 
form oxalaeetate, the latter acting as a catalyst in 
the dismutation (cf. Elrebs & Eggleston [1940] for 


Table 7 , Catalysis of anaerobic metabolism in the presence of pyruvate by oxalaeetate 
with or without added pantothenate 


pi. acid + gas produced in periods 



Substrates 

_ : 

Vlhr. 

■ 0-2 hr. 

0- 

-3 hr. ' 


Pyruvate 

Oxalaeetate 

< 

No panto- 

With panto- 

( 

No panto- 

With panto- 

No panto- 

■ With panto- 

Exp. 

pi. 

pi. 

thenate 

thenate 

thenate 

thenate 

thenate 

thenate 

1 

0 

0 

-11 

-11 

-11 


>.7 

-5 


112'' 

0 

1 

44 

12 

65 

19 

72 


224 

0 

7 

51 

16 

100 

26 , 

134 


0 

112 

16 

11 

27 

22 

33 

26 


112 

112 

41 

100 

70 

102 

104 

105 

2 

0 

0 

10 

6 

15 

10 

19 

10 


224 

0 

15 

34 

26 

66 

35 

■■■■ 99 


213 

11 

20 

38 

31 

76 

42 

115 


168 

56 

25 

60 

42 

108 

57, 

145 

3 

0 

0 

9 

2 

14 

6 

20 ' 

12 


202 

0 

24 

47 

40 

105 

56 

147 


0 

22 

13 

12 

IS 

15 

■■ 23 

21 


202 

22 

41 

83 

64 

151 

.77 

165: .. 


produce gas even in the presence of fumarate. All pigeon liver). In the present work, Exp. 1 (Table 7 ) 
these substances increased the rate of gas produc- did suggest# in fact, that an equimoleciilar amount 
tion in the presen'ce of pyruvate by at least 50 %— of oxalaeetate excluded pyruvate as a H-acceptor 
in the case of the C 4 -dicarboxylic acids (excepting (thus increasing the yield of gas to 1 moL/mol. 
succinate) by 100-200 % — ^without significantly al- pyruvate) and that this reaction was catalysed by 
tering the total amount of gas produced. Oxal- pantothenate, 
acetate gave a similar increase in rate with pyruvate 

which was studied in more detail (Table 7 ). The Aerobic and anaerobic metabolism of pyruvate 
reaction with 112 pi. pyruvate was complete in 2 hr. and the infiimice of payitothenate 

when 75 pi. (0*69 mol.) gas had been evolved in Optimum pH. Table 8 shows that the optimum 
excess of the blank. With 224 pL pyruvate the rate pH for pyruvate oxidation, with or without panto- 
was little increased and the reaction was not quite thenate, was about 5 *“‘ 9 , but the optimum effect of 
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Table 8. Optimum pH for influence of pantothenate 
on 0 ^’Uptake with pyruvate as substrate 

(Initial pH calculated from composition of Ha phos- 
phate buffers freshly prepared in C02-free water.) 

Q02 30^75 min. 


Initial pH 

No. 

pantothenate 

With 

pantothenate 

ca. 4*6 

31 

39 

5*9 

37 

66 

6*6 

28 

61 

7*0 

20 

58 

7*3 

16 

47 

7-8 

11 

40 


pantothenate occurred at about pH 7. Above this 
pH the proportion of 0 2 -uptake due to added 
pantothenate was almost constant at 70% of the 
total, suggesting that catalysis by pantothenate 
was being limited by the rate of formation of some 
intermediate, e.g. perhaps oxalacetate. Attempts 
to determine the optimum pH for fermentation by 
variation of the concentration of NaHCO^ (Table 9) 

Table 9, Optimum pH for influence of pantothenate 
on anaerobic metabolism of pyruvate 


concentration, 1 mol. gas was also obtained at 
pH 8*0 however, suggesting that under optimum 
conditions, reaction (2) occurred to the exclusion 
of the oxido -reduction (1). 

Aerobic disappearance of pyruvate. Table 10 shows 
that without added pantothenate almost exactly 
0*5 mol. O 2 was taken up during the period over 

Table 10. Belatiofiship between pyruvate disappear- 
ance and 0 2 -uptake with and without added panto- 
thenate 

(Strain 1707— grown on HHs-cystine medium.) 

III. reactant per vessel 



No pantothenate 

- . . 

With pantothenate 

■ A 

Time 

hr. 

Pyruvate 
Og-uptake j)reseiit 

Og-uptake 

Pyruvate 

present 

0 

— 184 

— 

165 

1 

- 46 96 

-108 

9 

2 

- 93 3 

-174 

3 

3 

-113 4 

-222 

0 


which the pyruvate disappeared, after which the 
Og-uptake continued more slowly. With added 
pantothenate the rate of disappearance of pyruvate 


(Initial pH calculated from composition of HaHOOg 
buffer in equilibrium with 5-7% COg in Ng.) 

p,l. acid + gas 

A 

0-45 min. 1*5 mi¥ 60-120 min. 3 niH 
pyi’uvate in pyruvate in 

m. ISOniH salts ca. 280 mH. salts 




No 

With 

No 

With 

NaHCOg 

Initial 

panto- 

panto- 

panto- 

panto- 

mi¥ 

pH 

thenate 

thenate 

thenate 

thenate 

1 

m. 6*0 

0 

27 

— 

— 

3 

ca. 6*5 

10 

24 

20 

26 

10 

7*0 

14 

46 

14 

24 

30 

7*5 ... 

19 

52 

17 

36 

90 

8*0 

17 

49 

20 

45 

270 

8*5 


_ 

18 

38 


showed that it was not less than 7* 5-8*0 at the salt 
concentrations normally used in this work. When 
the NaFICOg concentration was increased to 0*27 M. 
to give pH 8*5 in equilibrium with 5*7 % COg (NaCl 
being added to other vessels to maintain the same 
total salt concentration) the usual lag before fer- 
mentation reached its maximum rate was prolonged 
for at least J hr., but in the 2nd hour the optimum 
pH both for total fermentation and for the increase 
due to added pantothenate was 8*0. Under these 
conditions almost exactly 1 mol. gas was produced 
at the optimum, while at pH 8*5 little more than 
half as much was obtained, and at pH 7*0 little 
more than one -thud. These figiues must be accepted 
with caution, however, since cessation of fermenta- 
tion was not shown to be due to exhaustion of 
substrate, and injury of the enzyme system at 
slightly unfavourable pH values by the high salt 
concentration w^as not excluded. At the lower salt 
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was at least doubled, the rate of Og-uptake did not 
fall so much and had not fallen to zero when 1 mol. 
had been taken up. This experiment was carried 
out in phosphate buffer. With repetition of the 
experiment (Table 11) further information was ob- 
tained by determining the disappearance of acid 

Table 11. Relationship between pyruvate disappear- 
ance, R.Q. and acid disappearance, with and 
without added pantothenate 

(Bacteria from 300 ml. amino-acid medium in 5 vessels. “ 
1*67 ml. suspending fluid per vessel. 20 min. at 37° to 
reach equilibrium with 5*7% COg in air before making 
observations.) 

[il. reactant per vessel 

^ ^ 

No pantothenate 10"® if pantothenate 


Initially 

Pyruvate 481 
Bound COo 813 
Total OOo “ 832 
0 . “ - 


Change 
after 
4 hr. 

-465 
+ 75 
+ 572 
-307 


Initially 

431 

832 

879 


Change 
after 
2 hr. 


Change 
after 
4 hr. 

-423 
+ 216 
+ 769 
-525 ^ 


E.Q. 

+ and - 
respectively. 


1-86 1*61 1*00 
3 indicate appearance and disappearance 


and formation of COg by the method of Dickens & 
Simer [1931] with NaHCOg as buffer. Without 
added pantothenate the average b.q. over a 4 hr, 
period, during which all the pyi'uvate disappeared, 
approached the value 2*00, i.e. that for oxidation 
to acetate, though some furtlier oxidation did occur. 

''.27 yi 
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With pantothenate the r.Q. was lower, even in the 
first 2 lir. (during which ail the pyruvate dis- 
appeared), while in the second 2 hr, the data corre- 
spond to complete oxidation of some of the acetate 
presumably formed earlier. Unfortunately, the only 
evidence for the effect of pantothenate on pyruvate 
disappearance was that a smaller amomit remained 
at the end of equilibration. 

DISCUSSION 

The evidence produced shows that the effect of 
pantothenate on metabolism was not confined to 
the oxidation of pyruvate to acetate, since a definite, 
though smaller, effect on 0 2 -uptake was seen after 
no measurable amomit of pyruvate remained 
(Table 10), and possible degradation products of 
pyruvate such as acetate or" formate themselves 
gave an effect on 02 -uptake, (Table 4). Dorfman 
ei al. [1942] concluded that the action of panto- 
thenate may not be confined to that on pyruvate 
oxidation, though the bulk of their evidence was in 
favour of the idea that pantothenate acts on the 
conversion of pyruvate to acetate. It is a matter 
for future work to decide if the effect on 02 -nptake 
in the presence of acetate or formate is indirect. 
From this point of view the study of formate oxida- 
tion might be especially interesting since it pro- 
moted moderate O 2 -uptake which was initially inde- 
pendent of pantothenate^ In this connexion the 
experiments of Krebs [19376] on the interaction of 
formate and fumarate in Esch. coU might be rele- 
vant. An indirect action, linked with the pyruvate 
system, did seem likely with the C 4 and C 5 dicarb- 
oxylic acids, on accomit of their effects both on 
0 2 -uptake in the presence of pyruvate (Table 6 ) 
and on the fermentation of pyruvate (Table 6 ). 

Whatever the role of pyruvate, however, in the 
oxidation of other substrates, quantitatively it was 
certainly the most important substrate influenced 
by pantothenate. Other vitamins are known to be 
concerned in pyruvate metabolism : (a) Aneurin as 
its pyrophosphate is concerned ultimately in pyru- 
vate breakdown, though so far there is no agree- 
ment as to its precise function [cf. Barron, Lipton 

Goldinger, 1941; Krebs & Eggleston, 1940; Lip- 
mann, 1941; Quastel & Webley, 1941; Smjdih, 
1940]. ( 6 ) Nicotinic acid as diphosphopyridine nu- 
cleotide is concerned in the equilibrium between 
pyruvate and lactate, and also with that between 
oxalacetate and malate which, according to the 
views of Krebs & Eggleston [1940] and Smyth 
[1940], may be involved in pyruvate metabolism, 
(c) Riboflavin as riboflavin-adenine dinucleotide 


may be concerned in the later stages of H -transport, 
as in Lactobacillus delbrucJcu [Lipmann, 1939], 
though not directly concerned in substrate activa- 
tion. Pantothenate should now be added to these 
as a component of pyruvate oxidase, though it has 
not been shown to play a part in the cell-free 
preparations from Lactobacillus delbrucMi [Lip- 
mann, 1939] and Esch. coli [Still, 1941]. Its partici- 
pation, however, was not excluded since it was not 
shown that the preparations were free from panto- 
thenate, and it is likely that the treatment was not 
drastic enougli to release this factor from any 
protein with which it may have been bound. 
Pantothenate is known to be bound in liver, one 
of the richest natui^al sources, and is freed by auto- 
lysis [Williams, 1941; Williams, Truesdail, Wein- 
stock, Rohrmann, Lyman & McBurney, 1938], but 
there was no autoljl^ic process in the preparation 
of the enzyme of Lipmaim or that of Still. 

' SUMMARY 

1 . In washed suspensions of Proteus morganii 
grown with suboptimal supplies of pantothenate, 
the addition of pantothenate increased the aerobic 
metabolism of pyruvate to a greater extent than 
that of 15 other substrates and the anaerobic 
metabolism of pyruvate more than that of nine 
other substrates tested. • 

2. The substrates which gave increases in Og- 
uptake approaching that with pjo^uvate were six 
C 4 and C 5 dicarboxylic acids, and lactate. Little or 
no fermentation of these substrates, or of malate 
or glycerol, was detected manometrically, but all 
(except lactate, which was not tested) were shown 
to increase the rate of fermentation of pyruvate. 
With the C 4 dicarboxylic acids, including malate 
but not succinate, the increase was several-fold. 
With glutamate, a-ketoglutarate, aspartate or oxal- 
acetat© (and possibly succinate) as substrate, the 
increase in the O 2 -uptake promoted by panto- 
thenate tended to occur at the expense of that 
similarly promoted with pyruvate as substrate. 

3 . With glucose as substrate, fermentation was 
practically unaffected by pantothenate, and O 2 - 
uptake was increased only in the later stages, 
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Micro-method for Estimating Vitamin A by the Carr-Price Reaction 
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In the micro -determination here described an at- 
tempt has been made to eliminate errors due to 

u w E DC BC A 


CA} 


• 450 wm 


Fig. 1. Photographic aiTangement. A, light source, two 
100 W. coiled coil bulbs. R, space for filters: (1) ‘Calorex’ 
2 mm.; (2) ‘Signal green’ 1mm. (manuf. by Messrs 
Chance, 10 Princes St, S.W. 1). G, diffusing glass 2 mm. 
D, reaction tube and standard tubes. B, Wratten 26 red 
gelatin filter. F, enlarging lens at suitable distance to 
give image of tubes of about natural size. G, slit, 3*5 mm. 
wide, ill front of slide which is moved in vertical direction. 
H, slide. 

fading, differences in the colour of test and standard, 
and interference by non-specific absorption. The 


tube containing the reaction mixture is photo- 
graphed in light of a selected wave-length range 
together with a series of standard tubes of equal 
dimensions (see Fig. 1), and the photographic film 
is analysed by means of photpelectrie photometry., 
The advantages of this method are: (1) the working 
range is between 0*06 and 0*4 i.u. vitamin A in a 
sample; such small amounts cannot be determined 
by photoelectric colorimetry in the usual way, but 
it is necessary to work in this range when making 
serial investigations on the blood of small animals 
and is convenient in investigations on hmnan 
beings ; (2) rapid mixing is ensured as a consequence 
of the small volume of the reacting liquids (0*02 mi. ) ; 
(3) a record of the colour produced can be obtained 
as early as 2 sec. after the initiation of the reaction, 
and its course can be followed phot ographicaliy 
wnth accurate timing, thus avoiding the lag of 
galvanometer readings in photoelectric methods 
[Dann & Evelyn, 1938; Yudkin, 1941]; (4) the 
readings are independent of fluctuations in the light 
source during the reaction. 
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A (ietaiieel, study of the error due to fading in the 
Carr-Price reaction is presented below. The prin- 
ciple of the method is generally applicable to 
measui’ement of colour in small volumes. 

experimental 

Determmation of vitamin A 

Standards. Vitamin A. Any stable substance 
which has an absorption maximum in the region of 
620 mft is suitable as a, standard. Solutions of 
ciiprammonium sulphate in water were prepared 
ranging from 2*145 to 0*167 g. CuS 04 . 5 H 20 / 100 ml., 
decreasing regularly by 20%. The solutions 
contained 6 ml. cone. NH 3 (sp. gr. 0 * 88 ) and 15 g. 
(NH 4 ) 2 S 04 /g. CUSO 4 . 5 H 2 O. The (NH^jgSO^ stabil- 
izes the colour in the presence of traces of alkali 
from the glass. Quantities of 0*04 ml. were mea- 
sured into small glass tubes measuring 2 mm. inside 
diameter, 2*9 mm. external diameter and 30 mm. in 
length, and these were then sealed. The fused end 
was sufficiently flat to give a negligible error in the 
height of the colmmi of fluid calculated from 
volumes exceeding 0*01 ml. The height was mea- 
sured on a mirror scale and 0*3 mm. was added for 
the volume of the meniscus. The average diameter 
of 10 tubes cut from one piece of tubing varied less 
than ± 0*5 % ; the variation was ± 1 % in two series 
of tubes. In order to eliminate differences in the 
diameters of individual tubes correction factors 
were applied to the concentrations. The standards 
■were calibrated with solutions of vitamin A- 
naphthoate ( 2-22 i.u,/ml. after addition of the 
reagent). Original solutions in arachis oil of 1000 i.u. 
vitamin A-naphthoate and of SOOfjLg. ^-carotene/g. 
were supplied by British Drug Houses, Ltd. 

^-Carotene. Standard tubes were prepared as 
described for the vitamin A standards and filled 
with solutions of K 2 Cr 207 , containing 1 ml. cone. 
HCl (sp. gr. M8)/150mg. in concentra- 

tions from 0*595 to 0*01865 g./lOO ml. This standard 
matches well with solutions of carotene and extracts 
of human and rat blood and rat liver in light 
petroleum when compared visually in daylight 
without light filters through the range of l*2-36//.g. 
^-carotene/ml. Acid bichromate neutralizes any 
alkali which may dissolve from the glass and 
its colour is nearer to that of carotene than bi- 
chromate. Calibration was carried out with solutions 
pure ^-carotene in light petroleum (b.p. 40-60°). 
Fig. 2 shows the calibration curve as obtained by 
visual comparison in daylight. The smallest amount 
estimated was 0*004yig. carotene in 0:003 ml. 

Procedure. The reaction tube was made by joining a piece 
of glass tubing of a diameter equal to that of the standards 
to a wider glass tube of 7 mm. inside diameter, and fusing 
the narrow tube at such a distance as to provide a length 

to give it a flattened 


end. The extract freed from water was pipetted into the 
reaction tube and the solvent evaporated in a stream of Ng 
in a bath at 50-55°. The wall of the tube was repeatedly 
rinsed with small amounts of light petroleum (40-60°) and 
the latter evaporated off. After addition of 0*005-0 -03 ml. 
of light petroleum the tube was stoppered and centrifuged. 
The volume of the solution was calculated from the height 
of the column, allowing 0*3 mm. for the meniscus. The 
/3-carotene layer was then mixed with the light petroleum 
and the carotene estimated by comparison with the bi- 
chromate standards. For many purposes no greater accu- 
racy than ± 5 % is required and comparison by the eye is 
sufficient. Greater accuracy could be obtained by photo- 
metry, as will later be described for vitamin A. 

The light petroleum was then evaporated in a stream 
of Nq. With extracts of blood it. was sometimes necessary 
to transfer this solution from the small amount of pre- 
cipitate present into another reaction tube with as little 
light petroleum as possible (0*04 ml). The residue was 
taken up three times with pure CHOI3, evaporated to 
dryness to remove all light petroleum, and finally dissolved 
in 0*005-0*015 ml. CHOI3. Acetic anhydride was added by 
capillary pipette to give a final concentration of 1-1*5% 
and the tube kept stoppered until the SbClg reagent was 
added. The acetic anhydride forming the bottom layer was 
then mixed with the solution and the reaction tube put in 
position as shown in Fig. 1. The SbClg reagent (saturated 
solution in CHCI3 containing 1*5 % ethanol) was added from 
a capillary pipette having a long and very fine point. The 
flow of reagent was controlled by means of a piece of rubber 
tubing attached to the pipette. The point was kept centrally 
and near the surface, and the addition occupied about i sec. 
The volume of the reagent added was equal to that of the 
original solution, and was measured on a mm. scale in the 
horizontal position, 0*01 ml. corresponding to 30 mm. The 
first exposure of 1|- sec. was made 2 sec. after the reagent 
was added. Subsequent exposures of 1 sec. were made b}? 
moving the slide rapidly downwards at intervals of 1 sec. 
with the camera shutter open. The reaction tube w*as then 
stoppered and the volume of the liquid determined. 


0*2 0-3 0-4 0-5 0*6 

% K2Cr207 


Fig. 2. Calibration curve for carotene. 

Fig. 3. Calibration curve for the Carr-Price reaction of 
(a) vitamin A and (b) carotene. 

The photographic films were analysed eloctrophoto- 
metrically under a microscope, A disk with a slit parallel 
to the photogra^phic images to be compared was attached 
to the ocular mounting from which the ocular lens had 
been removed and a photoelectric cell of the barrier-layer 
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type was mounted at the upper end of the microscope. 
By moving the film under the microscope perpendicularly 
to the slit, galvanometer readings w'ere obtained alternately 
for maximal transmission through the film (corresponding 
to maximal light absorption in a tube) and for the back- 
ground of the film. The difierences between the readings of 
the maxima and the background were plotted against the 
concentration of CUSO4 in the standards, and the unknown 
value was lead from the line connecting the values for the 
standards. This approximates to a straight line under the 
conditions used (Fig. 2). It is essential that the background 
be evenly illuminated. Photometry of three or four adjacent 
tubes in the range of the unknowm concentration is suffi- 
cient. Fig. 3 a shows the calibration line obtained with 
vitamin A-naphthoate. The arachis oil containing the 


The fading error in the Carr -Price reaction 

It is generally accepted that the maximiim colour 
of the Carr-Price reaction is proportional to the 
vitamin A present. Spectrographic examination 
confirms this view. Notevarp & Weedon [1936] 
showed that the blue colour obeys Beer’s law. 
McFarlane & Sutherland [1938] achieved excellent 
agreement (average error 1 %) between the two 
methods in analyses of fish -liver oil concentrates, 
but the error was greater with the oils themselves 
(average error 6%). Jensen & With [1939], ana- 



(/) (?) (^*) 


Fi<y. 4. Fading of Carr-Price colour given by different preparations with vitamin A activity, {a) Vitamin A-naphthoate: 
0 0*380 iu. (16*7 i.u./ml.); 0 0*283 i.u. (12*9 i.u./ml.). (h) /3-Carotene: 0*77^g. (35*5p.g./ml.). (c) Blood extract : 
0*135 i.u. vitamin A (5*55 i.u./ml.); 0*143 /4g. carotene (5*9^g./nil.). {d) Blood extract with low concentration of 
vitamin A and high concentration of carotenoids: 0*054 i.u. vitamin A (2*9 i.u./ml.) ; 0*337 p,g. carotene (16*7 /zg./mL). 
(e) Rat-liver extract: 0*264 i.u. vitamin A (13*0 i.u./ml); 0*041 jLig. carotene (2*0^g./ml.). and {h)i calculated 

fading curves. 


vitamin A-naphthoate was diluted with light petroleum 
and aliquots were treated as described for extracts. The 
equation of the calibration line w^as found to be 

2/=:18*25a:-l*03, 

a: being the concentration of CUSO4.5H2O as a percentage 
and y the concentration of vitamin A in i.u. The standard 
deviation was ±: 3*3 % in the range of 4-22 i.u./ml. With 
concentrations approaching 2 i.u./ml, corresponding to 
0*04 i.u. in 0*02 ml. of reaction mixture, the error gradually 
rises to ±15%. 


lysing livers of mammals, birds and man, give the 
values foundfor 328 mp. as 2*70, 2*63 

and 2*75 respectively, with o*= 0*404, 0*436 and 
0*406, where represents the extinction 

coefficient of the Carr-Price reaction mixtm’e (light 
filter S61) and 328 the extinction coefficient 

for light of wave length 328m/x. 

Variable fading I’ates have been\ observed by 
Dann & Evelyn [1938] not to affect the maximum 
colour intensity; and Meunier & Raoul [1938] 
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suggest that they may serve_ as - additional criteria 
for distinguishing vitamin A from vitamin Ag. 

No mformatioii could he found concerning colour 
development during the first min. ■ after^ the start 
of the SbCls reaction. This was studied by the 
metliod described above in samples of pure vitamin 
A-iiaphthoate and ^-carotene, and in extracts of 
human blood and rat liver. If the maximum colour 
is reached before fading starts, these curves (Fig. 4) 
indicate a variable onset of the latter and variable 
rates of fading. If, however, fading begins as soon 
as the coloured compound is present, i.e. at the 
time of adding the reagent, the ideal maximum is 
never reached, but its value could be calculated by 
applying a correction, derived from the fading rate, 
to the observed maximum. 

The calculations are based on a first order type 
reaction ciuve both for colour development and for 
fading in the neighbourhood of the maximum. The 
fading rate is assimied to be proportional to the 
concentrations of the molecules of vitamin A which 
had reacted with the SbClg, giving the blue colour. 
The relation between observed blue coloiir, ex- 
pressed as percentage of the maximum colour as- 
suming that no fading has taken place, and the 
time, is given by . 


the solution of the differential equation 
dxjdt = • 

where a; = concentration of vitamin A as ehromo- 
genic compound, = concentration of vitamin A at 
the beginning of the reaction, h-^ = reaction constant 
of the colour development, irg = constant 

of the fading reaction, t = time in sec. 

The values of the ordinates corresponding to a 
series of finite exposures as used in these experi- 
ments (IJ and 1 sec.) were calculated from 


Fig. 4 shows curves (/, g and h) calculated by means 
of this formula, with varying values for Ajj and 
in which the ordinates represent the values for 
100a?/ho expressed as percentage of the highest value 
for 100;r/ao obtained. 

It is possible to estimate directly from the 
slopes of the experimental curves at their points of 
inflexion after tl^e maximum, when colour forma- 
tion has practically stopped. From this figure and 
the value of the ordinate obtained at the first 
reading, can be determined by the formula, and 
with it, theoretically, the time of the true maximum. 

k^ was 0*018 ±0*003 for vitamin A-naphthoate 
and 0*005 for carotene. Wide variation from 0*003 
to 0*1 was observed with extracts from various 


sources. The value of the first ordinate in 55 experi- 
ments ranged from 90 to 100% of the maximiun 
value fomid. The accuracy of the determination of k^ 
was limited by the practical difficulty of ensuring ' 
complete mixing within 2 sec. 

When k-^ is taken' as 0*7 and k^ as 0*01, the first 
ordinate works out at 88*5% of the maximum. 
Where k-^^ is 0*7, or greater, and k^ is 0-01, or greater, 
the position of the maximum according to the above 
formula must be at or earlier than 6 sec. after 
reaction. The positions of all maxima were foimd 
to fulfil this condition. 

In dilutions below 4 i.u. vitamin A/ml. the curves 
often deviate from the calculated, the fading con- 
stant being greater at the beginning than would - 
correspond to the value found at 22 sec. after 
reaction. The effect was not detected with concen- 
trations above 4 i.u./ml. or with solutions of 
vitamin A-naphthoate. It may be caused by inter- 
fering substances in the blood. Agreement is ob- 
tained between cuives calculated with = and 
experimental curves for concentrations greater than 
4 i.u./mh, but the validity of the formula derived 
needs further test on account of the uncertainty of k -^^ . 

Table 1. The estimation of vitamin A and caro- 
tenoids and the fading rate of the Oarr-Price colour, 
with two concentrations 

Cone, in blood 





per 100 ml. 






serum or 


% fadijig 



Cone, in 

plasma 

Serum 

for 


Vol. of 

reaction/' 




^ or 

vit. A at 


reaction 

mixture 



plasma 

22 sec. 


mixture 

i.u, vit. 

i.u. 

caro- 

used 

after 

Subject 

ml. 

A/ml. 

vit. A 

tene 

mi. 

reaction 

I.V. 

0-0199 

2*1 

51 

57 

0*081 

45 


0*0213 

3*6 

49 

55 

0*156 

33 

M. 

0-0184 

1*24 

25 

32 

0*09 

— 


0-0195 

2*59 

28 

31 

0*18 

,, — 

B. 

0*0177 

2*67 

53 

64 

0*09 

_ 


0*0189 

4*50 

47 

73 

0*18 


A.B. 

0*019 

4*37 

103 

90 

0*081 

24-3 


0*0213 

7*52 

103 

90 

0*156 

18-2 


0*0187 

5*27 

97 - 

78 

0*102 

5*5 


0-0216 

7*24 

87 

83 

0*18 

, 8 

E.B. 

0-021 

2*92 

;76 

97 

0*081 

43 


0-0195 

6*3 

78 

95 

0*156 

32'/ 

D.M. 

0-0187 

6*52 

135 

87 

0-09 

7 


0-0186 

12*7 

131 

89 

0-JS" 


I.B.M. 

0*021 

4*12 

85 

90 

0-1U2 



0*0196 

7*55' 

82 

89 

0*18, 


W. 

0*0177 

2*66 

52 

74 

0-09 

11*7 


0*021 

3*64 

43 

78 

0-18 

14-5 


The observation that the percentage ffiding mea- 
sured by the value at 22 sec. in two different con- 
centrations of an individual extract is nearly the 
same (Table 1), may be taken as evidence of a first 
order type of fading curve. \Wietlier the mechanism 
of the fading reaction is unimolecular or wiiether 
it is bimoleeular with a second constituent in excess 
was not investigated. 
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It is of practical interest to Imow whether correc- 
tions should be applied to the maximum colour 
value observed in samples that fade at different 
rates. Table 2 gives the calculated maximum values 


that described for vitamin A (Fig. 36). Values for 
concentrations lower than 8ftg. carotene/ml. were 
too small to be measured accurately. For the pur- 
pose of correcting the Carr-Price values of extracts 


Table 2. Calculated corrections to maxima, rexiched with different values of Ic-^ and 


0-005 0-01 

r~~ — f ' 

ki Max. Corr. /22 Max. Corr. /22 

0- 8 97-2 -6 5*1 94-5 -3-5 14-0 

1- O 97-7 -5 0-9 95-3 -2-5 15-1 


0-02 0-03 

^ A ^ A ^ 

Max. Corr. Max. Corr. Aa 

90-9 +0-5 27-5 87-6 . + 4 38-7 

92-3 +0-5 28-9 89-4 +4 40-4 


0-05 0-1 

^ ^ ^ ^ ^ 

Max. Corr. /22 Max. Corr. /22 

82-9 +10 57-2 73-4 + 24-5 82 * 7 ' • 

^ 84-5 +10 58-5 76-6 + 21-5 83-9 


Max. = calculated ruaximum value of colour as percentage of theoretical total, without fading. 
Corr. = corrections to experimental maximum values as percentage. 

A 2 = fading 22 see. after reaction as percentage of the maximum. 


as percentages of the theoretical values without 
fading (1st columns), and the corresponding correc- 
tions for samples whose constants of fading differ 
from those of vitamin A-naphthoate (2nd columns). 
The 3rd columns give the percentages of fading 
22 sec. after reaction. 

The distribirtion of the constants of fading in 
33 blood extracts is given below. These figures were 
calculated from the values for the blue colour due 
to the vitamin A, and it was assumed, though not 
quite correctly, that the yellow colour of the ex- 
tracts was entirely due to jS- carotene. P ossible differ- 
ences in fading rate of the blue colour formed with 
^-carotene with various extracts were disregarded : 

kn <0-005 0-005- 0-01- 0-02- 0-03- >0-04 

0-01 0-02 0*03 0-04 

No. of 2 4 11 14 2 0 

samples 

The corrections for the majority of extracts from 
blood are within ± 5 % (see Table 2), and so they 
need not be applied for practical purposes, but with 
fading rates greater than 7^2 = 9*05 the observed 
maxima yield values w^hich are appreciably too 
low, and corrections are necessary. 

The correction for ^-carotene in the Carr-Price reaction 

The blue colour given by carotene with the Carr- 
Price reagent was measured in the same w'ay 'as 


containing carotene the calibration line was extra- 
polated graphically to reach the point where the 
calibration line for vitamin A crosses the abscissa, 
and this value, 0-056% CuBO^ . 6B.fi, was sub- 
tracted from all figures of the calibration curve for 
carotene. The reason w^hy the calibration line for 
vitamin A does not reach the zero point may be a 
smaller light transmission of the control compared 
with that of water. 

SUMMARY 

1. A photographic device for the measurement 
of the Carr-Price reaction is described. 

2. The rates of fading with different extracts 
were studied, and the corrections w^hich it is neces- 
sary to apply to the values obtained were deter- 
mined. 

3. If the concentration of vitamin’^A in the blood 
is calculated from the observed maximum colour 
without correction for fading the error will generally 
not be greater than 5%. 

I wish to thank the authorities of the Hay meads Emer- 
gency Hospital, Bishop’s Stortford, and of the Eondon 
Hospital for the facilities which made this work possible and 
the British Drug Houses, Ltd. for preparations of vitamin A 
and carotene. 
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The Effect of Prolonged Administration of Carotene in the Form of 
Vegetables on the Serum Carotene and Vitamin A Levels in Man 

By H. HOCH (Freedom Research Scholar), From the Haymeads Emergency Hospital, Bishop's Stortford 

(Received 16 March 1943) 


Few systematic investigations of the effect of pro- 
longed administration of carotene on the blood 
level of carotene and vitamin A have been recorded. 
Kaiiffmann & v. Drigalski [1933] fomid that with 
continued administration of carrot juice to human 
subjects a maximmn concentration of serum caro- 
tene (0-27 mg./lOO ml.) is soon reached. Vitamin A 
levels were not investigated. 

Wendt [1935] confirmed the occurrence of maxi- 
mum values for carotene in blood in spite of con- 
. tinned carotene intake. The serum vitamin A, which 
at first rose, fell again on continued administration 
of carotene. 

Balli, Pariente, Brandaleone & Davidson [1936] 
administered various doses of 0-3 % carotene in oil 
daily for 2-4 months to normal and to diabetic 
persons. With the higher doses the sertun carotene 
rose to 0*403 and 0*680 mg./ 100 rhl. in one normal 
and one diabetic subject respectively during the 
period of dosing, and then in the normal subject 
further to 0*486 mg./ 100 ml. during the following 
7 days. There was clinical evidence of ^ carotenaemia ’ 
ill diabetic patients when the level had risen above 
0*500 mg./lOO ml. Carotenaemia was not noted in 
normal persons. The vitamin A levels were not 
investigated. 

The present investigation deals with the effect 
of prolonged administration of different amounts 
of carotene in the form of vegetables on the serum 
carotene and vitamin A levels in healthy human 
subjects. The circmnstance that practically all food 
containing preformed vitamin A is rationed fa- 
voured this experiment, since the vitamin A intake 
could vary only within fairly narrow limits. 


EXPERIMENTAL 

The serum level of carotenoids and vitamin A w^as 
established in three females and two males during 
periods of 14-87 days prior to the feeding period. 
Exp. 1 and 2 were started in March 1942 after 
several months of a diet comparatively poor in 
carotene and vitamin A. The other three experi- 
ments were done during the summer. The duration 
of the diets with a high carotene intake ranged from 
14 to 77 days. Determinations of carotene and 
vitamin A in the food w^ere not carried out, but as 
it seemed desirable to have figures which would 
reflect the dietary fluctuations in these substances, 
detailed records of the diets were made weekly and 
the total consumption of carotene and vitamin A 
was calculated from the data shovm in Table 1. 
The rationed food -was considered separately and 
the deviations from the basal spring ration (ap- 
proximately 10,000 i.u./week) were plotted on the 
charts as fractions of the total. The higher values 
for the vitamin A intake are due to the greater 
allowances of milk and cheese diuing the summer. 
The uncertainty as to the figui’es for the carotene 
content of the vegetables is greatest with those 
which entered the records as ‘greens’. It is indi- 
cated by the shaded areas in the diagrams, the 
assumption being made that the biologically avail- 
able carotene content might vary between 3000 
and 9000 i.u./lOO g. 

In Exp. 1, 2 and 4 serum w^as analysed which 
had been obtained by finger prick from fasting sub- 
jects in the morning. In Exp. 5 blood was drawn 
from a vein and the plasma was analysed. In 


Table 1. Relative vitamin A activity of foods 


(«') Vegetables 

From ‘The vitamin A value 
of carotene in vegetables’ 
[Graves, 1942] 

i.u./lOOg. 


Spinach 12,000 

Watercress 12,000 

Broccoli leaves 12,000 

Carrots 7,500 

Lettuce 3,000 

Tomatoes 3,000 

Brussels sprouts 1,700 

Peas 1,000 

Cabbage 1,000 

French beans 70Q 


Butter, 2 oz. 
Margarine, 4 oz. 
Milk, 3 pt. 


Cheese, 2 oz. 
Egg,l 


[Jeghers, 1937] 


(h) Rationed foods 


i.u./week 

3000 [Coward, 1938] 

2000 

3900 Calculated from the above figure for butter, as- 
suming 86-85% fat in butter [W'inton & Vinton, 
1937] and 3-75% fit in milk [Coward, 1938] 

420 [Davies & Moore, 1939] 

400 [Cruikshank, 1941] 
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Exp. 3 and 5 the samples were taken 2-3 hr. 
after breakfast. Analyses were made once a 
week or oftener. Carotenoids and vitamin A 
were estimated colorimetrically as described by 
Hoch [1943]. The carotenoids were expressed as 
j(xg. /3-carotene and the vitamin A as i.n./lOO ml. 
serum or plasma. Carotene and xanthophyll were 
not determined separately, although in Exp. 1 and 2 
considerable portions of the carotenoids in blood 
may have been xanthophyll, due to the ingestion 
of spinach. 

Method of extraction. The method used by Skurnik 
& Suhonen [1939] for the extraction of liver was 
employed, with modifications which prevent the 
presence of a protein precipitate at the beginning 
of the extraction with light petroleum; a heavy 
precipitate may impede the extraction of caro- 
tenoids and vitamin A [Yudkin, 1941]. To 0-08 (or 
0*157) ml. of serum, contained in a narrow centri- 
fuge tube (8*5 X 95 mm.) were added first 0*012 (or 
0*024) ml. 40% aqueous KOH, and 
then, gradually, absolute ethanol 
to a final concentration of 30 %. 

The air in the tube was replaced by 
JSTa and the tube was stoppered with 
a cork, fixed tightly to the tube with 
a loop of string, which itself was 
held in its place on the tube by a 
piece of rubber tubing. The mixture 
was heated in boiling water for 
5 min. The tube was centrifuged to 
remove condensed material from 
the edge of the stopper before 
being opened, about 2 ml. of light 
petroleum (b.p. 40-60°) were added 
and the tube was then shaken for 
10 min. The light petroleum was 
transferred to another tube of the 
same size with a special pipette (Fig. 1). Pipettes 
of this shape proved useful for the transfer of 
volatile fluids, the spilling of fluid from the pipette 
by too strong suction being prevented by the 
double bend. To the alkaline serum-ethanol 
mixture in the first tube absolute ethanol was added 
to raise the concentration to 50%. The mixture 
was agam heated, imder Ng, for 1|- min. The tube 
was centrifuged and, after addition of about 2 ml. 
light petroleum, was shaken as before. The pooled 
extracts were washed three times with distilled 
HgO, once with about 2N HCi* and again three 
times with HgO. The layers were separated by 
centrifuging and the bottom layer was removed 


with the pipette which had been used for trans- 
ferring the light petrolemn. The extract was then 
dried over anhyd. Na 2 S 04 , evaporated to dryness, 
taken up with light petroleum and analysed for 
carotenoids and vitamin A. 

Fig. 2 and 3 illustrate the results obtained in 
Exp. 1 and 2. The average intake of vegetable 
sources of carotene was lb. of carrots/day or its 
carotene equivalent in other vegetables, mainly 
spinach (see Table 1), for periods of 63 and 77 days. 



Fig. 2. Exp. 1. A.B., $, 24 years; < period of 

average weekly intake of about 120,000 i.u. of carotene, 
mainly as carrots and spinach. 



Fig. 3. Exp. 2. E.B., $, 24 years; < ^ period of 

average weekly intake of about 120,000 i.u. of carotene, 
mainly as carrots and spinach. 

The carotene level of the serum showed an increase 
from 60 to about lOO/xg./lOO ml. in the period 
before extra carotene was given, due to increased 
intake of vegetables in the free diet. It then in- 
creased further to about, 150 jag. and this level was 
maintained during the period of carotene feeding 
with fluctuations parallel to the intake. On dis- 
continuation of the surplus of vegetables the caro- 





Fig. 1. Pipette 
for transferring 
volatile Uquids. 



* In a few cases, previous to the use of HCl at this stage, 
turbid reactions were obtained with the SbClg reagent in 
spite of the presence of acetic anhydride. With the pro- 
cedure described here, the reaction mixture was always 
optically clear. The absence of the Tyndall effect was- 
ascertained in every case. 


tene level fell slightly (to 115 and OGjug.) in Exp. 
T and 2. In Exp. 5 the plasma-carotene values 
varied betw-een 120 and 160 /xg. before and during 
the feeding period and between 150 and 1 80 jug. 
after the feeding period. ’ . 


H. HOOH 
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. Tlie serum vitamin A level started to. rise, appa- 
rently within the fii‘st 2 weeks of the feeding period, 
in Exp, 1 and 2, The .average value changed in 
Exp. 1 from 102 before, to 147 i.u./lOOml. after, 
the feeding period, and in Exp. 2 frona 71 to 
105 i.u./lOO ml. The vitamin A level remained un- 
altered in Exp, 5 at about 150 i.u./lOO ml. 

A different reaction was observed in Exp. 3 and 4 
(Fig. 4), in which the diet was supplemented with 1 lb. 
of carrots daily for 25 and 32 days respectively. The 
carrots were included in the meals and consumed 
together with about 3 % of margarine or butter. 
They were steamed or otherwise cooked, or (Exp. 4) 
grated, and steamed with the margarine for 30-40 
min. The carotene level rose continuously till the 
19th and 20th day to 375 and 470/xg./100 ml. At 
this time the rate of increase of the sermn carotene 

Vitamin A content of scrum 


Pigmentation 

i of scrum 

i - 400H 


iCarotene ^ 

I level | 300l 


i 8 300,000 

• odroienu 

1 1 300,000 

- 


■s 

i;| 200,000 

: rp 

|_| 200,000 


“T 

! s 100,000 

>. +i 


.i 8 100,000 


-i 


Fig, 4, Exp, 3. N.E.H., 29 years. Exp. 4. H.H., 

38 years. < > period of average weekly intake of 

about 240,000 i.u. of carotene as carrots. 

slowed dovm considerably in spite of continued 
intake of carrots for further periods of 6 and 12 days 
. The level remained high in case 4 for 
further 4 days and it fell in both cases first at a 
rapid rate, then more slowly. The highest levels 
reached were 383 and 557 jLtg./lOO inl. The vitamin A 
levels fluctuated aroxmd 143 and 155 i.u./lOO ml. 
during the whole experiment. 

At about the time at which the initial rate of 
increase in the level of carotene changed, the skin 
of both subjects became yellow, the' pigmentation, 
particularly of the face and hands, being intense 
on the 20th and 26th day respectively.. The sclera 
showed no discoloration. The pigmentation per- 
sisted with decreasing intensity for more than 
16 days after discontinuation of. the carrots in the 
diet. 


DISCUSSION 

The concentration of carotene in the serum must 
depend on the difference between its rate of uptake 
into the blood and its rate of elimination, which 
might include chemical destruction, excretion, and 
deposition in stores or in tissues where it is con- 
verted into vitamin A. 

The statement that with a moderate intake of 
carotene the serum carotene fluctuates with the 
intake was confirmed in the present experiments. 
In two cases, ho-wever, in which there was a high 
intake of carrots (Fig. 2), some characteristic fea- 
tures of the- carotene curves obtained allow the 
following interpretation. 

The increase in serum carotene was very nearly 
linear duriag the first part of the feeding period. 
This steady increase makes it probable that the rate 
of uptake into the blood, as well as the rate of 
elimination,, was constant. The time at wdiich the 
bend of the ciu've occirrs, after the ascending part, . 
coincides almost exactly with the visible deposition 
of carotene in the skin. Assuming that this deposi- 
tion, together perhaps with a deposition in other 
less common sites, started while the other mechan- 
isms remained essentially unchanged, then its rate 
must be smaller than, or, at the most, equal to, the 
initial rate of increase. The total amounts thus 
calculated to be deposited daily in these new sites 
are very small compared with the amounts con- 
sumed. 

The bend on the descending limb of the cinwe, 
after the almost linear fall for 10 and 8 days respec- 
tively, indicates an additional output of carotenoids 
from stores. The slow fading of the visible pig- 
mentation, together with the abrupt fall of the 
serum carotene after the maximum, suggest a 
much retarded release of carotene from the skin 
and the stores. 

It is remarkable that the levels of vitamin A in 
these two cases, and also in one case with mediiuii 
carotene intake (Exp. 5), did not rise significantly 
above the levels (126, 155 and 150 i.u,/ 100 ml.) 
which were found at the beginning of the experi- 
ments. A significant increase in the serum content 
of vitamin A on feeding medium doses of carotene 
was observed m two cases after a period of low 
vitamin A and carotene intake during the winter. 
The original levels were 102 and 71 i.u,/ 100 ml., and 
the increase seemed to have started within the first 
2 weeks. The intake before the experiment thus 
appears not to have been optimal. The vitamin A 
values were in all cases .within fhe range considered 
as normal. 

SUMMAPvY 

1. The intake of carotene in tine form of spinach 
and carrots in -amounts corresponding to a bio- 
logical activity of 120,000 i.u, /week raised the serum 
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carotenoid content, expressed as jS-carotene, from 
about 100 to 150/>tg./100 ml. in two cases, and from 
120 to- 160jug./100 ml, in a third case. 

2. The vitamin A levels rose in two eases from 
102 and 71 to 147 and 105 i.u./lOO ml. respectively, 
and remained unchanged at about 150 i.u./lOO ml. 
in the third case. 

3. Consumption of amounts of carrots sufficient 
to supply about twice the biological activity pro- 
vided in the first three cases, resulted in a rapid rise 
in the serum carotene content from 120 to 375 and 


470/Ag./100mL within 19 and 20 days respectively. 
Pigmentation of the skin appeared in both cases 
and it was intense on the 20th and 26th days. 

4. The vitamin A levels did not change signi- 
ficantly. The single values fluctuated in the neigh- 
bourhood of 143 and 155 i.u./lOO ml. during the 
whole experiment. 

I wish to thank the authorities of the Haymeads 
Emergency Hospital, Bishop’s Stortford, for the facilities 
which made this work possible. 
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The Vitamin Content of National Flour and Bread — the Results 

of Comparative Tests by Various Methods* 3 

‘■I 

A Report by 

THE VITAIMIN SUB -COMMITTEE OF THE ACCESSORY FOOD FACTORS COMMITTEE 
OF THE MEDICAL RESEARCH COUNCIL AND THE LISTER INSTITUTE 

{Received 20 April 1943) 


\ 

[ At the request of the Ministry of Health, an investi- 

j gation has been made into the merits of the various 

methods available for the determination of vitamin 

*** The following laboratories and investigators took part 
in the tests organized by the Committee: 

(A) F. W. F. Arnaud, County Analyst’s Laboratory, 

‘ Kent. (B) A. M. Copping, Lister Institute of Preventive 

^ Medicine. (C) H. E. Cox, Public Analyst. (D) E. B. 

Dawson, Distillers Co. Ltd., Research Laboratories. 
(E) L. J. Harris and Y. L. Wang, Dunn Nutritional Labo- 
ratory. (F) E. Hinks, Public Analyst. (G) E. B. Hughes, 
J. Lyons and Co. Ltd., Laboratories. (H) G. V. James, 
Roche Products Ltd., Analytical Laboratories. (I) D. W. 
Kent Jones, the Dover Laboratories. (J) S. K. Kon and 
S. Y". Thompson, National Institute for Research in 
Dairying. (K) T. Moran and R. G. Booth, Research Asso- 
ciation of British Flour-Millers. (L) B. S. Platt and G. E, 
Glock, Nutrition Building, National Institute for Medical 

; Research. (M) W. M. Seaber, Consulting and Agricultural 
Chemist. (N) W. Smith, Allen and, Hanbury Ltd., 

; Analytical Dept. (0) F. Wofces and J. G. Organ, ‘Ovaltine’ 

1 Research Laboratories. 

I 

' I 

I 

J 


Bit in national flour, in order to aiTive at the most 
suitable procedures for use in chemical laboratories 
where food analyses are regularly made. The present 
report includes a comparison of chemical with bio- 
logical and microbiological assays. The vitamin Bj 
content of bread made from one of the flours was 
also examined in order to determine the effect of 
baking. 

The flours employed were authentic specimens of 
national flour, i.e. 85% extraction flour as defined 
in the Medical Research CounciPs second report on 
bread [Medical Research Council, 1941]. The bread 
was baked in a batch of 40 loaves of 2 lb. each by 
a usual commercial procedure. The loaves were 
sliced a few hours after baking and the slices placed 
on slatted shelves and dried at 37°. Drying was 
complete in 2 days when the bread, crust included, 
was powdered in a laboratory mill. 

t I.e. aneurin, known as thiamin in the United States 
of America; for the purpose of this report vitamin Bi 
includes aneurin as it occurs in biological materials. 
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METHODS 

Biological 

Early work on wliieli the biological methods are based is 
summarized in the Medical Research Council [1932] report: 
‘Vitamins: A Purvey of Present Knowledge’ (p. 149 for 
‘growth’ and ‘curative tests’ and p. 137 for ‘bradycardia’ 
in rats). The rat-growth method (as employed by Copping) 
was that described by Chick & Roscoe [1929]. The rat- 
growhh method (as employed by Harris), the rat brady- 
cardia method and the ‘cure of convulsions’ method were 
described by Harris [1940-1]. 

Microbiological 

The literature relating to the original observations which 
led up to the fermentation method is briefly reviewed in 
the Medical Research Council [1932] report quoted in the 


1943 

preceding paragraph (pp. 170-1). The method used in the 
present investigation is that of Schultz, Atkin & Pre,y 
[1942]. 

Chemical 

TMochrome method. The two procedures adopted by the 
Sub-Committee are given in full in Appendix A, with 
references to the literature. 

Azo m-ethod. The method used is that described by Platt 
& Clock [1943] and is based on the formaldehyde azo 
method of Kinnersley & Peters [1927], and Prebluda & 
McCollum [1936]. 

RESULTS 

The results obtained in the collaborative tests by 
the various methods employed are set out in 
Table 1. They show that ail methods of estimation 
yield values which are in good agreement, especially 
for the flours. 


Table 1. Vitamin J5i coiitent of national flours and bread determined by various biological, 
microbiological and chemical methods 

(All values are given as jug./g. dry material and are averages of several estimations.) 

Flours 


Method 

Biological: 

Rat growth: d 
, ? 

(i) 

(ii) 

Cure of convulsions 
Bradycardia 

Average 

Microbiological; 

Fermentation 

Chemical. Thiochrome : 
Visual comparison 


Photoelectric 

comparison 


Average 


Chemical. Azo 


Investi- 

gator 

(see 



Bread- 


N.M. 

N.M. 




footn' 

Flour 0 

crumb C 

AGS 60 

116/42 

134/42 

D 

E 


p. 4^ 

4*3 

4-3 

_ 










E 

4-4 

4‘9 

.15 

— 

— 

— 

— 

— 

E 

3*1 

3-3 



— 

— 

— 

— 

— 

B 

4-9 

3-3 

— 


— * 


— 

— 

B 

3-2 

3-0 




— 

__ 

___ 

E 

4-2 

3-2 

— 

— 

— 




E 

4-0 

3-7 

— 

— 

— 

__ 

_ 

— 


4d 

3-2 

— 

3*6 

3*9 

— 

— 

— 

D 

3-5 

3-8 

30 

— 

— 

— 

— 

— 

— 

'C 

I) 

4-2 

34 

— 

4*3 

4*2 

4*2 

3*9 

4*2 

E 

3-3 

— , 

— 

— 

— 

— 

— 

— 

F 

4'0 

3*2 

3*0 

3*9 

3*8 

3*6 

3*4 

— . 

G 

3-5 

2*6 

3*0 

3*5 

3*5 

— 

— 

— , 

. I 

3-6 

3*2 

— 

__ 

— 

. _ 

— 

— 

M 

3-7 

3*1 

3*0 

3*9 

3*8 

3*9 

3*7 

— 


3-9 

2*9 

3*0 

3*4 

3*5 







■■■ I) 

3-6 

2*5 

2*9 

3*9 

3*5 

— 


' — ■ 

. H, 

3-5 

2*8 

2*9 

3*4 

3*5 

— 

___ 

— 

'I 

4*1 

3*7 

— 

3*6 

3*3 * 

— . 

— 

— , 

J 

3*9 

3*0 

3*0 

3*6 

3*6 

3*7 

3*1 

3*8 

■ K 

3*4 

2*5 

3*0 

3*2 

34 

— 

— ' 

— 

N' 

3-7 

3*2 

3*0 

3*3 

3*3 

— 



0 

3*7 

2*9 

3*0 

3*6 

34 

— 

' , — 

— 


4-0 

3*5 

■ 

z 

. — 

— 

— 

•— . 

'■ — 

A 

C 

__ ■ 


— 



4*3 

3*8 


E 

3'6 

.... 


, 

— 

— . 

— .. . 



... p 

3-9 


3*0 

3*8 


■"■.:3*2" 

■' ^3*0' 

3*5 

..a: 

44 

■ — • 

;. — ", 


• — ■■ 

2*8 


".. 

L 

3*9 

■ ^ 

— 

: . 

; ^ 

34. V 

3*3' 

y,3*5. / 



Average 
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VITAMIN Bi IN FLOUR AND BREAD 


The results of a statistical examination of the 
figures given in^Table' 1 are shown in Tables 2 and 3. 
In Table 2 are the values for vitamin for fiour C 
and for breadcrumb C obtained from flour C, as 
determined by the biological and chemical tests. 

Table 2. Comparison of vitamin content {pgfg*) 
of flour G and breadcrumb C 


Biological tests 

CalcLi- 
As re- lated on 
ceived dry wt, 
3-9 44 

3-6 3-9 


Biological tests Chemical tests 

f ^ ^ ^ ^ 

Galen- Calcu- 

As re- lated on As re- lated on 
ceived dry wt, ceived dry wt. 

Flonr C 3-9 44 34 3-9 

Breadcrumb C 3-6 3-9 2-8 3-0 

The average figures given were obtained by weighting 
the various results according to their accuracy. 

The accuracy' of these results has been deter- 
mined and is set out in Table 3. 

Table 3. The limits of error of the results 
given in Table 2 

Biological tests, % Chemical tests, % 

P = 0-95 P=0-99 P = 0-95 P=0'99 

TiourC 76-4-130-9 70-2-142-5 ±1-71 ±2-27 

Bread- 70-8-i41-2 63-5-157-0 ±4*18 ±5-49 

crumb 0 

The difference between values of fiour C and 
breadcrumb C is covered by the error of the test in 
the biological determination, therefore biologically 
they are apparently equal in value; but the differ-^ 
ence in the chemical test is not covered by the error 
of the test, therefore chemically they are apparently 
of imequal value. In other words, there appeared 
to be a loss of vitamin on baking as judged by 
the chemical test, but the biological test was not 
accurate enough to confirm this. 

Only four experiments, two or three observations 
in each by one observer, were made by the fermen- 


tation method, and data were insufficient to make 
any reliable comparison of the accuracy of this 
method with that of the chemical methods. 

The limits of error obtainable by chemical me- 
thods in routine determinations of pure vitamin 
and of vitamin B^ in national flours and bread are 
shown in Table 4. The calculation for pure vita- 
min Bj by the thiochrome visual method was based 
on the results of a series of 24 determinations made 
by Dr Y. L. Wang on one solution of vitamin 
That for pure vitamin Bj by the thiochrome photo- 
electric method was based on duplicate determina- 
tions on 100 different solutions made by Dr R. G, 
Booth. The calculation for the flours and bread is 
based on 61 observations (five observers) for the 
thiochrome method by visual comparison and 80 
observations (seven observers) for the same method 
using photoelectric comparison. There were 22 ob- 
servations (two observers) for the azo method. 

It is doubtful if the photoelectric method is less 
accurate than the visual method; it is certainly not 
more so. It is also doubtful if the azo method is 
more accurate than the thiochrome methods, as 
fewer workers on the former sent in results on 
which to base an estimation of the accuracy of this 
method. 

CONCLUSIOlSr 

The thiochrome and azo methods as used in this 
work are considered to be reliable for the routine 
determination of vitamin B^ in national flour. 

(Signed) R. A. Petbbs (Chairman) 

H. Chick 

K. H. Coward 

L. J. Harris 

B. S. Platt 

T. F. Macrae (Secretary) 

The Committee is indebted to the Research Association 
of British Flour-Mniers for supplying and distributing 
specimens of national flour; to Messrs Matthew, Cambridge, 


Table 4. Limits of error obtamable in chemical determinations of pure vitamin and of vitamin B^ 
in extracts obtained from national flours and bread 

Thiochrome method, % 

A ^ 

f ^ 

Visual comparison Photoelectric comparison Azo method, % 


Pure vitamin Bii* 

P=0-95 

P=0-99 

P=0*95 

P=0-99 

P=0-95 

P=0-99 

In duplicate 

1-97 

2*59 

1*98 

2-60 

2-8 

3-7 

In triplicate 

1-61 

241 

1*62 

242 

2*3 

3*0 

In quadruplicate 

1-39 

1-84 

140 

1-84 

2-0 

2-6 

Flour or bread :t 

In duplicate 

11-2 

14-7 

13-2 

174 

8-9 

11*6 

In triplicate 

94 

12*0 

10*8 

i4'2 

7-2 

9*5 

In quadruplicate 

7-9 

104 

9-3 

12-2 

6'3 

8*3 


* The two sets of results obtained for the comjiarison of the thiochrome and the azo methods, are each the results of ^ 
work done in only one laboratory. The limits of error by the azo method are for an amount of 30pig. Similar values 
have been obtained for amounts of 20-40 /xg. 

f The errors for flours and bread include errors due to differences between laboratories. 
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for baking the bread; to Miss A* M. Copping for drying and 
distributing the bread; to Mr H. W. Ednnersley for sub- 
mitting a memorandum on the technique of the thiochrome 
method; to Dr E. B. Hughes representing the Society of 
Public Analysts and Other ilnalytical Chemists; to Dr 


K. H. Coward and Dr J. C. Irwin for statistical analysis 
of the results ; to the laboratories that carried out the trials 
and to all the observers who have made tests (see footnote, 
p. 433). During the absence of Dr Macrae on active service, 
Dr B. S. Platt acted as Secretary. 
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Appe'iidix A : Thiochrome Method for Estimating Vitamm 
in National Flour and Bread 


The thiochrome test is based upon the work of Jansen 
[1936], who first adapted the oxidative formation of thio- 
chrome to the determination of vitamm B^. Two alter- 
native techniques are here described, which have involved 
in their gradual evolution much labour and reduction of 
experimental dif&eulties; the one involves a visual and the 
other a photoelectric comparison of the formed thiochrome. 
That employing the visual comparison essentially follows 
the procedure of Harris & Wang [1941; see also Wang & 
Harris, 1942]; the photoelectric procedure is that of Booth 
[1940; 1942; see also NichoUs, Booth, Kent Jones & Ward, 
1942]. Based upon the latter, there have been published 
already two reports on the vitamin B^ control of national 
fiour and bread by the Research Association of British 
Flour-Millers [1942] and the Ministry of Food [1942]. 

Jansen’s work depended upon the previous findings: 
{a) by Peters that oxidation caused the production of blue 
fluorescent substances from vitamin B^ [Peters, 1935]; 
(6) by Kuhn, Wagner- Jauregg, Klaverin & Vetter [1935] 
that a blue fluorescent sulphur- containing compound 
similar to dehydroaneurin could be isolated from yeast; 
this they called thiochrome; and (c) by Barger, Bergel & 
Todd [1935] that the latter (which they isolated and 
analysed) could be produced by the action of alkaline 
ferricyanide on aneurin. Its constitution was confirmed by 
synthesis by Todd, Bergel, Fraenkel-Conrat & Jacob [1936]. 

Jansen and his colleagues have used photoelectric 
methods for comparison of fluorescence; others use visual 
and still others such as Mukherji [1939] the Pulfrich photo- 
meter. Important steps have been the freeing of aneurin 
from biological combination by pepsin [Westenbrink & 
Goudsmit, 1938] and by takaphosphatase [Kinnersley & 
Peters, 1938] upon advice from Dr H. D. Kay. Valuable 
work upon the estimation of aneurin in foodstuffs was 
published by Pyke [1939] and by Houston, Kon & 
Thompson [1940]; see also Ritsert [1938]. An absorption 
step was used by Westenbrink & Jansen [1938] and by 
Hennessy &; Oerecedo [1939]; for a further review see 
Hennessy [1941] and for a critique for fluorophotometers 
Doof bourow & Harris [1942]. 


Principle of method 

The vitamin, after extraction and purification* by suit- 
able methods, is oxidized to thiochrome, a blue fluorescent 
substance, which is estimated visually or by a fiuorimeter. 
The methods for flour and bread described herein, which 
are based on practical experience and designed for speed 
and convenience of working, are not necessarily applicable 
to the estimation of vitamin B^ in materials other than 
flour and bread. 

Reagents. (Those marked '' are required only for method 
employing visual comparison and those marked p only for 
method employing photoelectric comparison.) 

Hydrochloric acid (A.R.): 0*02 A' 

Hydrocliloric acid (A.R.j: 2 % (w/v) P. 

Hydrochloric acid (xA.R.): 10% (w/v) 

Sodium hydroxide (A.R.): 10% (w/v) 

Sodium hydroxide (A.R.): 20 % (w/v) 

Sodium hydroxide (A.R.): 30% (w/v) p. 

Potassium ferricyanide (A.R.): 5% K 3 Fe(CN)g (w/v). 
Hydrogen peroxide solution : 20 vol. 

Sodium acetate-acetic acid buffer solution (pH 4-0): 
36 parts of MjlO Na acetate (A.R.) and 164 parts of 
if /lO acetic acid (A.R.). 

Bromocresol green solution: 0*04% 

Quinine sulphate (stock solution): 0*01 g. quinine sulphate 
(B.E.)/100 ml- O-liV H 2 SO 4 P. 

Ethanol: 96 % (redistilled till free from fluorescence). 
Methanol: (redistilled till free from fiuoresceiie©) 

Isobutanol : (redistilled till free from fluorescence and shaken 
with water until saturated). 

Toluene A.R. 

Papain dry powder. 

Takadiastase dry powder. 

* A method of purification which completely obviates 
a ‘blank’ is one in which adsorbents are used; this method 
is recommended in B.S.A. and has received support in one 
laboratory in England. 
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Vitamin Bj, stock solution: 20 jug. vitamin hydrochloride 
(British National Standard for Vitamin per ml, 

of 0-01 N HCl containing 25% (v/v) ethanol. For 
standardization, dilutions of this stock solution should 
be made with 0*01 N HCl on day of test. 

General instructions 

Identical laboratory conditions (especially in regard to 
temperature) should be secured for conversion of vitamin 
into thiochrome in both standard and unknowm solutions. 
Test-tubes used in comparing the fluorescence of solutions 
by the visual method should be of non -fluorescent glass; 
the closed ends of the tubes should all be of the same shape; 
the tubes should be uniform in' diameter, which should be 
such that Id ml. occupy a column of 6-7 cm. For any one 
series of comparisons the diameters of the tubes should be 
identical. 

Corks should be ‘extracted’ by refluxing for 1 hr. \vith 
ethanol, followed by 1 hr. with ether and finally by washing 
with isobutanol until the wmshings are non-fluorescent. 

In order to avoid the introduction of fluorescent im- 
purities, solutions should not come into contact with 
‘unextracted’ corks, rubber (e.g. bungs or teats), or with 
tap greases containing blue fluorescent substances. 

Only distilled water of high quality (preferably glass 
distiUed) should be employed. 

Solutions containing thiochrome should be kept away 
from bright light and comparisons of fluorescence made in 
a darkened room. 

Method employing visual comparison of fluorescence 

(1) Extraction of the vitamin, {a) Heat 2 g. of flour (or 
bread) with 15 ml. of 0*02 A HCl for 10 min. in a conical 
flask (50 ml.) on a boiling water bath. Stir the flask at 
intervals. Then add 5 ml. of Na acetate-acetic acid buffer 
(pH 4-0), mix and cool to approximately 40°. Using 
brqmocresol green as external indicator check the pH; if 
necessary, adjust to pH 4*0 by the addition of either 10% 
HOI or 10% NaOH. To the pasty suspension add about 
0-1 g. takadiastase and about OT g. papain. Add a few 
drops of toluene as preservative and maintain at 40-45° 
for 16-18 hr. Cool to room temperature and add distilled 
water to make up to 25 ml. Centrifuge and retain the 
supernatant fluid. (The volume occupied by the undigested 
residue is small and is to be neglected.) 

(b) For flour onty, the following alternative procedure 
may be adopted. Make 2 g. flour into a cream with 25 ml. 
2% HCl, allow to stand 16-18 hr. at room temperature, 
agitate and then centrifuge until the supernatant fluid 
obtained is only slightly cloudy. 

{2) Bemoval of fliiorescerd impurities by washing %vith 
isobutanol. To 5 ml. of the supernatant fluid contained in 
a centrifuge tube (15 ml.) add a drop of 10% HCl, to ensure 
that the solution is more acid than pH 4*0, followed by 
5 ml. of isobutanoi. Stopper the tube mth a cork, shake 
for not less than 1 min., centrifuge, remove the upper iso- 
butanol layer, retaining the aqueous layer, the volume of 
which should be recorded. 

(3) Development of tMochrome from< vitamin in 
the pnmfied extract, (a) Take three stoppered glass 


* Obtainable by application to the Director of Biological 

Standards, National Institute for Medical Research, N.W. 3. 


cylinders’** (25 mi.) labelled A, B and C. Into A (the 
unknown) introduce 1-5 ml. of aqueous layer, add 2 ml. 
methanol, then 1 ml. 20 % NaOH followed wdthin 30 sec. by 
OTo ml. K 3 Fe(CN )6 solution, mixing thoroughly after each 
addition. Into B (the blank) measure 1-5 ml. aqueous layer, 

2 mi. methanol and 1 ml. 20 % NaOH. Into C (the control) 
put 1*5 ml. diluted standard vitamin B^^ solution containing 
4p,g. of the vitamin followed by 2 ml. methanol, 1 ml. 20% 
NaOH and 0-15 ml. K 3 Fe(CN)g solutiqn, observing exactly 
the same procedure as for A.'^ 

To the mixture in cylinders A, B and C add 0-25 mi. 
HgOg, mix and allow to stand J-l min. Add 10 ml. iso- 
butanol to each of the three cylinders, shake vigorously 
for 2 min. and allow the layers to separate. The upper 
isobutanol layer contains the thiochrome. 

(5) In each case, draw^ off and discard the bottom 
aqueous layer; wmsh the isobutanol layer by shaking with 

3 ml. distilled water for 1 min. Allow’ the la 3 ^ers to separate 
and transfer the upper laj^er to a dry conical flask. Then 
clarify by adding 2 ml. of ethanol. 

(4) Comparison of the fluorescence. Measure 10 ml. of 
the clear isobutanol extract from the ‘unknown’ (A) and 
th^ ‘blank’ (B) into separate test-tubes. Compare in a 
dark room in front of the Wood’s glass window of an ultra- 
violet lamp. Add the standard ‘control’ isobutanol extract 
(C) in small portions from a graduated pipette or burette 
to the ‘blank’ extract (B) until the fluorescence observed 
on looking dow’n the tube matches exactly that of the 
‘unknowm’ (A). After each addition mix by stoppering 
with a cork and inverting. The tubes should be reversed 
frequent^ during the matching to avoid errors due to 
uneven illumination, l^’rior to the final matching an amount 
of isobutanol equal in volume to that of the ‘control’ 
isobutanol extract (C) added to the ‘blank’ (B) should be 
added to the unknown (A). It is advisable to use a Wratten 
18 A or similar filter in conjunction with Wood’s glass to 
reduce errors due to substances with fluorescences of tints 
other than the purplish blue tint of thiochrome. (The 
HgOa solution should have greatly reduced any non-specific 
yellowish fluorescence.) Matching must be related to the 
purplish blue tinted fluorescence of thiochrome, any other 
tint being ignored. Matching must be carried out rapidly 
since prolonged illumination increases eye fatigue, and the 
risk of photochemical destruction of thiochrome. Best 
comparisons are obtained by exposure and observation of 
2-3 sec. “periods, followed by periods of rest. 

(5) Calculation of results. If x is volume in ml. of 
‘control’ isobutanol extract (C) required and and the 
volumes in ml. of the extracts respectively before and after 
preliminary washing with isobutanoi (para. 2), then the 
aneurin content of sample is 


Ax 
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Method employing photoelectric comparison 
of fluorescence 

For use in the Spekker or other suitable fluorimeters, 
higher initial concentrations of flour or bread extracts may 


* Other types of reaction vessels may be utilized, e.g. 
glass-stoppered 1 oz. bottles or small separating funnels if 
the reagents are mixed by shaking, and boding tubes if 
mixing is achieved by bubbling compressed air or nitrogen 
from a cylinder. 
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be required. In such cases, owing to the large bulk of solid 
matter (extracted flour or bread) present, it is necessary 
to carry out comparisons of standard against both the 
piain flour or bread, and flour or bread with a suitable 
aneurin addition. This dual comparison serves two pur- 
poses : (a) it makes allowance for substances which may be 
present and which interfere with the amount of fluorescent 
light which falls on the photocell by absorbing either the 
incident activating light or the emitted fluorescent light — 
ill other words it serves as a recovery test — and (b) it enables 
the aneurin content of the extract to be related quantita- 
tively to that of the flour or bread. 

(6) Extradiofi of the vitamin, (a) The following pro- 
cedure applies in particular to the Spekker fluorimeter but 
may readily be adapted to other fluorimeters. Take two 
10 g. lots of flour or bread (A and A^) in 100 ml. flasks; 
to A add 50 ml. acetate buffer from a graduated cylinder 
or burette and to A^ a known amount of aneurin contained 
in a small volume of liquid, followed by a sufficient amount 
of acetate buffer to make the total volume of the additions 
50 mi. A convenient amount of aneurin to add is 40 pg. 
(2 ml. stock solution of standard), representing the addition 
of 4pg. aneurin to each gram of flour or bread being 
extracted. The suspensions of flour or bread should be free 
from lumps. To each flask add about OT g. takadiastase 
and about OT g. jiapain and a few drops of toluene as pre- 
servative and maintain at 40® overnight. Agitate and 
centrifuge and retain the supernatant fluids. 

(b) For flour only, the following alternative is satis- 
factory. Take the two 10 g. lots of flour (as in 6 (a)); to 
one add 50 ml. 2% HOI and to the other the aneurin 
addition (as in 6 (a)) and sufficient 2% HCi to bring the 
total volume of the additions up to 50 ml. Allow to stand 
overnight at room temperature, agitate, centrifuge, and 
retain the supernatant fluids. 

{i) Removal of fluorescent impurities by washing with 
isobufanoL This step is only infrequently necessary when 
using the photoelectric method. When, by visual inspection 
in. ultra-violet light, the final isobutanol solution of thio- 
chrome is seen to have strong non- characteristic fluorescence 
(usually white) superimposed on the characteristic purpHsh 
blue of the thiochrome, this step becomes necessary. It may 
be carried out exactly as in para. 2. Owing to dilution of 
the aqueous extract djiring the process, a factor rjr^ 
(generally 11/10, see para. 5) must be applied in the final 
calculation of results. 

{%) Development of thiochrome from vitamin in the 
extracts. Take three 6 x 1 in. boiling tubes, or alternatively 
stoppered vessels, labelled A, B and C. Into A and B, 
pipette 2 ml. of the plain flour or bread extract and into C, 

2 ml. of the flour or bread extract containing added aneurin. 
To each tube add 2 ml, of methanol. 

Then to tube A (the blank) add 1 ml. 30% NaOH solu- 
tion and to tubes B and G, 1ml. 30% NaOH followed 


within 30 sec. by 0-25 ml. K3Fe(CN)6 solution. The contents 
of the tubes are either kept constantly agitated by bubbling 
a stream of air or Ng through them during the course of all 
additions or are mixed by shaking after each addition, 
according to whether boiling tubes or stoppered vessels are 
employed. Oxidation is allowed to proceed for a minimum 
of 1 min., after which 25 ml, isobutanol are added and the 
bubbling is continued for 2 or 3 min., or the stoppered 
vessels are shaken vigorously for about 1 min. 

The aqueous and iso butanol layers are allowed to separate 
for about 15 min. to reduce turbidity, 1 ml, ethanol is 
added to each tube and is mixed carefully into the upper 
(isobutanol) layer (by means of the stream of air or a glass 
rod). The isobutanol layer is then decanted into the fliiori- 
meter cell. Slight turbidity of this solution has not been 
found to influence the fluorimeter results, 

(9) Comp>arison of the fluorescence. When the Spekker 
fluorimeter is used the fluorescence of the unknowns should 
be measured in terms of a standard which is stronger than 
the unknowns, ils thiochrome is rather unstable in ultra- 
violet light, it is unsuitable as a standard, and quinine 
sulphate has therefore been adopted for the purpose. 
A suitable strength of solution is 1 pg. quinine sulphate/ml. 
OTA H2SO4, and this can be made up monthly from the 
stock solution (kept in the dark) of 100 times this strength. 
The ‘standard’ cell is, ho-wever, freshly filled ’with the 
quinine solution daily. The instrument is calibrated against 
the quinine standard by means of a series of aneurin 
standards (e.g. 0T-3-0f4g. for the Spekker), wdiich have been 
prepared by oxidizing standard solutions of aneurin by 
precisely the same technique as is employed for flour or 
bread extracts. A standard curve is plotted relating E 
to )Ug.‘ of aneurin, and readings are taken wdth the three 
extracts prepared above. If it happens that the concen- 
trations suggested are outside the limits of the instrument, 
the estimation should be repeated, using a more suitable 
amount of extract, since dilution of the thioclirome layer 
is not permissible. 

(10) Interpretation of results. The indicated vitamin Bj 
content of the flour or bread extract minus the ‘blank’ is 
not precisely the vitamin B^ content of the aliquot of 
extract, owing to the possibility that interference may !ow?er 
the fluorescence. This is allowed for (at the same time re- 
lating the flour or bread extract to the flour or bread itself) 
by the use of the flour (or bread) plus aneurin values* It is 
known that the difference betw^een the two flours or breads 
is precisely 4p,g. aneurin/g. Then, to take a concrete . 
example, if an aliquot of the plain flour minus blank 
showed l*5ftg. and the flour plus aneurin minus blank 
showed 3-5 p,g. per aliquot, it follows that the aneurin 
content of the flour is 
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VITAMIN IN FLOUR AND BREAD 


An Azo Colour Reaction for the Determination of 
Vitamin in National Flour 

By B. S. PLATT and G. E. GhOCIA, Nutrition Building, National Institute for 

Medical Research, Mill Hill 


I (Received 20 

Jansen & Donath [1926 a, 6; 1927] reported that 
vitamin B^ concentrates gave a Paiily colour reac- 
tion with diazotized sulphanilic acid. Kinnersley & 
Peters [1927; 1928], Windaus , Tschesche, Ruhkopf, 
Laquer & Schultz [1931] and Van Veen [1932], how- 
ever, considered that vitamin Bj did not give a Pauly 
1 reaction as ordinarily carried out or as modified by 

^ Koessler & Hanke [1919]. By increasing the alka- 

linity of the reaction as carried out by Koessler & 
i Hanke, Kinnersley & Peters [1927] found that vita- 

i min Bi gave a pink colour instead of a yellow one, 

but this was tinged with yellow and faded gradually. 
Later, Kinnersley & Peters [1934] found that the 
; pink colour could be intensified and stabilized by 

t the addition of formaldehyde but that the yellow 
: coloiu still persisted. Barger, Bergel & Todd [1935] 

1 suggested that it is the free amino group which 

1 reacts with diazonium salts. Todd & Bergel [1936],^ 

^ * however, consider the formaldehyde-azo colour 

K reaction of Kinnersley & Peters depends on the 
presence of a ^-hydroxy-ethyl group in position 5 
and a hydrogen atom in position 2 of the thiazole 
I . , nucleus. , 

i Diazotized p-aminoacetophenone was used by 

\ Prebluda & McCollum [1936; 1937; 1939] as a 

j qualitative test for vitamin and by Piatt & Yang 

[1937] and Yang <fe Platt [1939] for the quantitative 
estimation of vitamin B^ in biological material, the 
. reaction being carried out in the presence of the 
clay on which they adsorbed the vitamin Bj. 

^ Willstaedt & Barany [1938] and v. Euler [1940--1] 

I employed diazotized 2:4: dichloroaniline. 

Melnick & Field [1939] also used Prebluda and 
McCollum’s reaction in the quantitative estimatioir 
of vitamin Bj. They carried out a preliminary ad- 
sorption of the vitamin on ‘Decalso’, eluted it with 
hot acid KCl solution and developed the colour in 
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the presence of phenol, which, they state, makes 
the reaction more sensitive, has a protective action 
on the oxidation of the vitamin Bj in alkaline solu- 
tion and prevents the inhibition of colour reaction 
caused by various substances. Emmett, Peacock & 
Brown [1940] adopted Melnick & Field’s procedure 
except that they adsorbed the vitamin Bj on ‘ Super- 
filtrol’ instead of on ‘Decalso’, and carried out the 
colour reaction in the presence of the adsorbate, on 
which the dye was quantitatively adsorbed and 
subsequently eluted with ethanol. Auerbach [1940] 
has simplified Prebluda & McCollum’s reagents and 
applied the reaction to the quantitative estimation 
of vitamin B^ in certain pharmaceutical prepara- 
tions, omitting the use of any adsorbent. 

Prebluda & McCollum [1939] tested the speci- 
ficity of the p-aminoacetophenone reaction, using 
several pyrimidine and thiazole derivatives. Some 
of the thiazole derivatives gave purple -red com- 
pounds with the alkaline diazo reagent. The free 
thiazole portion of the molecule reacted much more 
slowly and less completely than vitamin Bi itself. 
They concluded that the pi'esence of the methylene 
bridge between the thiazole and pyrimidine portions 
of the molecule was necessary for complete reaction. „ 
Melnick & Field found that degradation products 
of vitamin Bj^did not react. This was true after 
sulphite eleav%e, which yields intact pyrimidine 
and thiazole derivatives; after the action of alkali 
and heat, which results in the opening of the 
thiazole ring; after simple deamination, and after 
oxidation to the thiochrome stage. 

Kirch & Bergeim [1942] have recently described 
a colour reaction for vitamin Bi with diazotized 
ethyl p-aminobenzoate, the dye being subsequently 
dissolved in - 2 * 50 -amyl alcohol. They claim that pre- 
liminary adsorption is unnecessary under their con- 
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itamin in urine, solution to 7-0, but in practice add alkali until their solu- 
+/-V rifliAT tion is bliiG to thymol blue. Emmett et al. [1940] adjusted 

^ , the in the presence of alcohol to 7-8. 

vitamin iSj found that solutions at pK from 2-9, adjusted in 

^action to be much presence of alcohol, gave erratic results. Consistent 

ied j3-aniinoaceto- reproducible results were, however, obtained from 

scribed below. We /pH 4-7, if the pH adjustment was made immediately 
reaction to flour before the addition of the ethanol. 

dsorbates of flour Concentration of ethanol. The presence of a high concen- 
lour reaction was tration of ethanol in the final stages of the reaction is 

.imxxr bAmo- aclvantageous as it helps to elute vitamin Bj from the 

" adsorbent, stabilizes it, intensifies the colour produced 

[Melnick & Field, 1939] and also keeps the dye in solu- 
the procedure of concentration of ethanol (40%) cannot be 

it although their exceeded, otherwise salts from the alkaline diazo reagent 
on is fairly satis- are precipitated. 


ditiGns,for the determination of vitamin Bj in urine, 
but they have not applied the reaction to any other 
biological material. Using pure vitamin Bj|_ solu- 
tions, have found this colour reaction to be much 
less sensitive than with diazotized p-aniinoaceto- 
phenoiie using the procedure described below. We 
have attempted to apply their reaction to flour 
extracts and to ‘SuperflitroP adsorbates of flour 
extracts. In both cases, the colour reaction was 
completely inhibited, a bright yellow colour being 
extracted by the solvent. 

We have recently examined the procedure of 
Melnick & Field and find that although their 
method of adsorption and elution is fairly satis- 
factory, it is a tedious and complicated procedure. 
A more simple method has been devised which was 
finally adopted for the estimation of vitamin Bj in 
national f our. 


EXPERIMENTAL 


Adsorption of vitamin from the flour extract 


Quantity of adsorbent. This has been kept as small as 
possible so as to minimize the amount of dye precipitated 
on it at a later stage in the process. One adsorption of 
fiour extract ( = 10 g. flour) on 50 mg. adsorbent removed 
approximately 90% of the vitamin B^ , a second adsorption 
on a further 50 mg. removing all the remaining vitamin B^ 
from solution. Two successive adsorptions on 50 ing. 

‘ SuperfiltroT have consequently been employed. 

pH for adsorption. Quantitative adsorption of the vita- 
min Bj from flour extracts was obtained without any 
adjustment of pH. 

Time and conditions for adsorj)tion. Shaking for a total 
period of 1 hr. on a tumbler rotating at approximately 
60 r.p.m. has been found adequate for complete adsorption 
of the vitamin from flour extracts. 


Adjustment of the adsorbate prior to 
the colour development 


pH adjustment. Prebluda & MeGoUum [1939] advocated 
adjusting the pH to 5’0— 6’0 immediately before carrying 
out the reaction. Melnick & Field [1939] give experimental 
evidence for adjusting the pH of vit^imin in alcoholic 


Factors affecting the colour reaction 


Extraction of vitamin 

The vitamin has been extracted from flour with 0*5 A HCl 
and, in order to be sure of complete extraction, it has been 
found advisable to stir up the flour suspension at intervals 
over a period of several hours and finally to leave the sus- 
pension to settle overnight. Since flour contains a negligible 
amount of phosphorylated vitamin B^, preliminary enzymic 
digestion has been omitted. 

It has been found that during extraction the whole of 
the vitamin Bj passes into the liquid phase. Thus, in calcu- 
lating the vitamin B^ content of flour, it is permissible to 
take the volume of the extracting fluid as the volume of 
the flour extract, so that if, as in the following procedure, 
25 g. flour are extracted with 100 ml. 0*5 iV HCl, the 
vitamin B^ contained in 40 ml. of the filtered extract is 
equivalent to 10 g. original flour. 


Preparation of alkaline diazo reagent. An alkaline reagent 
similar to that used by Kimiersley & Peters [1927] was 
incorporated in the reagents of Prebluda & McGoliiini [1939] 
and was used unmodified by Melnick & Field [1939], except 
that the latter workers carried out the colour reaction in 
the presence of phenol and ethanol. Prebluda & McCollum 
allowed the alkali and diazo reagent to react for at least 
15 min. before carrying out the colour reaction. This pro- 
cedure, we Eave found, diminishes considerably the colour 
produced. 

■ Like Koessler & Hanke, we have found it necessary to 
add the alkaline diazo reagent to the alcoholic suspension 
of vitamin exactly 1 min, after mixing the diazo reagent 
and alkali. 

The relative concentrations of aikaM and diazo reagent 
have been found to be very critical. Employing the same 
reagents as Prebluda & McCollum, we have ascertained the 
effect on the colour development of varying the relative 
concentrations of diazo reagent and alkaline reagent. The 
two curves in Fig. 1 show the effects of {a) varying the 
amount of alkaline reagent from 1*0 to 5*0 ml., keeping the 
volume of diazo reagent constant at 2*5 ml., and (6) varying 
the amount of diazo reagent from i'O to 5’() ml, keeping 
the volume of alkaline reagent constant at 2*5 ml. In both 
cases the reaction was carried out in the presence of a flour 
adsorbate, treated as described below% the colorimeter 
readings /1 00 mg. w'et adsorbent being plotted against the 
volume of reagent (Fig. 1). 

From these results it was concluded that for estimating 
the vitamin contained in 10 g. national flour, 2-5 ml. 
diazo reagent to 2-25 ml alkaline reagent are required. 

In the following method, the concentrations of acid 
jp-aminoacetophenone solution and the alkaline reagent 
have for convenience been adjusted so that 2 ml of both 
diazo reagent and alkali contain the optimal amounts of 
• the reactants. The final diazo mixture is considerably less 
alkaline than that used by Prebluda & McCollum. 

Presence of phenol. According to Melnick & Field, phenol 
intensifies the colour produced. Using our reagents we 
have, however, obtained much better colour development 
than did Melnick & Field employing plienol in addition. 
We consider the presence of phenol unnecessary, 

Beaction time. Melnick & Field state that it is necessary 
to leave the reaction mixture overnight for complete colour 
development, Using the procedure described below, the 
maximum is reached at the end of 1 hr. 
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I Extraction of the dye. Toluene is a more efficient solvent 

i for the dye tliaii xylene (used by Meinick & Field [1939]) 

I in the presence of the adsorbent. Tlie colour in toluene is, 

[ moreover, much more stable in bright daylight. Toluene, 

t iiowev^er, volatilizes more rajjidly than xylene and pre- 




{a) (b) 

Fig. 1. The colour developed when flour adsorbate reacts with the diazo reagent in alkaline solution under different 
conditions: (a) with constant vol. (2-5 ml.) of diazo reagent, {b) with constant vol. (2-5 ml.) of alkaline reagent. 

! cautions have to be taken to prevent evaporation at any 

stage. 

Emmett et al. [1940] adsorbed the dye quantitatively on 
‘Superfiltrol’ and subsequently eluted it with ethanol. In 
order to simplify and shorten the procedure, we have at- 
tempted to keep most of the dye in solution by using a 
high concentration of ethanol, and have extracted the dye 
1 directly from solution by toluene. Extraction of the dye 

1 from the reaction mixture was found to be much more 

difficult if delayed until maximum colour development is 
’ reached, since, by that time, most of the dye is carried 

i down on the adsorbent. Toluene was therefore added 

20 mih. after the beginning of the reaction. This procedure 
also accelerated the attainment of full colour development, 
which is never reached if extraction of the dye is begun 
during the initial 10 min. 

Choice of standard 

t . In early tests, the dye derived from flour extracts wms 

compared wdth that from a standard vitamin solution, 
the colour reaction being carried out in the presence of 
‘Superfiltrol’. In the absence of ‘Superfiltrol’, the colour 
extracted from the vitamin reaction mixture was more 
purple than that extracted from a flour reaction mixture. 

Values of more than 100 % for the recovery of vitamin Bj 
were obtained when the vitamin was added to flour extracts 
before adsorption. Similar values were obtained if vita- 
min Bj in solution was added after adsorption and im- 
mediately before the colour reaction was carried out. In 
both cases, i.e. with 20/xg. vitamin Bj added before and 
after adsorption, a value of 22ffi/xg, vitamin B^ w^as ob- 
tained. It thus appears that the presence of the flour 
adsorbate intensifies the colour produced, and it wus there- 
fore decided to comj^are the colour of the dye extracted 


Method adopted . 

Reagents 

(1) 0'5N HCl (approx.). 

(2) 2%]SraOH (w/v). 

(3) Alkaline reagent : 3 % NaHCOg (w/v) in 0-QN 
NaOH. 

(4) p-Aminoacetophenone solution: 0*8% 2^- 
aminoacetophenone in 3*5 HCl (w/w). Keep in a 
dark bottle in the cold. 

(5) 4*4% ISTaNOg (w/v) (Analar). Keep in the 
cold, for not longer than 1 month, 

(6) Diazo reagent: Measure 1*5 ml, ^ -amino - 
acetophenone solution into a 50 ml. volumetric 
flask and cool to 0-5®. Add 1*5 mi. KaNOg solution 
(previously cooled to 0-5®), mix and leave in the 
cold for 10 min. Add a further 6 ml. ]SraN02 solu- 
tion, mix and leave for 10 min. Make up to 50 ml. 
with ice-cold distilled water and allow to stand at 
least 15 min. before use. (This reagent should be 
prepared on the day of the test and must be kept 
at 0-5®.) 

(7) ‘Superfiltrol’ (activated clay). 

(8) Toluene (rectified). 

‘(9) 60 % C2H5OH (v/v) in distilled water. 

(10) Standard vitamin solution: (a) Stock 
solution containing 150 jug. vitamin (hydrated— 
4*65 % moisture)/mL in 0*01 N HCl containing 25 % 
ethanol, (b) Solution for use: Dilute the stock 
solution with distilled w^ater on the day of the test 
so that it contains 30 p,g. vitamin Bi/mi. 


from the flour adsorbate reaction mixture alone with that p 

from a flour extract to which vitamin Bj had been added || 

immediately before the colour reaction was carried out. k 

The tints of the standard and unknown were identical by i 

this procedure. ^ 
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Extraction of vitamin from flour and treatment 
of the adsorbate, (i) Stir 25 g. national flour into 
lOOml. O-oN HCl in a beaker, and leave at room 
temperature throughout the day preceding the test. 
Stir thoroughly at intervals and leave to stand over- 
night. Pour off the supernatant fluid and filter 
through a No. 1 Whatman filter paper (a satis- 
factory extract cannot be obtained by centri- 
fuging). 

(ii) Pipette 40 ml. of the filtrate into a bottle of 
100-150 ml. capacity, provided with a glass stopper. 
Add 50 mg, activated clay, stopper and shake for 
SO min. (a tumbler rotating at 60 r.p.m. is satis- 
factory). Transfer the contents of the bottle to a 
tapering 50ml. centrifuge tube, vrash out of the 
bottle as much of the adsorbate as possible with 
5 ml. 0-5N HCl and add the washings to the con- 
tents of the centrifuge tube. Centrifuge until the 
adsorbate is well packed. Pour the supernatant 
flifld back into the bottle and shake for a further 
30 min. with another 50 mg. activated clay. Transfer 
the contents to the centrifuge tube containing the 
first adsorbate and centrifuge. Discard the super- 
natant fluid. Wash out the bottle with five suc- 
cessive portions of 5 ml. 0-5N HCl, transfer the 
washings to the centrifuge tube containing the ad- 
sorbate and resuspend the adsorbate in the wash- 
ings. Centrifuge again and discard the supernatant 

(iii) Add to the washed adsorbate 1 ml. distilled 
water, 2 drops bromo-cresol-green and adjust to 
pH 5 (approx.) by the dropwise addition of 2% 
NaOH, keeping the adsorbate in suspension by 
stirring with a glass rod. Pour the suspension 
through a small glass funnel into a 25 ml. glass- 
stoppered measuring cylinder. Wash out the centri- 
fuge tube with five successive portions of 2 ml. 
60 % ethanol, adding the washings to the suspension 
in the cylinder. Proceed immediately with the 
following step. 

Development of colour. To 2 ml. NaOH-NaHCOs 
solution contained in a dry test-tube add 2 ml. diazo 
reagent. Invert to mix and, exactly 1 min. after 
, add to the suspension of adsorbate in the 
measuring cylinder. Stopper and mix by inversion 
at intervals of a few minutes. After 20 min. intro- 
duce 5 ml. toluene into the cylinder. Restopper 
and continue to mix by inversion (done gently so 
as to avoid emulsion formation) at frequent inter- 
vals for a total period of 1 hr. or longer. Withdraw 
the toluene layer into another stoppered cylinder 
containing 10 ml. 0-5N HCl and wash by inversion. 
Transfer the washed toluene layer to a 5 ml. 
tapering centrifuge tube, shake in a small amount 
of anhydrous Na 2 S 04 , mix and close the tub© with 
a well -fitting cork. Centrifuge for a very short 
time, avoiding any risk of loss of solvent by evapo- 
ration. 


Preparation of standard solution. To a second 
washed adsorbate, prepared as described in (i) and 
(ii), add 1 ml. of diluted standard vitamin solu- 
tion and 2 drops of indicator and continue from 
this stage exactly as before with one difference, i.e. 
extract the dye with 10 ml. toluene instead of 
5 ml. 

Comparison of solutions. The two solutions are 
compared in a Duboscc| type of colorimeter fitted 
with cups having a stem capacity of 5 ml. 

Accuracy of method . 

{a) Solutions of pure vitamin B-^ , The accuracy 
was determined on amoimts of 20, 30 and 40 ^g. 
pure vitamin in solution. The procedure adopted 
was the same as that described above for flour 
extracts except that preliminary adsorption on 
‘SuperfiltroF was omitted and it was found neces- 
sary to extract the dye with toluene after 60 min. 
instead of after 20 min., since the colour production 
is retarded in the absence of ‘Superfiltrol*. The 
accuracy of the estimations (in triplicate) carried 
out by three different observers is set out in 
Table 1. 


Table 1. Statistical analysis of ihe results 
of vitamin deteryninations 


Amount of pure vitamin 
Bi in test sample (jug.) 

20 

30 


40 

Average of 9 observa- 
tions (^g.) 

20*11 

30*12 

39*98 

Standard deviation ... 

0*4106 

0*6099 

1*0208 

Value of P 

0*95 0*99 

0*95 

0*99 

'0*95 0^ 

Limits of error: 





For determinations in 
duplicate 

2*8 3*7 

2*8 

3*7 

3*5 4*7 

For determinatioirs in 
triplicate 

2*3 3*0 

2*3 

3*0 

2*9 3*8 

For determinations in 

2*0 2*6 

2*0 

2*6 

2*5 3*3 


quadruplicate 

(6) Extracts of national flour, A number of results 
for the vitamin B^ contents of national flours, using 
our azo method as described in this paper, obtained 
by different observers, have been published in a 
Bledical Research Coimcii report [1943]. The accu- 
racy of the results obtained compares favourably 
with that of the thiochrome method. 

"'summary 

A simple colorimetric method is described for the 
routine estimation of vitamin B^ in national flour 
using diazotized p -amino -acetophenone. The me- 
thod, with minor modiflcations, can be used for the 
estimation of pure vitamin 

We are indebted to Dr Katharine Coward for her statistical 
analysis of the results set out in Table 1 . 
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A Quantitative Method for the Determination of Uroporphyrin 

in Pathological Urines 
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The chief difficulty attending the isolation of por- 
phyrins from urine and their separation from one 
another is the relatively sparing solubility of these 
pigments in organic solvents. Coproporphyrins I 
and III are extractable by the acetic acid-ether 
technique discovered by Saillet [1896] and adopted 
by Fischer [1926] and may thus be quantitatively 
determined. For preparative purposes, although 
large volumes of solvent are required, a high degree 
of purification may be achieved by repeated trans- 
ferences between ether and dilute HCl. Uro- 
porphyrin III is similarly extractable by ethyl 
acetate from solutions adjusted to a pH of 3-0-3-2 
[Waldenstrom, Fink & Hoerburger, 19S5], but again 
large volumes of solvent are required for this la- 
borious process, which is not suitable for quantita- 
tive purposes. Uroporphyrin I is not extracted by 
any known solvent immiscible with water. 

Recourse must, therefore, be had to adsorptive 
procedures for the concentration and purification 
of the uroporphyrins prior to thei/ spectrophoto- 
metric or fluorimetric determination. Many dif- 
ferent materials have been proposed as suitable 
adsorbents for porph^uins. They include Ca and 
Pb phosphates, alumina, talc, BaS 04 , etc., and 
Waldenstrom [1935] has elaborated a chromato- 
graphic procedure for the adsorption of porphyrins 
from urine upon alumina. In tliis, as in all other 


procedures, adsorption takes place at or near the 
isoelectric point of the porphyrin. At this reaction 
the greater part of the dark brown or red water- 
soluble pigment of unlmown constitution, always 
present in porphyrinuric urines, is also adsorbed, 
so that from a quantitative point of view the opera- 
tion is of little value, and further purification of the 
uroporphyrin fraction is difficult. Attempted purifi- 
cation of the porphyrins from urine by acidifying 
with acetic acid [Nebelthau, 1899] is not always 
successful, and in any precipitate which forms 
coproporphyrin is mixed with uroporphyrin. 

While searching for a new adsorptive technique, 
it -was discovered that kieselguhr has the very 
desirable and remarkable property of adsorbing 
both coproporphyrins and uroporphyrins from solu- 
tion in dilute HGl whilst rejecting almost entirely 
the dark, brown-red, non-porphjrin pigment. Elu- 
tion by suitable buffers brings about a fairly sharp 
separation of the coproporphyrins from the uro- 
porphyrins, but it has not been found possible to 
separate by this means the I and III isomers of 
either pigment, no doubt owing to the fact that, 
their isoelectric points are so similar. Based upon 
the kieselguhr technique, a good quantitative me- 
thod has been worked out for the determination of 
total porphyrin, and hence of moporphyrin, in 
porphyrinuric urines, thus for the first time enabling 


I 

I 



conditions such as acute idiopathic porphyrinuria 
to be subjected to accurate quantitative examina- 
tion. 

METHODS,, 

Separation of pw'e coprojoorphyrin 
from uroporphyrin 

Tlie pigments used had been prepared from natural 
sources and purified by recrystailization of their methyl 
esters. These were saponified and the free porphyrins 
brought into solution in 5% HCl (w/w). Tswett columns 
were prepared from acid-washed kieselguhr (B.D.H.) sus- 
pended in 5 % HCl ( w/w) and the behaviour of the pigments 
studied individually on filtering their solutions through the 
columns, and on developing with buffer solutions. All 
porphyrins tested were strongly adsorbed from the acid 
solutions. Table 1 summarizes the results obtained with 

Table 1, Behamour of coproporphyrms and 
tiroporphyrins adsorbed on kieselguhr 
Effect on porphyiin 

Uroporphyrins Coproporphyrins 
Developer I or III I or III 

20% HCl Nil Nil 

50 % acetic acid Nil Nil 

Glacial acetic acid Slow broaden- Slow broadening 

ing of band of band , 

Water Nil Nil 

M Citrate buffer pH 3-2 Nil Nil 

ilf Acetate buffer pH 4-0 Nil Nil 

M Acetate buffer pH 4-5 Nil Nil 

Acetate buffer pH 4’ 7 Broadening of Nil 

band 

Acetate buffer pH 5-0 Broad ring Nil 

passing slowly 
downwards 

i/ Acetate buffer pH 5*25 All porphyrin Veiy slow broad- 
removed ening of band 

M Acetate buffer pH 5-5 — Rapid broaden- 

ing 

M Phosphate buffer pH 6-5 — Rapid broaden- 

■ iug 

M Phosphate buffer pH 7-15 — All porphyrin 

removed 

pH’s measured by glass electrode. 

the developers. A. mixture of uroporphyrin III and copro- 
porphyrin I was adsorbed on a column from acid solution 
as previously described and then washed thoroughly with 
water. Acetate buffer of pH 5*25 was then filtered through 
the column, ^when the uroporphyrin passed readily down- 
wards, leaving a sharply defined zone containing the copro- 
porphyrin at the top of the column. The eluate contained 
no ether-soluble pigment. The coj)roporphyrin was finally 
removed from the column by a phosphate buffer of pH 7T5. 

ChromatograpMc separation of uroporphyrin 
from urine of acute porphyria 

The specimen of urine, which was nearly black in colour, 
passed during a period of severe attack by -a man 
suffering from acute idiopathic porphyria. HCl was added to 
a concentration of 1 % ( w/ w) and the mixture filtered through 
a column of kieselguhr. The deeply coloured filtrate was 
free from porphyrin. The column was washed well with 1 % 
HCl (w/w) and then with glacial acetic acid, which removed 
the remaining dark brown pigment together with a little 
porphyrin detectable by^ fluorescence in ultra-violet light, 
After thorough washing with water, the uroporphyrin was 


then removed by acetate buffer of pH 5-25 and obtained 
as a deep red solution substantially free from other pig- 
ments. Upon adjustment of the pH to 3-0, the porphyrin 
precipitated readily, leaving a pale straw-coloured super- 
natant Liquor. The precipitate was coUected on the centri- 
fuge, dried and esterified in the usual way. The ester 
crystallized from hot chloroform-methanol in fine micro- 
scopic needles, M.P. 258°. 

The adsorption technique has also been used to purify 
the crude precipitate of mixed porphyrins obtained from 
a porphyriiiuric urine by acidification with acetic acid. The 
mass was dissolved in dilute alkali and the pH adjusted 
to 5*25. Kieselguhr was then added and the mixture shaken 
vigorously and centrifuged. The adsorbent retained copro- 
porphyrin, but little, if any, uroporphyrin. It is doubtful 
whether the method would be so effective were the propor- 
tion of coproporphyriii to uroporphyrin not so small (in the 
above case it was approximatefy 1:20), but byv repeated 
shaking or filtration through a column it should be possible 
to remove substantially all coproporphyrin from uro- 
porphyrin solutions by tins simple expedient. 

A quantitative method for the determination 
of uroporphyrin 

The property possessed by kieselguhr of adsorbing uro- 
porphyrin strongly from dilute acid solutions but of re- 
taining very little of the accompanying urinary pigments 
provides the basis of a relatively simple method for the 
determination of uroporphyrin. The studies to be detailed 
below were carried out upon some specimens of urine from 
a case of acute idiopathic porphyria, and for his kindness 
in putting' this material at my disposal I wish to thank 
Dr G. Discombe of St Bartholome%v’s Hospital. 

Preliminary treatment of the urine, Waldenstrom & 
Vahlquist [1939] have shown that in acute porphyria a 
pigment precursor, porphobilinogen, is excreted, which is 
rapidly converted into porphyrin when the urine is acidified 
and warmed on the water bath [cf. Willenbucher, 1942]. 
During this heating, however, the urine becomes very dark 
owing to the formation of other, non-porphyrin, pigments 
and it has been found that the same full production of 
porphyrin is achieved without such undesirable accompani- 
ment by rendering the specimen acid to a concentration of 
1 % HCl (w/w) and leaving it at room temperature overnight. 

A knovm volume (usually 1-2 ml.) of urine containing 
approximately 5-50 ftg. of porphyrin is thus acidified, 
diluted with 1 % HCl (w/w) to 5 ml. and left overnight. 
About 0*7 g. of acid- washed kieselguhr is then added, the 
tube stoppered, shaken vigorously for about 1 min., and 
then centrifuged for 5 min. The kieselguhr packs well, 
allowing the bro-wn supernatant liquid to be decanted. 
Control examination of this liquid by ultra-violet light 
should show only a greenish-blue fluorescence iinmixed with 
red, thus indicating that the quantify of adsorbent used 
has been sufficient. 

Elution and quantitative determination of porphyrin 
The kieselguhr is now washed by stirring up and centri- 
fuging successively twice with 1 % HCl (w/w) and once with 
HgO.* The porphyrin is then eluted completely by three 
successive washings with 0*liV' NaOH of about 7 ml. each, 

* From some urines, washing with 50 2o acetic add 
removes a further small* quantity of fluorescent material 
without loss of porphyrin. 
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and centrifuging for 15-20 min. The eluates may still 
contain fine particles of kieselgiihr in suspension, but these 
are disregarded since, when all the eluates are combined, 
made up to a volume of 25 ml. and left overnight, the 
turbidity subsides completely, leaving a clear solution which 
may be pipetted off. From this, a suitable dilution, 1/5 
or 1/10, is prepared with 0*1 iV NaOH, such that the final 
porphyrin concentration is near the optimal figure of 
0-25g,g./mL, and the exact concentration is determined 
fiuorimetrically in the fluorescence comparator [Rimington, 
1943]. 

This determination gives the total porphyrin. Copro- 
porphyrin is conveniently determined, by the acetic acid- 
ether extraction method and fluorimetric analysis, in a 
portion of the eluate, or in the urine itself. By‘‘Subtraction 
the quantity of uroporphyrin is calculated. It has been 
found more convenient to elute the total porphyrin with 
dilute alkali rather than to attempt a two-stage elution 
and separation of coproporphyrin from uroporphyrin by 
means of buffers. Errors due to the effect of salts upon 
fluorescence intensity are thereby eliminated, and, further- 
more, quantitative elution by buffers was found to be 
rather a tedious process, requiring relatively large volumes 
of fluid. 

Recovery of added uro|)orphyrin was quantitative, and 
the error of the method, judged b}’- results of repeated 
determinations, is estimated at less than 10%. The fol- 
lowing example may be quoted in illustration: 

Urine specimen 26. (Coproporphyrin by ether 
extraction 147 gg./lOO ml.) 

Uro- 

porphyrin 

mg./lOOml. 

(1) 2 ml. urine -f- 2 ml. H20 + lml. 5% HCl 0*96 

(w/w), worked up immediately 

(la) 2 ml. urine -f 2 ml. HgO -H 1 ml. 5 % HCl 1 *08 
(w/w), worked up immediately 

(2) 2 ml. urine + 2 ml. H 2 O -I- 1 ml. 5 % HCl 1-72 

(w/w), heated on water bath for 1 hr. 

(3) 2 ml; urine -f- 2 ml. H 2 O + 1 ml. 5 % HCl ‘ U67 

(w/w), left overnight at room temp. 

(3a) 2 ml. urine + 2 mi. H 2 O 4- 1ml. 5% HCl 1-77 
(w/w), left overnight at room temp. 

(4) 1 ml. urine 4-2 ml. HgO 4- 1 ml. ( =20 fig.) 

uroporphyrin III 4 - 1ml. 5% HCl 
(w/w), left overnight at room temp. 

Recover 3 r of added uroporphyrin 109 % 

(5) 100 ml. pooled eluates corresponding to 

8 ml. urine ( = 12 gg. coproporphyrin) 
extracted bj’-ethei', etc. Coproporphyrin 
in extract 124 gg. Recovery 103% 


.. RESULTS ' 

Excretion of uroporphyrin and coproporphyrin 
in Cl case of acute,, idiopathic porphyria 

The patient was a young man aged 19, under the 
care of Dr Geoffrey Evans of St Bartholomew’s 
Hospital, for whose great kindness in allowing me 
to examine the nriiiBs and publish my biochemical 
findings, together with relevant data from the 
clinical record, I am very greatly indebted. He was 
admitted in April 1942, and presented the typical 


clinical picture of acute idiopathic porphyria. The 
prominent features of his condition were malaise 
and marked asthenia, complicated by peripheral 
neuritis and muscular wasting. Relapses were 
characterized by a return of abdominal pain, loss 
of appetite and nausea. He suffered an attack of 
pain on 25 May, but thereafter improved imtii 
19 August which marked the onset of another sharp 
attack. 




Fig. 1. Daily urinary porphyrin excretion and pulse rate in 
case of acute idiopathic porphyria. — Consecutive daily 

determinations. Determinations at intervals of 

48 hr. or more. 

Urine specimens (24 hr. collections, for arranging 
which r am much indebted to Dr G. Discombe) 
were examined on the 12/13 August and 21/22 
August, and thereafter daily until 5 September. 
This period embraced a typical attack. As 'the 



Table 2. Case: 'Peter Beresford\ Analysis of urines for porphyrin 


Date 

Colour of urine 

Total 

volume 

ml. 

Copro- 

porph. 

P'S*/ 

100 ml. 

Total 

copro- 

porph. 

mg. 

Uro- 

porph. 

mg./ 

100 ml. 

Total 

uro- 

porph. 

mg. 

Clinical condition 

9/10 Itine 

Nearly black 

1420 

30*6 

0*435 

1*9 

27*0 ' 

Last attack of pain 25 May, 

1/2 Aug. 

Light red- brown 

— 

60*5 

— 

2*58 

— 

condition improving 

12/13 Aug. 

Dark 

__ 

64*5 

. • — 

1*6 

— - j 

18/19 Aug. 

Light brown 

1240 

76*9 

0*954 

0*85 

10*5 

Pulse rate 80 

21/22 Aug. 

Dark 

1915 

108 

2*068 

1*87 

35*7 

Sudden rise of p.r. to 128 on 20th 

22/23 Aug. 

Deep brow’n 

1860, 

100 

1*860 

0*76 

14*14 

p.R. 136 

23/24 Aug. 

Greenish brown 

680 

124 

0*843 

1*18 

8*0 ^ 

I p.R. fell gradually to 85 on 23rd. 

24/25 Aug. 

Golden brown 

1160 

139 

1*612 

1*18 

13-69 ^ 

[ Rose again to 110 on 25th; 

25/26 Aug. 

Red- brown 

850 

147 

1*250 

1*69 

14-37 

1 120-130 on 26th; 140 on 27th 

26/27 Aug. 

Dark purplish browm 

930 

68*4 

0*657 

0*293 

2*8lJ 

' a.m.; fell to 95 by p.m. 

27/2^ Aug. 

Dark brown 

900 

74*4 

0*728 

3*264 

31*93) 

p.R. 140 on 28th a.m., fluctuating, 

28/29 Aug. 

Dark brown 

182 

132 

0*251 

4*718 

8-96 

- but fell to 85 by 30th. Patient 

29/30 Aug. 

Very dark 

720 

130 

0*969 

6*745 

50*25, 

lost 6J lb. since 9 Aii^. 

30/31 Aug. 

Dark brown 

815 

58 

0*487 

0-775 

6*51 

p.R. about 100 

31 Aug. /I Sept. 

Dark brown 

1420 

38*7 

0*568 

1*128 

16*58) 

p.R. rose to 128 on Ist, falling to 

1/2 Sept. 

Dark brown 

1100 

71*3 

0*806 

0*954 

10*78) 

80 on 2nd 

2/3 Sept. 

Dark brown 

1490 

18 

0*277 

0*547 

8*42 ^ 

Attack subsided, according to 

3/4 Sept. 

Light brown 

1810 

49*5 

0*923 

0*501 

9*44 

p.R., on 16 Sept., when the rate 

4/5 Sept. 

Light brown 

19:^0 

49*5 

0*980 

0*416 

8*24 

returned to the normal range 

6/7 Sept. 

Light brown 

2290 

18 

0*425 

0*165 

3*89 

- except for occasional rises to 

9/10 Sept. 

Light broAvn 

1780 

22*7 

0*415 

0*705 

12*90 i 

about 130. Stead}’ slow im- 

11/12 Sept. 

Light brown 

2120 

11*6 

0*254 

0*716 

15*54 i 

provement has continued since 

13/14 Sept. 

Light brown 

2040 

35*2 

0*739 

1*096 

23*02 V 

18 Sept. 


No interpretation of the clinical findings or dis- 
cussion of the clinical aspects of the case is in- 
tended here; the record of the pulse rate is merely 
given as an accompaniment to the porphyrin deter- 
minations which illustrate the potential usefulness 
of the kieselguhr method. With such a relatively 
simple and rapid technique in one’s hands, it is 
now possible to subject the attacks and remissions 
of acute porphyria to a quantitative examination, 
and seek to gain further insight into the patho- 
genesis of this disease. Whilst the correspondence 
be said, from an inspection of 


acid solution (1 % HCl (w/w)), and a separation of 
the porphyrins, but not of individual isomers, may 
be effected by developing the chromatogram with 
acetate buffer of pH 5‘25. Uroporphyrins I and III 
are readily eluted. 

2. Improvements in the preparative method of 
obtaining uroporphyrin from pathological urine are 
based upon this observation. 

3. A quantitative procedure for determining the 
total porphyrin in urine, and hence the uropor- 
phyrin by subtraction of the independently deter- 
mined coproporph;va*in, is described and its applica- 
tion to the analysis of consecutive 24 hr. samples 
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patient’s condition was improving by 5 September, of uroporphyrin follows the excursions of the pulse 

analyses were performed only at 48 lor. or 72 hr. rate. There is no constancy in the ratio between 

intervals luitil 14 September, when the investiga- coproporphyrin and uroporphj^rin excreted or be- 

tion concluded. tween total porphyrin and urine volmne (see 

Of most urine specimens, 1 or 2 ml. sufficed for Table 2), although it would appear that the fluid 
the estimation of porphyrin, but of the weaker output modifies slightly the output of pigment, 
specimens 3 ml. were required, and in the case of The urinary porphyrins excreted by this case 
those very rich in porphyrin 0-6 ml. was found to were identified as uroporphyrin III, octamethyl 

be ample.' Table 2 presents the analytical results, ester m.p. 268°, and coproporphyrin III, tetra- 

together with notes upon the colour of the urines methyl ester m.p. 140°, remelt 163°, together with 

and the clinical condition of the patient. A com- a small quantity of coproporphyrin I. 

parison between the levels of uroporphyrin and 

eoproporphjuin excretion from day to day and the SUMMARY 

12-hourly records of the pulse rate (full line) and 

estimated 24-hourly fluctuations in pulse rate 1. Coproporphyrins and uroporphyrins of both 
(dotted line) is set forth in Fig. 1. series I and III are adsorbed by kieselguhr from 
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from a case of acute idiopathic porphyria, during opens up possibilities for the further study of the re- 
an attack, is recorded. The provision of a quantita- lationship between porphyrin formation or excretion 
' tive technique for uroporphyrin determination and clinical condition in this disease. 
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Obituary Notice 

ERNEST WALKER (1900-1942) 


I During August 1942, Dr E. Walker’s sudden death 

; I came as a considerable shock to ail who knew him 
and occurred while he was still a member of the 
Committee of the Biochemical Society. 

I Born in 1900, he was the son of a Liverpool corn 

I merchant, but was left an orphan early; both 

^ parents died when he was nine years old. He was 

I educated at Pinner School and the Liverpool Col- 

legiate School, and left at the age of seventeen to 
join the Army (The Artists’ Bifies). Beturning from 
the war, in 1919 he studied chemistry at Liverpool 
^ University under the inspiration of Prof. E. C. C. 
Baiy. 

In 1920, he came to the Biochemical Laboratory, 
I Cambridge, to work as assistant to Dr B. A. Peters 

i upon problems of chemical constitution and physio- 

I logical action in relation to Chemical Defence Be- 

f < search. This work was continued after 1923 in the 

Department of Biochemistry, Oxford, whence he 
1 accompanied Dr B. A. Peters and became a member 

of St John’s College. This research formed the basis 
of his thesis for the M.Sc. Liverpool, and the D.Phil. 
I (Oxford) degree which he took while temporarily 

i employed at the Government Experimental Station 

I at Porton in 1927. During this period, a funda- 

f mental contribution on the physical chemistry of 

i mustard gas and related compounds in relation to 

! vesication was published {Biochem, J . 1923, 17, 260, 

with B. A. Peters). He also developed earlier work 
by McCleland and Peters upon the toxicity of ter- 
and pentavalent arsenical compounds to Protozoa 
{Biochem. J, 1928, 22, 292). Some of the work of 
this period was inspired by that of Sir F. G. Hopkins 
upon sulphydryi compoxmds, particularly his re- 
search work upon the fixed — SH group in muscle 
tissue (with M. Dixon). In especial Walker worked 
I out a nitroprusside test for — S — S — groups, using 

j cyanide, and located the extent of the layer in skin 

showing the nitroprusside reaction. It was this 
: research which led to the important discovery 

(independently and about the same time as V oegtlin) 
of the effect of an — SH compound (monothio- 
ethylene glycol) in reversing the action of diphenyl 
arsenious oxide upon ciliates. 

After a temporary interlude at the Experimental 
Station, Porton, he returned to Oxford in 1928 and 
proposed at first to qualify in medicine. Subse- 
quently, how'ever, he gave up this plan and settled 
down as a Demonstrator, occupying the post of 
Departmental and then University Demonstrator 
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until the end. He also undertook the secretarial 
work of the Department; here he devoted himself 
to promoting successfully its efficiency by his con- 
tinual and imselfish attention to its interests as a 
whole, and skill in administrative detail. The stu- 
dents owe much to his attention to the smooth 
rxmning of the classes, as also to his constant interest 
in teaching fundamentals. The development of the 
courses for the Supplementary Subject in Bio- 
chemistry for the Final Honour School fell to him, 
and he was responsible for teaching the Micro- 
biological Biochemistry. 

In the period from 1928 to 1940, Dr E. Walker 
published several papers, on a variety of subjects, 
several with juiiior pupils and colleagues, though 
much of his constant labours did not see the light. 
Becoming suspicious of the Pettenkofer reaction as 
an indication of the presence of bile salts in normal 
blood, he found that this was due to cholesterol 
oleate, which he isolated {Biochem. J. 1930, 24, 
1489). With A. B. Armstrong {Biochem. J. 1932, 
26, 143) he identified the substance in pregnancy 
urine giving Knoop’s test, as histidine, a piece of 
work which seems to have been overlooked by some 
recent workers. Beturning to sulphydryi com- 
pounds, he studied (wdth A. Todrick) the effect of 
allyl isothiocyanate upon cysteine, isolating the 
compound formed; at the same time and inde- 
pendently of Anson and Mirsky they developed a 
method (differing from their own) for estimating 
the sulphydryi groups in protein, which was applied 
to ovalbumin and albumin, also myosin {Biochem. J. 
1937, 31, 297). In his later work he txirned to micro- 
biological biochemistry. With F. L. Warren, he 
worked upon the decomposition of cellulose by , 
Cytophaga I {Biochem. J. 1938, 32, 31). Chemical 
advances in a difficult field were here made with 
this organism, which has so uiiiqite an appetite for 
cellulose; characteristic was the realization of the 
biological importance which may be played by 
oxycellular mucilage in the hiunus of the soil. His 
final publication with W. H. Maguigan {Biochem. J. 
1940, 34, 804) w^-as concerned with the sterol meta- 
bolism of yeast; this formed part of a more ambi- 
tious programme, some of which has not yet been 
published, and broke new ground of importance. 
Facts were established about the time of origin of 
sterol and about precursors. During this war, 
Walker was engaged upon problems in coimexion 
with the disposal of sewage; but much of his time 
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latterly was occupied in administrative problems 
and ill the early development of the Oxford Nutri- 
tion Survey, which owes much to his wise guidance. 
Appraising the work as a w^hole, we realize the 
careful chemical interest in completion, combined 
with a wide loiowiedge and appreciation of bio- 
logical applications; he had learnt fully the neces- 
sary physiology and bacteriology required. It 
indeed seems that his studies on micro-organisms 
were only at an initial stage. 

The Secretary has told me that as a member of 
the Committee of the Society, WaUrer displayed a 
quiet ability combined with a sense of humour that 
proved to be invaluable in finding a way through 
the complicated results of a discussion on procedure 
or the like. His complete familiarity with the rules 


of the Society and of syntax alike could on occasions 
be a little disconcerting but extremely helpful. 

Quiet and modest in mamier, unfailingly honest 
in his judgements and dealings with men, he proved 
a wise, independent -minded, courageous and re- 
spected counsellor in the laboratory. He had the 
capacity for carrying through administrative detail 
without appearing flurried or perturbed; in part 
this was due to an unfailing sense of humour -which 
never deserted him, and which so often proved 
disconcerting. One of his many hobbies -was chess 
playing. 

In 1932 he married Dr Vera Reader, whose work 
upon nutritional problems is well known to bio- 
chemists, and is survived by his wife and two 
children. R. A. Petees 


The Enzymic Production of Levan 


By S. HESTRIN, S. AVINERI-SHAPIRO and M. ASCHNER, Chemistry Department, Cancer 
Laboratories, and Department of Hygiene and Bacteriology, The Hebrew University, J erusalem 

{Received 10 April 1943) 


This paper describes the preparation and study of 
cell-free levan-synthesizing enzyme systems (levan- 
sucras©) from two bacterial species [cf. Aschn^, 
Avineri-Shapiro & Hestrin, 1942]. A partieula^ 
convenient source of synthesizing enzyme has been 
found in a newly isolated non-sporulating bacterium 
to be referred to as Aerobacter levanicum. Recently 
Hehre has achieved the cell-free synthesis of dextran 
iDy the action of an enzyme isolated from Leitconostoc 
mesenteroides [Hehre, 1941; Hehre & Sugg, 1942; 
Stacey, 1942]. Levan- and dextran-synthesizing 
enzymes are thus now available in sterile form. The 
two principal polysaccharides which bacteria form 
specificaily from sucrose may henceforth be in- 
cluded, together with glycogen and starch, in the 
category of macromolecular materials whose pro- 
duction can be effected in vitro at will. 

Nomenclatw'e 

Beijerinck [1910, 1912] coined the word viscosaccharase 
in generic designation of enzyme systems which mediate 
polywsaccharide-gnm production from sucrose. We propose 
to designate individual enzymes within this group in each 
case in accordance with the polysaccharide whose produc- 
tion is catalysed. Thus for levan-synthesizing enzyme: 
ievansucrase; for dextran-synthesizing enzyme : dextran- 
sucrase. Since the viscosucrases are very different in speci- 
ficity from phosphorylase, the enzyme whose activity 
mediates the production of starch or glycogen, it seems 
correct to retain for the dextran- and levan-synthesizing 
sj'-stems the nomenclature and classification proposed by 
Beijerinck. It should not be overlooked, however, that the 


over-all processes of levan and dextran production fit ill in 
any recognized class of carbohydrate-mediated reactions. 
The assignation of the dextran- and levan-synthesizing 
enzyme group to the sucrases can therefore at best be only 
tentative. 

The enzymes of levan hydrolysis are, as will be shown 
elsewhere, distinct from Ievansucrase. They belong by de- 
finition, together with inulase, to the class of polyfructo- 
sidases. They may conveniently be referred to, therefore, 
as levanases. 

EXPERIMENTAL 

Bacterial strains used. Three bacterial strains were selected 
for investigation after preliminary trials with a sucrose-agar 
medium had indicated their excellence as levan formers. 
The first was Bacillus subtilis, Marburg strain, the levan of 
which has been the subject of extensive chemical study 
[Hibbert <fc Brauns, 1931]. This species is typical of a large 
group of sporulating bacteria which induce levan deposition 
in sucrose- agar medium at a distance from the actual 
growth site of the colony. The second organism selected 
was an aerobic gas-producing spore former received from 
the National Collection of Type Cultures under the name 
B. polymyxa (Prazmowski) Migula [B. asterosporus (Meyer)] 
N.C.T.C. no. 4744. It differs morphologically in the mode 
of its levan production from organisms of the B.‘ subtilis 
tjrpe, depositing levan in sucrose medium at the celi-mediuni 
interface in the form of a giant capsule. The third test 
organism was a lactose-fermenting non-spomiating bac- 
terium isolated from a fruit-tree root in Jerusalem. Like 
B. polymyxa it produced levan at the cell-medium interface 
only. The organism is actively motile, possessing peritri- 
chous flagella. It feiunents glucose, fructose, lactose, 
sucrose, raffinose and mannitol with the production of acid 
and gas, but ferments glycerol, inulin and levan with pro- 
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cluctioii of acid only. Tke gelatine liquefaction test, and the 
methyl-red and citrate tests were all negative, and the 
Voges-Proskauer reaction positive. The organism therefore 
appeared to belong to the Aerobacter group. We propose for 
it the name A. levanicum. 

Estimation of levan. Levan is defined for the purposes of 
this investigation as material precipitable by 72% ethanol 
and hydrolysable to fructose by hot dilute acid of 2*0. 
A method was required which would permit a fairly precise 
assay of levan, as thus defined, to be made in small amounts 
of fluid when large amounts of sucrose or reducing sugar 
are also present. A satisfactory method was developed 
from data given for Bacillus subtilis levan by Hibbert, 
Tipson & Brauns [1931]. 

The following procedure was adopted: 1-0 ml. test solu- 
tion is added to 3*0 ml. ethanol in a centrifuge tube of 
15 ml. capacity. As a rule all levan present separates 
immediately as a flocculent sediment. If flocculation is 
slow, it can be hastened and rendered quantitative by the 
addition of a drop of 1 % CaClg . The suspension is centri- 
fuged, and the sedimented levan is freed from reducing 
sugar and sucrose residues by twice-repeated solution in 
H 2 O over a water-bath and precipitation each time with 
ethanol. Addition of a glass bead to the mixture facilitates 
these operations. The final sediment is taken up in 3*0 ml. 
0*5% oxalic acid and complete hydrolysis effected by 
heating in a boiling water-bath for 1 hr. Evaporation is 
restricted during this treatment by placing a glass bulb at 
the tube aperture. The hydrolysate obtained is neutralized, 
cleared with Zn(OH) 2 , and diluted to a suitable volume. 
The reducing power of the filtrate is estimated by the 
method of Somogyi. The amount of levan is calculated 
from the ‘glucose value’ by multiplying by a factor which 
allows both for the small difference in reducing power be- 
tween glucose and fructose, and for the entry of HgO during 
hydrolysis. The efficacy of the method was controlled on 
solutions of levan from B. subtilis of known concentration. 
Assays in the range 40-400 mg./lOO mi. yielded results 
reproducible within about 5 mg./lOO ml. Since the method 
measures ethanol-precipitated labile furanosidic polysac- 
charide as distinct from less easily hydrolysed pyranosidic 
polysaccharide, it is of high specificity, 

A rapid qualitative spot-test for polysaccharide in the 
agar gel medium was found useful. It is based on obser- 
vation of the turbidity change undergone by pieces of agar 
gel when they are immersed in methanol. If they contain 
levan they rapidly become milky white in the area of levan 
deposition. 

Estimation of fructose. Fructose was determined by 
m^ans of the specific reducing action of the keto-hexose on 
phosphomolybdotungstic acid. Reaction conditions indi- 
cated for method (1) of Davidson, Kermack, Mowat & 
Stewart [1936] were adopted, and the concentration of 
fructose was estimated colorimetrically against solutions of 
known fructose concentration similarly treated. Measure- 
merits were made in a Pulfrich photometer using filter S 61. 
Over a wide range of concentration the extinction values were 
found to be a linear function of the fructose concentration. 

Bterility of enzyme reaction mixtures. Numerous sterility 
controls were carried out. In the experiments with B. sub- 
tilis enzyme, the danger of contamination was very, great 
and strict asepsis had to be practised at all steps of the 
test. In the experiments with Aerobacter enzyme sterility 
was successfully maintained by the addition of a drop of 
thymol in chloroform to the mixtures. Enzyme prepara- 
tions and reaction mixtures were considered sterile only if 


direct microscopic examination and growth tests using both 
heavy and diluted inocula at the beginning and at the end 
of the experiments gave a uniformly negative result. Ex- 
periments in which contamination occurred were rejected. 

RESULTS 

A. Bacillus subtilis 

Production of levan by living cells 

Cultures of B. subtilis, grown in fluid medium con- 
taining sucrose, caused the appearance of a marked 
opalescence and an increasing viscosity associated 
with the appearance of a polysaccharide whose 
behaviour when isolated was that of tjqpical levan. 
The concentration level of levan in the medium 
depended on the conditions of the experiment [cf. 
Cooper & Preston, 1935]. It was particularly high 
in a medium which ensured a uniform supply of 
sucrose and a continuous removal, by dilution, of 
reaction products other than levan. To this end 
B. subtilis was inoculated into buffered 0*25 % pep- 
tone in phosphate solution contaiaed withiu a 
cellophane sac suspended in a large volume of 10 % 
sucrose in 0*25 % peptone. After 4 days at 30° the 
concentration of levan in the internal phase had 
reached a record level of 12*5%; outside the sac, 
the levan content remained nil. 

In sucrose-2-5 % agar medium, growth of B. sub- 
tilis and similar species is remarkable because of the 
appearance of a peculiar non-continuous coacervate 
pattern at a considerable distance from the actual 
growth site of the colony [Beijerinck, 1912]. Levan 
powder sprinkled on the sucrose agar diffused 
through the medium only very slowly and failed 
altogether to form within it characteristic coaoer- 
vate patterns of the type observed near B. subtilis 
colonies. There seemed to be strong evidence, there- 
fore, that levan coacervation at a distance from the 
bacterial colony growing on sucrose agar is due to 
the activity of a diffusible enzyme within the region 
involved. Resting cells of R. subtilis grown on 
sucrose medium and suspended in pure sucrose 
solution synthesized levan actively. In peptone 
cultures containing levan as sole source of carbo- 
hydrate, B. subtilis grew satisfactorily with forma- 
tion of much acid. 

Specificity. Corresponding substrate specificity in 
levan production between the strain of B, subtilis 
here employed and that studied by Harrison, Tarr 
& Hibbert [1930] was noted. In the experiments 
with our stram, a resting-cell tecimique was em- 
ployed. Mixtures were composed of 0-4 ml. physio- 
logical saline containing the thoroughly washed cell 
drop of 10*0 ml. sucrose -peptone cultm-es of R. 
tilis (harvested after 10 days of growth at 30°) and 
1*0 ml. of sterile 1-OM solution of sugar in Sorensen 
phosphate buffer pH 6*8. Levan assays were carried 
out both at the beginning of the experiment and 
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after -2 days’ incubation at 30°. Glucose, fructose, 
invert .sugar, trehalose, maltose, inelezitose, and 
methyl-jS-fructofuraiioside (sjrrup jDreparation after 
Menzies [1922]) failed to support ievan production. 
Sucrose and its galactoside raffinose, on the other 
' hand, were-readily built up into Ievan. Inulin was 
fermented by the cells with formation of some re- 
ducing sugar.' Levan coacervation was not evident, 
however, in mulin agar on which B. subtilis was 
gro\^Ti (cf. also Streptococcm salivarius [JSTiven, 
Smiley & Sherman, 1941]). 

The negative findings with methyl-j8-fructo- 
furanoside and inulin are in apparent disagreement 
with a generalization on ievan production formu- 
lated by Harrison et ah [1930]. This states that 
substances with a fructofuranoside terminal unit, 
hydrolysable by fructosidases, are suitable indirect 
substrates of levansucrase activity. Experiments 
with cell-free enz3me preparations may elucidate 
this question. 

Experiments on cell-free levansucrase 
/rom B. subtilis 

Sterile Seitz filtrates of B, subtilis cultures in fluid 
sucrose medium failed to produce Ievan in a de- 
tectable amoxmt. It was concluded either that 
levansucrase in the fluid culture is predominantly 
endocellular or that it is exocellular but absent from 
the filtrate because it is adsorbed during filtration 
on the Seitz filter pad. The situation in sucrose-agar 
medium is very different. Here levansucrase is 
actively secreted into the medium and can be effec- 
tively separated free from living cells by means of 
a technique of selective diffusion through agar gel 
originally invented by Beijerinck [1912]. 

Pieces of sterile agar medium composed of 0*5 % 
peptone, 0*1% E2HPO4 (pH 7*2), 2*5% agar and 
2*5% sucrose were laid out on a Petri dish and 
covered by corresponding pieces of gel medium 
similarly compoxmded but without sucrose. The 
pieces were about 1 cm. square and 3 mm. in thick- 
ness. B, subtilis was sown in heavy inoculation in 
the central area of each top piece. After incubation 
for 24 or 48 hr. at 30°, the top layers were aseptically 
removed. The sterile bottomlayers contained levan- 
sucrase. 

Pieces of agar containing levansucrase prepared 
as described were suspended in several volumes of 
4% sucrose solution at 37°. Large amounts of re- 
ducing sugar appeared in the medium and there 
was a progressive.increase in turbidity and viscosity 
with the formation of a non -reducing substance 
precipitable by 72 % ethanol and hydrolysed in hot 
dilute oxalic acid with liberation of fructose. After 
12 hr. incubation, 300 mg. levan/100 ml. were de- 
monstrable in the fluid phase as against virtually 
none in the fluid phase of control suspensions con- 


sisting of similar pieces of agar in HgO. The control 
and test mixtures remained sterile. It was therefore 
clear that production of Ievan had been accom- 
plished in the absence of living cells. 

Attempts to extract the levansucrase 

from the pieces of agar met with only limited suc- 
cess. Enzyme-containing pieces of agar, prepared 
as described above, were ground up with 4 % sucrose 
solution. A particle-free fluid which possessed syn- 
thesizing activity was separated from the mixture 
' by centrifugation. After incubation for 24 hr. at 
30°, this sucrose eluate contained 61 mg. Ievan/ 
100 ml. ; a boiled sample similarly incubated was 
found to be almost devoid of Ievan. In both cases 
the solution remained sterile. 

Diffusion of levansucrase and enzymically induced 
formation of Ievan as a coacervate in agar gel. It is 
evident from the method of preparation that levan- 
sucrase is secreted into sucrose agar by growing 
cells of B. subtilis > the secreted enzyme diffusing 
through the agar. To demonstrate this, a levan- 
sucrase -impregnated piece of agar was placed on a 
siixiilariy sized piece containing sucrose but devoid 
of enzyme. After 15 min. at room temperature the 
top piece was removed and the bottom piece, which 
at this time contained no sign of Ievan, was incu- 
bated at 30° for 24 hr. Although the bottom piece 
remained sterile, a typical Ievan coacervate was 
found throughout its interior at the end of the 
incubation. Further trials involving several super- 
posed layers of agar suggested that the rate of 
diffusion of measurable amounts of levansucrase 
through sucrose agar at room temperature was at 
least 0*1 mm./hr. (cf. Table 2). These results explain 
the ability of living B. subtilis to induce formation 
of Ievan coacervates in agar at a distance froni its 
site of growth. 

Effect of sugar on levansucrase production. Pre- 
sence of sucrose within the growth medium is a 
prerequisite for production of levansucrase by 
B. subtilis. When this organism "was gromi on an 
agar medium devoid of sugar or containing maltose 
or glucose instead of sucrose, the levansucrase 
activity of the gel medium was found to be nil. The 
secretion and probably also the formation of levan- 
sucrase by B. subtilis in agar medium ivould appear 
from this result to be strictly adaptive. Cells har- 
vested from broth cultures actively produced Ievan 
when suspended in sucrose solution if the latter had 
also been present in their growth medium, but 
produced little if any Ievan from sucrose wdien 
harvested from broth containing invert sugar as 
the sol© carbohydrate. 

Stability of the enzyme. Tl^e. enzyme m thermo- 
labile and is completely inactivated by brief ex- 
posure to 100°. Trituration under ethanol and 
acetone followed by rapid desiccation did not 
deprive levansucrase -impregnated agar of syntlie- 
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j sizing power [cf. Dienes, 1935]. By this treatment 

f the enzyme could be obtained in a form suitable 

I for prolonged storage. 

I ■ ■ ■ ■ 

I , ' B. Bacillus polymyxa 

( Production of levan by living cells 

j The growth of B. polymyxa in fluid culture media 

i containing sugar is associated with increases in 

viscosity and opalescence which are particularly 
marked when the medium contains sucrose. The 
I cells are found enclosed within a capsule which is 

I large when sucrose, and small when another sugar, 

e.g. glucose or lactose, is the sole source of carbo- 
i hydrate. The polysaccharide formed in the sucrose 

; medium was separated by ethanol precipitation 

after partial removal of cells by centrifugation, 
i After repeated solution in HgO and precipitation 

I by ethanol, the sticky precipitate was converted 

I into a friable powder by trituration under methanol. 

In the ease with which it could be hydrolysed, 

I liberating fructose, it resembled B. suhtilis levan. 

The polysaccharide formed by B. polymyxa from 
lactose, on the other hand, was of a different type. 
This product, itself non-reducing, failed to form 
reducing sugar when heated in N/lOO acid, and 
formed reducing sugar only when hydrolysed by 
1 hot 2N HCl (cf. Ghromobacter viscosum [Carruthers 

& Cooper, 1936]). 

I Discontinuous patterns of coacervated levan were 

I not induced in sucrose agar on which J5. polymyxa 

I was grown, although the cells themselves were found 

I embedded in a fluid mass from which levan has been 

isolated in good yield. Tests on pieces of gel from 
the vicinity of the cell colonies, carried out as 
described in the section on B. sybtilis enz3nne, failed 
to demonstrate the presence of levansucrase in the 
gel medium. Levansucrase is therefore obviously 
i present in B, polymyxa, but is endocellular, xmlike 

' the enzyme in B, suhtilis and other levan-producing 

spore-formers on sucrase-agar medium. Peptone 
f medium containing levan (formed by B. suhtilis or 

; B, polymyxa) as the source of carbohydrate sup- 

I ported active growth of B. polymyxa with vigorous 

S production of acid and evolution of gas. 

I ' ’ C.' ABBOBACaiEB,.LEVA2IICUM 

I Levan synthesis with living cells 

In a fluid medium with sucrose or rafflnose as 
the source of carbohydrate, A. levanicum became 
heavily encapsulated, and the increase of viscosity 
and opalescence of the medium was found to be 
associated with the appearance of a levan. This was 
not bound to the cells, and was isolated rapid 
centrifugation to remove cellular material, followed 
by precipitation in 75 % ethanol and trituration of 
the gummy precipitate with absolute methanol. 


L 


The white powder thus obtained gave viscous 
opalescent aqueous solutions and yielded fructose 
on heating in 0-5 % oxalic acid. The cells were not 
encapsulated nor was the polysaccharide formed 
when disaccharides other than sucrose and raffinose 
constituted the source of carbohydrate in the 
medium. Negative results were also obtained with 
invert sugar and all common hexoses. 

When A. levanicum was grown on sucros'e agar, 
discontinuous patterns of coacervated levan were 
not seen within the gel. The cells themselves, how- 
ever, were foxmd entirely and deeply embedded in 
a viscous semi-fluid mass from which polysaccharide 
material having the properties of levan could be 
isolated in high yield. 

A. levanicum on a medium containing levan as 
the sole source of carbohydrate grew slowly with 
some formation of acid but not of gas. Resting 
cells of A. levanicum ^ere active levan producers 
(Table 3). Strains of A, aerogenes ferment sucrose 
and rafflnose but, unlike A. levanicum, failed to 
induce levan production. 

Levan synthesis with dried cells 

After 2 days’ growth at 30"^, cells were harvested 
from 50 ml. nutrient broth containing 4 % sucrose. 
Immersion of the thoroughly washed cells in ethanol 
and ether, followed by rapid desiccation in vacuo, 
converted them into a dry sterile powder. Wlien 
suspended in 2-0 ml. sterile 5% sucrose at 37°, the 
cell powder induced formation of levan to a level 
of 324 mg./ 100 ml. within 20 hr. Wlien an equal 
amoimt of powder was suspended in HgO instead 
of sucrose, only negligible amounts of levan were 
demonstrable after the same period. 

Experiments on cell-free levansucrase 
from A. levanicum 

Attempts to isolate levansucrase from A. levani- 
cum by methods dependent on ultrafiltration, e.g. 
the technique of selective diffusion in agar as applied 
in the case of B. suhtilis, were negative. Levan- 
sucrase in A. levanicuyn appeared to be entirely 
endocellular. Methods of direct preparation from 
the ceil itself were in this case feasible, since 
A. levanicum was readily killed by treatments which 
were not destructive of its activity towards sucrose. 
By ethanol-ether treatment or by autolysis in the 
presence of thymol and chloroform, sterile prepara- 
tions of levansucrase could be obtained which 
possessed good synthetic power and were suffi- 
ciently stable for quantitative study. 

Levan synthesis with cell autolysate. Preparation 
in this form was possible by autolysis of the cells in 
the presence of thymol and chloroform. The fol- 
lowing routine was adopted: A. levanicum was 
cultivated in 1 1. conical flasks at 30° in a two -phase 
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m,editim consisting of a bottom solid layer of nii- 
"■■trient agar 'devoid of sucrose, and a thin top layer 
of 2 % aqueous sucrose. , After 20 hr. the cells were 
harvested, rinsed repeatedly in H3O to free them 
from medium constituents and levan, and finally 
left to autolyse at 37° under HgO containing a little 
thymol and chloroform. The volume ratio of culture 
medium to autolysate fluid was 100:1. After 24 hr. 
autolysis, the suspension was sterile. The dry- 
matter content of the faintly opalescent supernatant 
fluid from the autolysate was approx. 0*3%,. If 
properly prepared it was entirely free from visible 
suspended particles. It contained no levan and did 
not reduce Eehling’s solution. It had little or no 
protein precipitable by trichloroacetic acid. It con- 
tained constituents which reduced I2 in alkaline 
medium; they "were neither removed by dialysis nor 
by clearing with Zii(OH) 2 , The fluid rapidly de- 
colorized alkaline permanganate in the cold. 

In sucrose solution buffered at pH 5*0, to which 
a little thymol in chloroform was added to maintain 
sterility, the autolysate induced progressive changes 
similar to |}hose described above for B. subtilis 
levansucrase. The solution mixtures, which re- 
mained uniformly sterile, showed a progressive 
accumulation of levan polysaccharide (see Table i). 
The rate of reaction was maximal at the outset of 
incubation, and then fell off rapidly. Within the 
first hour the fluid autolysate, in a mixture com- 
posed as indicated in Table 1, synthesized about 
100 polysaccharide/ 100 ml., i.e. an amount 

appriOximately equal to the dry weight of enzyme 
used. The activity of different lots of enzyme varied 
however, being dependent among other things on 
the number of bacterial cells harvested. 

Table 1. Formation of levan, reducing sugar, and 
associated changes in viscosity, induced by an 
autolysate of Aerobacter levanicum in sucrose 
solution 

Mixtures: 1-0 ml. supernatant enzyme fluid; 1-0 ml. 15% 
sucrose; and 1*0 ml. Sorensen Na-citrate buffer pH S-O. 
Temp. 37^:, 

Viscosity was determined in an Ostwald viscosimeter. 


Incu- 

Levan 


Reducing 

sugar 

Ratio of 

bation 

as mg. 


as mg. 

reducing 

time 

glucose/ 

Relative 

glucose/ 

sugar to 

min. 

100 ml. 

viscosity 

100 ml. 

levan 

0 

0 

1-GO 

0 

, : , 

120 

248 

1-06 

820 

3-3 

255 

330 

1-12 

1110 

3-4 

345 

341 

M7 

1285 

3-8 


The changes noted failed to develop m the ab- 
sence of sucrose, or with boiled enzyme. Dialysis 
against distilled HgO left, the activity of the auto- 
lysate towards sucrose unchanged. The catalytic 
properties of the cell extracts must be ascribed. 


therefore, to the action on sucrose of an enzyme 
system, levansucrase, which is typically thermo - 
labile and noii-dialysable. 

The amount of reducing sugar liberated is con- 
siderably larger than the amount of friietoside 
material found as polysaccharide (Table 1). In no 
experiment was the ratio of reducing sugar to levan 
appreciably less than 3, and- It was frequently 
greater. The ratio of reducing sugar to levan as 
shown by Table 1 is variable, and rises markedly 
with increasing incubation time. Both glucose and 
fructose can be identified in the reducing fraction. 
Moreover, Aerobacter strains other than that here 
described readily ferment sucrose and raffinose 
though they form no levan from these substrates. 
It may be assumed, therefore, that side by side 
with a levan -forming enzyme there is present in 

A. levanicum autolysate an ordinary iiivertase. It 
is still undecided whether the latter is indispensable 
to the process of levan formation [cf. Owen, 1923; 
Harrison et aL, IdZO; Norman, 1937]. 

Diffusibility of levansucrase from A. levanicum 
and deposition of formed levan in agar gel, Levan- 
sucrase of A, levanicum, imlike that of B, subtilis, 
is non-diffusible in 2*5% agar gel. An experiment 
which show^s the difference in diffusibility’' between 
the sterile levansucrase of the two bacteria strains 
is given in Table 2. This finding suggests that 
ievansucrases of B, subtilis and of A, levanicum 
respectively are of different miceiiar size. 

Table 2. Diffusibility of levansucrase of Bacillus 
subtilis and Aerobacter levaniomii in agar gel 

Levan reaction at various 
depths of agar gel 


0-2 2-4 4-8 6-8^ 

"Agent mm. mm. nim. mm. 

B. subtilis: 

Living cells + + -f + -f +. 4- 4. -|- 

Levan powder 4. 4. 4. _ , _ „ 

Levansucrase (gel) 4-4-4- 4.4-' 4,4, 4. 

A, levanicum: 

Living cells , 4-4. 4, _ _ _ 

Levan powder 4- 4.4- _ 

Levansucrase (fluid) + 4- - ™ - 

: Levansucrase 4- + - , 

(cell-residue) 

,, ;2 nim. layers^ of 2*5%, agar gel containing 4%, sucrose 
were superposed and the source of levan allowed contact 
with the top layer. Tests for levan were carried out on the 
different agar layers after 24 hr. incubation at 30°. 

, positive levan reaction; - , negative levan reaction. 

When A. autotysate is left in contact 

with sucrose -agar gel under sterile conditions for 
several days, levan is formed, which is particularly’^ 
concentrated in the fluid lay?-er immediately above 
the gel, and is in greater dilution throughout the 
fluid phase. A very thin lay^er of levan is deposited 
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at the gel-enzyme interface, but no levan is found 
in the agar at depths greater than 1*0 miii. It 
seems therefore that the conditions of this experi- 
ment correspond with those which are associated 
with capsule formation in living cultures. 

Effect of sugar on levansucrase production. In 
■B. suhtilis the production of levansucrase is adap- 
tive, but in levanicum its production is consti- 
tutive (Table 3). The levansucrase activity of cells 
from media containing sucrose or invert sugar is 
seen to be very similar. From media without added 
sugar, enzyme preparations of lower activity were 
obtained, probably because cell growth in the 
absence of carbohydrate was poor. 

Table 3. Effect of sugar on production of 
levansucrase by Aerobacter levanicum 

Levan 

formation 

Synthesizing Sugar in from sucrose 

Exp. agent medium mg./ 100 ml. 

A Eesting ceils Sucrose 204 

Invert sugar 208 

B Autolysate Sucrose 140 

Invert sugar 100 

None 34 

50 ml. broth, containing 4% of the test sugar (if present), 
were incubated, after inoculation, for 2 days at 30°. The 
cell harvest (or the autolysate therefrom) was suspended 
in 3 ml. 0*9 % NaCl and sucrose added to a final concentra- 
tion of 5%; the mixture incubated for 20 hr. at 37°. In 
resting-celi mixtures antiseptic was not added. Levan was 
determined on mixtures cleared by centrifugation. In the 
absence of sucrose, levan content was nil. 

Stability of enzyme. Levansucrase from A. levapi- 
cum possesses considerable stability and its solutions 
should prove well suited for chemical manipulation 
with a view to enzyme purification. Experiments 
showing the potency of the enzyme solution after 
storage at different temperatures are summarized 
in Table 4. 

Table 4. Stability of solutions of 
Aerobacter levansucrase 


Conditions of storing 
of enzyme 


Temp. (°C.) 

"' 4 ' 


Time (days) 


Activity of enzyme 
(mg. levan/100 ml. 
formed in 20 hr. 
at 37°) . 

241 

243 


Mixtures contained 1-0 ml. enzyme fluid; 1*0 ml. sucrose 
15%; 1-0 ml. Na-citrate buffer (Sorensen) pH 5*0. 


It has already been noted that cell-bound enzyme 
remains active after exposure to sterilizing treat- 
ment with ethanol and ether. The soluble enzyme 
is similarly stable. Its solution added to 3 parts of 
ethanol, with addition of a drop of dilute CaClg, 
deposited a light voluminous precipitate which, 
after separation by centrifugation and resolution in 
water, showed a synthesizing activity about one- 
half that of the original solution. Enzyme powder 
suitable for prolonged storage has also been ob- 
tained by desiccating the autolysate in the frozen 
state in high vacuum; there was some loss of 
activity. 

Nature of polysaccharide produced by levansucrase 
from A. levanicum. More than 9 g. polysaccharide 
material have been prepared in the course of this 
work by the action of a solution of the enzyme on 
sucrose imder conditions of strict sterility. This 
material has been converted into a powder by tritu- 
ration under methanol. The material was non- 
reducing to Fehling solution, IN-free (Lassaigne), 
not hydrolysed by yeast invertase, and gave no 
colour reaction with Ig. Its aqueous solutions, in 
contrast to those of inulin, were markedly txirbid 
and viscous, and did not yield reducing sugar on 
boiling in neutral solution. It was rapidly con- 
verted to reducing sugar by boiling in A/"/ 100 HCL 

The gum -like material precipitated by ethanol 
was completely hydrolysed by treatment for 1 hr. 
at 95° with 0-5% oxalic acid. The total reducing 
sugar thus liberated and calculated as ‘glucose’ was 
shown to be fructose by the specific colorimetric 
assay of keto-hexoses by means of phosphomolybdo- 
timgstic acid. The hydrolysate formed glucosazone 
(m.p. 210°) with phenylhydrazine. The alcbhol- 
precipitable polysaccharide fraction therefore prob- 
ably contains only fructose, and, because of the 
ease of hydrolysis of the polysaccharide, the sugar 
is probably in the furanose form. 

The polysaccharide formed from sucrose by the 
action of A. levanicum autolysate is thus a levan. 
Whether the enzymically formed product is homo- 
geneous and identical with the Aerobacter levan ^ 
produced in vivo, and whether it is identical with 
other levans (e.g. that from cultures of spore- 
forming organisms [Hibbert & Brauns, 1931; Hib- 
bert al. 1931], from Actinomyces [Veibel, 1938], 
from certain bacterial plant pathogens [Lyne, Peat 
& Stacey, 1940], from a grass (Pea trivialis) and 
from barley [Challinor, Haworth & Hirst, 1934], is 
not known. 

■ SUMMARY 

1 , A micro -method suitable for the specific esti - 
mation of levan in the presence of large amounts of 
reducing sugar and sucrose is described. 

2. Levan production by Bacillus suhtilis (I), 
B. polymyxa (II), and a newly isolated non-sporu- 


1,1 
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lafcing species referred to as AerdboGter levanicum 
(III) has been studied. All three produced levan 
froin sucrose and raffinose. In I, levansucrase is 
formed adaptively; in III it is constitutive. In I, 
growing on sucrose agar, levansucrase is exocellular 
and diffuses through the medium; in II and III on 
the same medium, it. is endocellular. 

3. Levansucrase has been prepared cell-free from 
Illias an aqueous solution, as well as in soluble dry 
form. The cell-free enzyme systems act on sucrose 
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with rapid formation of levan and of reducing sugar. 
Certain physical properties of cell-free levansucrase 
from I and III have been studied. 

4. Levan has been prepared 'in substantial 
amount as a nitrogen-free powder by the action of 
sterile levansucrase from III on sucrose. Some 
properties of the enzyniically formed polysac- 
charide are described. 

The authors are indebted to Dr J. Leibowitz for his 
continued interest in the progress of this investigation. 
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Complement Activity and Vitamin G 
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(Received S May 1943) 


In recent years evidence has accumulated that 
deficiency of ascorbic acid impairs the defensive 
reaction of the organism towards infection. There 
have been many attempts to correlate this anti- 
infective effect more specifically with factors par- 
ticipating in rammiological reactions [cf. Perla & 
Marmorstan, 1941]. The greatest attention perhaps 
has been paid to the possible correlation between 
the complement activity of the serum and the 
vitamin C intake. 

• Although Zilva [1919, 1936] found no significant 
change of complement titre in scorbutic guinea- 
pigs, Simola & Brunius [1933] and Marsh [1936] 
claimed a lowering of the complement activity with 
a low intake of vitamin C. Chakraborty [1937] 
could not confirm the finding that vitamin C 
deficiency affected the complement titre in guinea- 
pigs* ■ . : ■ 

More recently, Eeker, Piliemer, Martiensen, Wer- 


theimer & Grandis [1938 a], Eeker, Piliemer & 
Wertheimer [19386], Eeker, Piliemer, Griffiths & 
Schwartz [1939] and Eeker & Piliemer [1940] claim 
to have established a direct correlation between the 
complement activity of the serum and its concen- 
tration of vitamin 0. They based their conclusions 
on average results without any statistical evaluation 
of the significance of the means. On the other hand, 
Maceoiini [1939] and Agnew, Spink & Mickelsen 
[1942] found no correlation between the edmpie- 
ment titres of guinea-pigs and their intake of 
ascorbic acid. In view of these conflicting findings, 
we have reinvestigated the question. 

The method of titrating the complement was 
based on the determination of 50 % haemolysis, 
and the results were statistically evaluated. It may 
" be said in advance that no significant changes were 
found in the complement titres of guinea-pigs at 
different levels of vitamin C intake. 
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COMPLEMENT ACTIVITY AND VITAMIN C 


EXPERIMENTAL 

Titration of complement. The end-point of the titration 
(‘complement titre’) was taken as the volume of serum, 
expressed in units of which one unit is equal to O’OOOl ml. 
of undiluted serum, needed to produce 50 % haemolysis in 
a standardized system described below. This arbitrary end- 
point, being on the steepest slope of the S -shaped titration 
curve, increases the accuracy of the titration [Brooks, 1920; 
Wadsworth, Maltaner & Maitaner, 1931]. The value so 
obtained expresses in reciprocal form the complementary 
activity of serum. Sheep cells derived from one source 
were used throughout the experiment and were standardized 
according to the procedure of Herbert [1941]. 

Blood samples measuring 2-3 ml. were obtained by 
cardiac puncture without anaesthesia. The serum obtained 
by clotting was diluted vdth 0*9 % buffered saline of ^H 7*4 
in a ratio 1:30, and eight tubes were set up containing 
different amounts of undiluted serum, ranging from 0-025 
to 0-002 ml. The volume of all the tubes was adjusted to 
0-75 ml. by the addition of buffered saline and 0-5 ml. of a 
suspension of sensitized sheep red cells was added. It was 
prepared 15-20 min. before use by mixing equal volumes 
of rabbit anti-sheep haemolysin and of washed sheep red 
cells containing 50 mg. haemoglobin/ml. The tubes were 
incubated for 30 min. in a water-bath at 37*^, cooled to 
2-4°, and 2 ml. of buffered saline were added to facilitate 
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the subsequent reading. After the mixture had been centri- 
fuged, the percentage of haemoglobin present in the super- 
natant fluid was estimated colorimetrically as described by 
Herbert [1941], The results were plotted on squared paper, 
the haemolysis-serum volume curve fitted and the value 
for 50% haemolysis read by interpolation. The titrations 
were usually done in duplicate. 

Animals. Two series of experiments were performed at 
different seasons of the year (June- July; Oct.— Dec.). 
Twenty- two guinea-pigs weighing 300-368 g. were used in 
the summer experiment. The second series, in winter, con- 
sisted of eighteen animals averaging 509 g. 

Basal diet. The basal diet contained oatmeal, bran, dried 
yeast, egg yolk, salt mixture and radiostoleum, with water 
ad lib. The solution of pure crystalline vitamin C was pre- 
pared daily and pipetted into the mouths of the animals. 

Supplements of vitamin C. As will be seen from Table 1, 
the eleven animals in group 1 (summer) were maintained 
without ascorbic acid; animals in group 2 (controls) w^ere 
given a daily dose of 5 mg* of ascorbic acid plus 15 g. of 
cabbage. 

In the winter experiment (Table 2) the diets of the guinea- 
pigs in group 3 (five animals), group 4 (seven animals), and 
group 5 (six animals) were supplemented with 0-5, 1-0 and 
10-0 mg. of ascorbic acid, respectively. After 4 weeks the 
dose of ascorbic acid was interchanged in groups 3 and 5. 
The animals of group 3 then received 10 mg. and those of 
group 5 0-5 mg. daily. 


Table 1. Complement litres and weights of guinea-pigs on diets deficient in vitamin C 
• and supplemented with 5 mg. ascorbic acid plus cabbage 


No. 

Group 1 1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


Group,, 2 ,, 12 
13 
14, 

15 

16 
, 17 

18 

19 

20 

' „ 21 

■'...,.,.'22 


Ascorbic acid 
added 
mg./day 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mean 

General mean 
5 mg. + cabbage 


»> 

Mean 


Complement titres 
units (one unit =0-0001 ml. 

of undiluted serum) Wt. (g.) 

Week Week 

A 


2nd 

3rd 

4th " 

r 

0 

2nd 

3rd 

4tk 

64 

60 



306 

348 

261 

219* 

81 

62 

■ 

327 

380 

272 

237* 

50 

53 



335 

- 370 

373 

205* 

66 

46 

■ 

308 

334 

257 

Died 

66 

64 



312 

344 

244 

188* 

62 

64 

_ 

309 

342 

257 

^ Died 

50 

72 

__ 

306 

338 

216 

Died 

53 

50 



368 

386 

325 

224* 

60 

72 



340 

364 

258 

202* 

50 

80 



304 

324 

200 

Died 

66 

71 


330 

335 

291 

192* 

61 

63 






62 






60 

37 

64 

335 

346 

367 

' 372' 

64 




310 

389 

Died 

' ; 

66 

54 

60 

301 

384 

426 

250 

66 

61 

70 

320 

382 

410 

^ 441 

72 

58 

56 

308 

394 

444 

490 

54 

43 

50 

306 

360 

366 

380 

51 

59 

65 

346 

386 

425' 

485 ' 

55 

64 

54 

343 

409 

439 

495 

64 

58 

66 

308 

347 

354 

378, 

58 

63 

72 

339 

386 

404 

442 

71 

60 

62 

318 

370 

401 

432 

62 

56 

• 62 






General mean 


60 


* Animals died on 22nd-25th day of experiment. Weight is that on day of death. 
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Table 2. Gomplemeyit litres and weights of guinea-pigs on scorhutogenic diets supplemented 
with 0*5, 1‘0 and 10-0 mg. ascorbic acid 


Complement titres 

Bose of units (one unit = 0*0001 ml. of 

vit. C undiluted serum) in animals Wt. (g.) of animals 


Group Week 

mg-/ ^ 

day No. 23 

24 

25 

26 

27 

•w 

Mean 

No., 23 

24 

25 

'26 

.27 

3 0 

0-5 



— 

— 

— 

— ’ 


470 

450 

375 

550 

570 

2 

0-5 

— 

— 

— 

55 

78 

69 

525 

485 

457 

470 

386 

4 

0-5 

92 

63 

70 

57 

. — 


.515 

483 

380 

432 

Bied 

7 

10-0 

38 

49 

— 

— 

-j 


470 

480 

Died 

Died 

, — 

9 

10-0 

70 

50 

— 

— 


Oo 

450 

510 

— 

— 

— 



00 

29 

30 

31 

32 

33 

34 


No. 28 

29 

30 

31 32 

33 

34 

0 

1-0 

— 

— 

— 

— 

— 

— 

— ' 

— 

640 

570 

570 

520 530 

485 

450 

4 

1-0 

65 

92 

66 

66 

82 

58 

61 

70 

660 

550 

580 

490 500 

595 

500 

7 

1-0 

85 

68 

51 

55 

65 

36 

50 

59 

665 

575 

610 

580 367 

630 

505 

9 

1-0 

63 

54 

50 

49 

— 

42 

45 

50 

665 

610 

610 

635 Bied 

625 

550 









Mean 

60 








No. 35 

36 

37 

38 


39 

40 


No. 35 

36 

37 

38 

39 

40 

0 

— 

— 

— 

— 

— 


— 

— 

— 

500 

460 

450 

490 

525 

555 

2 

100 

— 

50 

— 

— 


— 



450 

480 

500 

540 

550 

600 

4 

10-0 

'57 

55 

72 

67 


70 

72 1 

61 

440 

545 

510 

580 

570 

575 

7 

0-5 

— 

80 

197 

49 


— 

— 1 


470 

445 

435 

585 

620* 

545* 

8 

0-5 

46 

61 

63 

— 


64* 

46*1 

80 

470 

460 

420 

595 

650* 

520* 

9 

0-5 

48 

50 

147 

57 


60* 

f 

485 

465 

380 

600 

600* 

Bied 


* Guinea-pigs 39 and 40 supplemented with 10*0 mg. 

ascorbic acid daily throughout. 




RESULTS 

Exp. 1 {summer). The complement titres (Table 1) 
of deficient guinea-pigs ranged from 50 to 81 units, 
with a mean of 61 in the second and 63 in the third 
week of deficiency. The average of all samples had 
a value of 62 units. The controls maintained on a 
supplement of 15 g. of cabbage plus 5 mg. of as- 
corbic acid showed an average for all samples of 
60 units (Table 1), 

While the weights of the controls increased 
steadily, the deficient animals started losing weight 
in the third week of the experiment and died in the 
following week. 

Exp, 2 (winter). The guinea-pigs in group 3 
(Table 2) receiving 0*5 mg. of ascorbic acid daily 
for the first 4 weeks, showed an average comple- 
ment titre of 69 units. When the supplement of 
vitamin C was increased to 10 mg., their titre had 
a value of 53 imits. 

Croup 4, having a supplement of 1 mg. of ascorbic 
acid, showed average titres of 70, 59, and 50 units 
in the fourth, seventh and ninth weeks, respectively. 
The general mean from all the samples of serum 
was found to be 60 imits. The weight of the animals 
remained at a steady level or showed a slight 
increase. 

The animals in group 5, supplemented with 
10 mg. of ascorbic acid for 4 weeks, had an average 
titre of 61 units. After changing to a partially 
deficient dose (0*5 mg.), the average value of the* 
titre w^s found to be 80 units. The weight of all 
but one animal increased steadily when adequately 


supplemented with vitamin C. The gain, however, 
was less than that of the controls in Exp. 1, re- 
ceiving 15 g. of cabbage in addition to the 5 mg. of 
ascorbic acid. Wlien the guinea-pigs of group 5 
were put on a partially deficient diet in the fourth 
week, they either lost weight or remained at an 
almost steady level. 

Statistical calculations 

It has been claimed [Ecker et al. 19386] that a com- 
parison of complement titres between groups of guinea-pigs 
on different levels of vitamin C intake is unsatisfactory, 
and that data from the same animal with various levels of 
vitamin 0 intake are preferable. Exp. 2 was therefore per- 
formed in such a way as to allow a statistical evaluation on 
this basis. In addition, the significance of the differences 
between groups on different levels of vitamin C intake was 
also calculated. The method of anabasis of variance was 
employed throughout [Eisher, 1938; Goulden, 1939]. 

Significance of differences between groups 1 and 2. The 
average values of, the complement titres of the deficient 
guinea-pigs (group 1) did not differ appreciably from the 
average values in group 2, which had received supplements 
of cabbage and vitamin C. The general mean (60 units) of 
aU samples collected during a period of deficiency agreed 
almost exactly with the general mean (62 units) of the 
control group, This insignificant difference between the two 
means makes a statistical evaluation almost unnecessary. 
The mean difference betw^een groups 1 and 2 amounts to 
—•1*76. When the t test was applied, the difference was 
found to be insignificant (^= 0-797, while t tabulated for 
P 0-05 is 2-23). The standard error was calculated from the 
mean of titres of guinea-pigs bled on the same day. 

Significance of differences between guinea-pigs maintained 
on doses of 0 5, hO and 10-0 mg. of ascorbic acid. When the 
means of the complement titres for the different levels of 
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vitamin 0 intake were calculated, irrespectively of groups, 
I the following values were found : 

i Mean of complement titre&for 

I 0*5 mg. ascorbic acid daily = 75-8, s± 10-16 units 

1-0 mg. ascorbic acid daily=60-3, s± 3*19 units 
I 10-0 mg. ascorbic acid daily =58-6, 6‘± 3-03 units 

I " ' ■ ■ ' . 

[ ■ The above values may indicate a slight increase in com- 

j plement activity with an increase of ascorbic acid in the 
^ diet. When, however, the value of F, i.e. the ratio of group 

i mean square to error mean square, was calculated, it was 

I found that i^=2-25; tabulated F for 5 % pomt=3*19. It 
may therefore be concluded that no significant differences 
had been established. 

Significance of differences within group 3. Complement 
litres of partially deficient guinea-pigs were compared with 
i those of the same animals in the later part of the experi- 

I ment, when they were given an adequate amount of 

I vitamin C. The variance ratio was F=2'Q2; tabulated F 

I for 5% pt.= 19-0. 

There is therefore no significant difference between the 
titres of the same animals on different levels of intake of 
vitamin C. 

I Significance of differences within group 4. In this group, 

I which had a supplement of TO mg. of ascorbic acid through- 

I out, the titres obtained at different periods of the experi- 

l ment (4th, 7th and 9th weeks) were analysed. The variance 

i ratio was j?^=3-91; tabulated F for 5% pt. = 3-98. 

j As F found is only slightly below the value of F tabu- 

I lated, the differences are almost significant. This conclusion 
I is interesting as the complement activity increased slightly 
I during the course of the experiment, which is contrary to 
' the findings reported by Ecker & PiUemer [1940]. 

Significance of differences within group 5. Although the 
means of complement titres showed an apparent increase 
from 61 to 80 units when the dose of ascorbic acid was 
i decreased from 10*0 to 0-5 mg. daily, the variance ratio for 
these findings -was Ps= T08; tabulated F for 5 % pt.=4-35. 

The change of complement titre is therefore not signi- 
f ficant. 

i' Analysis of differences between individual guinea-pigs and 

; error of method. Complement titres of individual guinea- 
pigs witliin groups did not vary significantly when their 
<* variance was compared with the respective error variance. 

I Erom duplicate samples the standard deviation of a single 
titration has been calculated (s=2*33; «=60-l). There is 
therefore a probability of only 1 in 20 that the titres 'will 
be outside the Hmits of ± 8 % . 

■; DISCUSSION 

Experimental precautions were taken to eliminate 
I variables other than vitamin C intake which might 

i influence the result* Also by a proper statistical 

; evaluation we eliminated to a certain extent varia- 
tions due to causes other than vitamin C intake, 
f Thus we took care to bleed the animals without 
using anaesthetics, which are beheved to increase 
the concentration of ascorbic acid in the blood 
[Eckes 625 a^. 19386]. We also used the same animals 
as controls for their subsequent complement titres, 
by putting each animal as far as possible on two 
levels of vitamin C. The results, particularly those 
in groups 1 and 2, show without doubt that when a 
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reliable method of complement titration is used 
there is little, if any, difference bet'ween complement 
titres of individual guinea-pigs "within a group, no '|; 

matter whether they are maintained on a deficient , || 

or an optimal diet. We can confirm the conclusions 
of Brooks [1920] and Wadsworth et al. [1931] that 
the 50 % haemolysis gives consistent results with a 
low degree of experimental error [Traub, 1943]. 

It is evident that we could find no influence of 
the intake of vitamin C on the complement titre. 

Only in group 4 were the differences between com- 
plement titres almost significant. In this group, 
the figures refer to samples of blood withdrawn 
from the same animals at different times of the 
experiment. It may, however, be noted that the 
complement activity of the sera was either un- 
altered or improved slightly, quite contrary to 
expectation based on the findings of Ecker et al. 

[193 8 a] and Ecker & Pillemer [1940]. The guinea- 
pigs had a supplement of only 1 mg. of ascorbic 
acid, which certainly was not sufficient to mauitain 
optimal growth. If vitamin C influences comple- 
ment titres in the way claimed there should there- 
fore have been a decrease of complement activity 
in this group. 

The agreement betw’een the average complement 
titres of group 2 (Exp. 1) and those in Exp. 2 seems 
of interest. Tire animals in group 2 were maintained 
on a diet supplemented with cabbage as well as an 
adequate dose of ascorbic acid, and thus received 
other essential dietary factors [cf. Kohler, Elvehjem 
& Hart, 1938]. The influence of these could be ob- 
served from their improved gains in weight. Never- 
theless, their complement titres did not differ frorn 
those of the guinea-pigs which received an adequate 
supplement of vitamin C alone (Exp. 2). Apart 
from this, although the two experiments were per- 
formed in the summer and winter months respec> 
tively, no seasonal influence, such as has been 
claimed, could be observed. 

The weights of the guinea-pigs given in the tables 
show conclusively the influence of the different 
levels of vitamin C intake. Also, post-mortem 
findings confirmed the presence of scorbutic changes 
in the deficient animals. 

Our conclusion that the state of nutrition with 
regard to vitamin C has no influence upon the 
complement activity of serum is in agreement with 
results of Crandon, Lund & Dill [1940] in human 
scurvy. Spink, Agnew & Mickelsen [1942] and 
Feller, Roberts, Ralli & Francis [1942] arrived at 
similar conclusions. Further indirect evidence of 
the lack of positive correlation between vitamin C 
and complement activity is the finding that al- 
though newborn infants have a higher vitamin C 
concentration in plasma than their mothers 
[Mindlin,, 1940] they have a significantly lower 
complement activity [Traub, 1943]. 
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Altlioiigli we could not find any relation between 
complement and, vitamin C, we do not wish to draw 
any conclusions as to the possible influence of the 
vitamin, on other jiiimiinologieai processes. The 
exact significance of complement in immunology is 
in aiiy case still uncertain. 


SUMMARY 

1. Complement titrations, using 50 % haemolysis 
as the end-point, were performed on forty guinea- 
pigs maintained on different levels of intake of 
vitamin G, and the results were evaluated statis- 
tically. 

2. No significant change in complement was 


found to occur m guinea-pigs partially or com- 
pletely deficient in vitamin G. 

3. Addition of cabbage to the diet did not result 
in any change in the complement titre as compared 
with that of guinea-pigs whose diet was supple- 
mented with adequate amounts of synthetic vita- 
min €. 

4. The significance of these results is discussed. 

We wish to thank Dr L. J. Harris, at whose suggestion 
this work was undertaken, for his valuable advice and 
interest throughout the experiment, Prof. H. R. Dean for 
his interest and facilities for work in his Department for 
one of us, Dr J, 0. Irwin for his criticism of the statistical 
calculations, and Mr S. Impey for his help in the care of 
the experimental animals. 
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Antigenic Properties of Hyaluronic Acid 

By j. H. HUMPHREY {Jermev M.erkovisl Sttudeut), The Lister Institute of Preventive Medicine, 

Elstree, Herts 


(Received 5 May 1943) 


Hyaluronic acid has been shovm by Meyer and 
colleagues [Meyer & Palmer, 1936; Meyer, Smyth 
So Dawson, 1939; Meyer & Chaffee, 1941] to occur 
in the vitreous huniour, synovial fluid, skin and 
umbilical cords of various mammals and by the 
author (unpublished) to occur in the lung tissue. 
Although the detailed structure of this substance 
has not been worked out, the work of Meyer and his 
collaborators [reviewed by Meyer, 1938] has shown 
hyaluronic acid to be a polysaccharide of high mole- 
cular weight, composed of rinits containing one 
residue of N-acetyl glucosamine linked with one of 
glucuronic acid. Existing evidence suggests that 
specimens of hyaluronic acid prepared from different 


sources are chemically identical. A polysaccharide 
which is probably identical has been obtained from 
capsulated streptococci of groups A and C by 
Kendall, Heidelberger & Dawson [1937] and by 
Seastone [1939]. The cap|ules of these organisms 
are destroyed by an enzyme — ^iiyaluronidase^ — ob- 
tained from other straias of streptococci or from 
various, other sources [McClean, 1941]. Their pre- 
sence is associated with the \druient stage of 
the organisms, but when either whole organisms 
or purified capsular material were injected into 
rabbits they failed to give rise to detectable 
circulating antibodies against the capsules [Seastone, 
1939]. 
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In view of these results it seemed of interest to 
investigate more closely the antigenicity of hyalu- 
ronic acid, since not only would specific antisera to 
this substance be of diagnostic value and possibly 
of therapeutic use, but the question of antibody 
production in this instance has a general bearing on 
theories of antibody formation. It was known (un- 
published information from Dr W. T. J. Morgan), 
that combination of hyaluronic acid with the specific 
protein obtained from Shigella dysenteriae by 
Morgan & Partridge [1940] was ineffective in con- 
ferring antigenic properties, although with other 
polysaccharides [Morgan & Partridge, 1940; Par- 
tridge & Morgan, 1940, 1942] this method is very 
successful. Recourse was therefore had to the 
method used by Goebel & Avery [1931] in their 
work on the artificial coupling of type HI Pneumo- 
coccus polysaccharide to protein by means of a 
p-aminobenzyl ether linkage. The method of Goebel 
& Avery was not directly applicable to hyaluronic 
acid since it was found that the number of p-nitro- 
benzyl ether groups introduced varied with the 
proportion of p-nitrobenzyl bromide to hyaluronic 
acid used, and the different products had very 
varied solubilities in HgO and in organic solvents. 
It may be assumed that the product containing the 
minimum number of introduced groups is to be 
preferred, provided that there are enough for 
effective coupling, since extra groups may mask or 
modify a weakly antigenic grouping in addition to 
conferring their own antigenic specificity. A sub- 
stance has now been prepared containing approxi- 
mately one p-aminobenzyl group per glucosamine 
residue, it was coupled to horse serum albumin 
and to normal rabbit serum, the former being used 
for immunizing and the latter as test antigen, 
thereby eliminating the effects of non-specific anti- 
bodies. 

EXPERIMENTAL 
(a) Chemical 

Hyaluronic acid. The starting material was the potassium 
salt of hyaluronic acid prepared from human umbilical 
cords, purified by repeated extraction with 90 % phenol 
solution and by repeated precipitation from aqueous solu- 
tion at pH 9-10 by IJ vol. of ethanol saturated with K 
acetate. It contained only 75% of the theoretical gluco- 
samine content as determined by Hewitt’s modification 
[Hewitt, 1938] of the method of Morgan and Elsou, and was 
contaminated mth finely divided insoluble haematin de- 
rivatives extracted with the hyalmonic acid from the cords. 
These impurities were very difficult to separate from the 
highly viscous hyaluronic acid without destroying its vis- 
cosity. They were, however, readily removed by centrifu- 
gation after treatment with p-nitrobenzyl bromide as shown 
below. (Later this work was repeated on a smaller scale 
using the pure K salts of hyaluronic acid as starting 
material, with similar results.) 

Anmiobenzyl ether of hyaluronic acid. To 150 ml. of a 
1 % solution of hyaluronic acid was added 0*8 g. of finely 


powdered p-nitrobenzyi bromide. The mixture was heated 
to 100 ° on a water-bath and 0-75 ml. 20 % HaOH added 
drop-wise and with vigorous stirring during a period of 
15 min. Heating was continued for a further 30 min. and 
the material then neutralized with a drop of acid, steam- 
distilled to remove traces of p-nitrobenzyl alcohol, and 
centrifuged to remove insoluble matter. The clear solution 
was dialysed against 3 1, of distilled HgO and was finally 
dried in vacuo from the frozen state, to give 0*7 g. white, 
very hygroscopic material. Analysis on dry basis: 

4‘65 % ; glucosamine = 38*5 % ; glucosamine/N ratio= 84; 
ash negligible. [a]^^°= — 58°. Viscosity of a T% solution 
in a crude Ostwald viscosimeter was O'Sx HgO, (Theory 
for mono-nitrobenzyl derivative of hyaluronic acid: 
N~5'25%; glucosamine =33*6%; glucosamine/ISr ratio 
==64.) 

The solution of the p-nitrobenzyl ether was reduced with 
saturated ]N'a 2 S 204 solution at 50°, the reaction being main- 
tained at approximately pH 7, more ]S[a 2 S 204 being added 
mitil the solution bleached litmus paper. It was then 
dialysed against distilled HgO until the dialysate gave no 
yellow colour with Ehrlich’s reagent, indicating that the 
diffusible arnino-groups had been removed. The contents 
of the dialysis bag still gave a definite yellow colour with 
Ehrlich’s reagent. The solution was evaporated to small 
volume in vacuo ^ and dried in vacuo from the frozen state to 
yield 0*6 g. of a very pale yellow hygroscopic aminobenzyl 
ether of hyaluronic acid. Two samples prepared indepen- 
dently from separate lots of hyaluronic acid gave the follow- 
ing analyses on a dry basis. Sample 1: X=4-75%; ghico- 
samme=40%; glucosamine/N ratio =8*4; [a]^®‘’= — 40°; 
viscosity of 1% solution— 8*5 x HgO. Sample 2: 
5*00%; glucosamine =40%; glucosamine/lsr ratio=8*l; 
[a]|®'’= —65°; viscosity of 1 % solution=8*6x HgO. 

Theory for mono -aminobenzyl ether of hyaluronic acid 
is X=54%; glucosamine =34*5%; glucosamine/N ratio 
= 6*4. These analyses, although in fair agreement with one 
another, do not exactly conform to those expected if one 
aminobenzyl group is coujiled to one hyaluronic acid unit. 
A compound containing 0*66 aminobenzyl groups per 
hyaluronic acid unit could theoretically give the following 
analysis : N= 4*9 % ; glucosamine— 37*5 % ; glucosamine/N 
ratio =7* 7, which is in close agreement with the figures 
obtained. In view of the present uncertainty concerning 
the detailed striictme of hyaluronic acid no reason can be 
given why, under the conditions used, there should be 
formed a compound which appears to consist of two amino- 
benzyl groups per three hyaluronic acid units, nor even 
whether it is a definite compound. No additional information 
can be obtained from values for the specific rotation, as these 
vary from preparation to preparation of hyaluronic acid. 

The compound was acted on by testicular hyaiuronidase 
to yield a substance giving the coloiu' reaction for N-acetyl 
glucosamine. In 1 % solution it gave also a definite yellow 
colour with Ehrlich reagent, and after diazotization fol- 
lowed by removal of excess HNO 2 with ammonium sulpha- 
mate, a good pink colour was given with a 0*5 % solution 
of N-1 -naphthyl ethy^lenediamine, indicating the xwesence 
of an aromatic NHo group. In order to rule out the possi- 
bility that the yellow colour given with Ehrlich’s reagent 
might be due to a mixture of unchanged hyaluronic acid 
and traces of p-aminobenzyl alcohol, the substance was 
extracted with acetone, dioxan and glacial acetic acid 
without, however, removing any substances giving the 
Ehrlich colour reaction. 
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Coupling of the ammohenzpl ether of liyaluronic acid to pro- 
iein. On tiie assumption of 1 amino-group per glucosamine 
residue, 0-5 g. of tlie aininobenzyl ether of hyaluronic acid 
preparation wa.s diazotized at 0° with 2-2 equivalents of 
' N HCl and i-0 equivalent of iV" NaNOg. Stirring w'as con- 
tinued at O'- for 30 min. and the solutions carefully neu- 
tralized to phenol red. The solution gave a strong red 
colour with alcoholic jS-naphthol. 

The proteins used were horse-serum albumin and whole- 
rabbit serum, in the proportions of 3-6 g. protein (calculated 
jfrom the N content) to 1 g. of the compound. The protein 
solution {ca. 2%) was kept chilled and stirred, and the 
diazotized compound was added sloAvIy, together with 
sufficient hTaOH to maintain the solution just alkaline to 
phenolphthalein. Stirring was continued for 1 hr. and 
sufficient 10% tricMoroacetic acid then added to give 
maximum precipitation. The precipitate was spun down, 
separated and redissolved in H2O with a minimum of 
NaOH. After two or three reprecipitations the supernatant 
was no longer yellow. The coupled protein was finally made 
up to about 2 % in 0-9 % NaCl and dialysed against 0*9 % 
NaCl until it was free from COI3COOH. A similar procedure 
was used in coupling with rabbit serum, but here precipi- 
tations of the coupled protein with CCI3OO OH proved to 
be incomplete and uncoupled material was removed, by 
prolonged dialysis against 0*9 % NaCL 

The final products gave pale yellow solutions, and 
different preparations contained from 5 to 9 % glucosamine, 
calculated from the glucosamine/N ratio. The original 
serum albumin contained Tfi% glucosamine, whicli sug- 
gests that Y*5'*’17 % of hyaluronic acid had been added by 
the coupling. 

(6) Serological 

Immunization. Three rabbits were immunized with the 
horse serum-hyaluronic acid preparation. The first course 
consisted of 30, 60 and 120 mg. injected subcutaneously at 
weekly intervals. After a week’s rest the animals were 
bled. The second course consisted of four intravenous in- 
jections of 20 mg. at weekly intervals, and the animals 
were bled out 10 days later. None of the animals showed 
any ill effects during immunization, nor any changes post- 
mortem such as might indicate antibody formation against 
a common constituent of the tissues. 

Technique of tests on antisera. Precipitin tests were 
carried out in hulk using constant serum (1:5 dilution) and 
fivefold dilutions of antigen. 

Complement fixation was carried out using two minimal 
haemolytic doses (m.h.d.) of complement, and the same 
concentrations of serum and antigen as in the precipitin tests. 

Agglutination was tested on a washed suspension of ceUs 
from a young culture of a eapsulated group C Streptococcus 
whose capsules were known to be dissolved by hyaluroni- 
dase. Capsular swelling was tested by incubating equal 
volumes of serum and streptococcal suspension at 37° for 
10 min. and then viewing in wet preparation against a 
background of India ink. 

RESULTS, 

The results with the serum obtained after the first 
and after the second course of immunization were 
substantially the same. Each serum was tested 


separately, but alt behaved similarly. The results 
are shown in Table 1. 


Table 1. Serological tests on sera of rabbits immunized 
with hyaluronic acid' coupled with horse-serum 
albumin, against various test antigens 


Test antigen 

Precipitin 

titre 

Complement 

fixation 

titre 

Horse-serum albumin coupled 

1:10,000 

1:1000 

with hyaluronic acid 

Whole rabbit serum protein 

Nil 

Nil 

coupled with hyaluronic acid 

Normal horse-serum albumin 

1 : 10,000 

Ifiooo 

Normal whole rabbit serum 

Nil 

Nil 

protein 


The positive reactions are evidently due to anti- 
bodies against the horse-serum moiety of the 
antigen, and not against the specific coupled hapten 
group. No attempt was made to see whether the 
uncoupled substances would inhibit the reaction 
between the coupled proteins and homologous anti- 
sera. There was no evidence of agglutination nor of 
capsular swelling in the tests Streptococci, 

DISCUSSION,, 

The retention of viscous properties and the hydro- 
lysis by testicular hyaluronidas© argue that the 
structure had not been much altered, and yet it is 
clear from the above results that even when chemi- 
cally coupled to a protein, hyaluronic acid is unable 
to cause antibody formation in rabbits. In this it 
differs from various chemically similar muco-poly- 
saccharides such as those from pnemnococoi, from 
Shigella dysenteriae, or the blood group ‘A’ antigen, 
but resembles chondroitin sulphuric acid and glyco- 
gen, which are also common natural constituents of 
the mammalian body. The reason for this difference 
is unexplained. There may be chemical considera- 
tions which make the former class of substance able 
to influence immune serum protein production, 
while the latter class is unable, but it seems easier 
to suppose that the second class are of such wide 
distribution in mammalian tissue that they occur 
naturally at the sites of antibody production, and 
therefore exert no different or additional influence 
when supplied by artificial means. 

.SUMMARY 

Hyahuonic acid coupled chemically to protein by 
azobenzyl ether linkage does not act as a specific 
hapten when injected into rabbits. 
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The Excretion of Ethylquinone by the Flour Beetle 

By P. ALEXANDER D. H. R DepaHn^nt of Inorganic and Physical Ohemietry, 

Imperial College, London 

(Received 8 May 1943) 


Wliile studying inert dust insecticides we observed 
that the red rust flour beetle {'Tribolium castaneum) 
made a brown stain when kept in contact with 
various flne white powders such as amorphous pre- 
cipitated silica. When placed on these dusts and 
kept in dry ah* the insects did not move about in 
the material after the fii’st few hours and died after 
about 2 days. The brown stain developed uniformly 
round the insect and became visible after the flrst 
day, but did not reach its maximum strength until 
about the sixth day, i.e. long after the insect had 
died. A similar but smaller stain was produced 
when dead insects were placed on the powder. 

The closely related insect, 'Pribolium confusum, is 
known to give oif an excretion which causes heavily 
infested flour to become pink and quite unpalatable, 
and which Payne [1925] found to exhibit aldehyde 
reactions. Chapman [1926] observed that the same 
beetle, when stimulated, gave off a nose -irritant gas 
which turned flour pink. He examined the effect of 
this gas on the pupae of the beetle and found that 
the subsequently metamorphosed adults were ab- 
normal. Roth & Howland [1941] passed dry air 
over T. confusum, and isolated the excretion as 
yellow-brown needles which turned red and eventu- 
ally blue, even when kept in solid COg. At room 
temperature a gas w^as evolved of quinone-like 
odour wliich was capable of oxidizing HI to I 2 . 
These authors found that the last instar larvae* 
prepupae and pupae of the insect all metamorphosed 
into abnormal adults after exposure to this gas. 

EXPERIMENTAL 

Ibolcition of the excretion from T. castaneum 

The method used for isolating the excretion from T. cas-^ 
ta7ieu'm, based on that used by Roth & Howland [1941] for 
T. confusum, was as follows: About 500-1000 insects (a 


volume of about 5 mi.) were collected from the insect cul- 
tures by taking advantage of the negative geotropism of 
the adult^ beetles, sifted free from flour and introduced into 
a small distilling flask. A stream of dry air was then passed 
through the flask for about 6 hr., during which time the 
insects were cooled from 35-40 to 0° for about 20 mim 
every 2 hr. The excretion was condensed in an ethanol-COo 
yielding about 0*5 mg. of long, needle-like yellow 
crystals together with some ice, from the HgO also given 
off by the insects. The yield was considerably reduced if 
the insects were not completely free from flour and larvae, 
etc. The insects were returned to flour for 3 days and then 
the procedure was repeated, giving a somewhat smaller 
yield. After three or four such operations the insects were 
very feeble and yielded little or no excretion. Many were 
desiccation. Attempts to separate 
the HgO from the excretion by drying with PaO., CaCL, 
]Sra 2 SQ 4 or Mg(C 104)2 yielded a reddish ‘polymer’ of the 
excretion on the surface of the drying agent, even when 
the drymg tubes were warmed to 40®. 

In view of the small yield per insect (about OT-0-2% 
of the initial, body weight) the excretion from some 5000 
beetles was necessary for the investigation outlined below. 

RESULTS 

Properties of the excretion from T. castaneum 

The yellow crystals, separated from the HgO on a 
cooled porous tile, had a nose-irritant quinone-like 
odour and were slightly lachrymatory. They were 
slightly soluble in H^O, but readily so in ethanol, 
benzene, chloroform and other organic solvents. The 
substance was fairly volatile at room temperature 
and rather labile when first isolated, turning to a 
red-brown on standing overnight, even at 0°. How- 
ever, drying increased the stability. The aqueous 
solution was neutral, reduced Tollen’s reagent, 
liberated Ig from HI, and gave a brown-black colour 
with warm dilute alkali. The substance was very 
sensitive to alkali, but comparatively stable to acid. 
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ISTo colour was produced with cone. HCl 'or with 
FeClg. TOieii SOo was passed through the aqueous 
solution the yellow colour was discharged and a' 
black precipitate was formed, which later dissolved. 
'Ey S, P, and halogens were absent, and tests for 
aldehyde, ketone, alcohol and similar groups were 
negative. This chemical evidence identified the 
compound as a quinone. The m.p, of the dry 
crystals was 23®, but when the dry substance was 
aUowed to stand at room temperature for several 
hours the m.p. rose to about 32®. 

Preparation and properties of the hydroquinone. 
The excretion product was reduced immediately 
after isolation by a solution of ISTaHSO^ sat. with 
SOg. This solution was extracted three times with 
ether and the combined ether extracts were washed 
with NaHCOg and then with HgO. The ether-soluble 
fraction was dried azeotropically with benzene, and 
recrystallized from benzene-ligroin mixture. In this 
way about 8 mg. of white crystals were obtained, 
melting at 97-98°. Analysis (Mr W. F. Boston) 
showed C = 68-8; H= 7*0% (cf. toliihydroquinone 
C, 67«7; H, 6*45%; ethylhydroquinone C, 69*5; 
H, 7*2 %). A further quantity of this hydroquinone, 
prepared from an additional supply of insects, 
melted at 101-102° after 4 crystallizations from 
benzene-ligroin mixture, but there was insufficient 
material to continue the purification. 

An aqueous solution of the hydroquinone was 
titrated electrometrically with Ar/25 Ce{S 04)2 (stan- 
dardized by a similar titration against pure hydro- 
quinone). Three determinations were carried out on 
about 1*5 mg. with an error of less than 1 %. The 
oxidation equivalent weight thus determined was 
67. (Theoretical values: toluhydroquinone 62; 
ethylhydroquinone 69.) Pure ethylhydroquinone 
gave an equivalent of 70 when titrated in this way. 

The m.p.’s, however, of both the insect quinone 
itself, and of the hydroquinone produced therefrom, 
differ considerably from those recorded for pure 
ethylquinone and ethylhydroquinone, but these did 
not give depressions when admixed with authentic 
ethylquinone and ethylhydroquinone respectively, 
whereas there were marked depressions with other 
homologous members of the series, prepared by 
standard methods [Johnson & Hodge, 1913; Gul- 
iand, 1932; Cook, Heilbron & Lewis, 1942]. 

Properties of the excretion from T. confusum 

A similar examination has been made of the 
excretion of T. confusmn. This seems also mainly 
fco be ethylquinone. The yellow crystals obtained 
had the same m.p. and other properties as the 
excretion from T. castanemn, Ho volatile excretion 
could be isolated in the same way from the meal 
worm beetle {Tenehrio molitor) or from the saw- 
toothed grain Beetle [Oryzaephilus Surinamensis). 


The ultra-violet absorption spectra of sorne 
quinones and hydroquinones 

While manyj9-benzoquinones have been isolated 
from natural sourcis in recent years, descriptions 
of their ultra-violet absorption spectra are scanty. 
The naphthaqiunones [Morton & Barlam, 1941] 
have been more fully covered. 

Previous determinations of the value of for 
jp-benzoqumone itself have in general been in good 
agreement with each other, but there is a confusion 
as to the value for toluquinone in ethanol [cf. 
Lifsehitz, Lourie, Bimmermami & Huininck, 1924; 
Light, 1926]. This confusion probably results from 
the labile character of mono -substituted alkyl- 
quinones in hydroxylic solvents. Thus, the absorp- 
tion spectrum of toluquinone in ethanol rapidly 
changes (Table 1) on standing for only a day at 
room temperature in diffuse daylight. 

Table 1. Ultra-violet absorption spectrum 
of toluquinone in ethanol 


Time after making up 


solution 


^mas. 

ca. 1 min. 

245 

17,600 

1 day 

256 

8,300 


265 

6,350 

7 days ■ 

228 

3,650 

(inflexion) _ 

290 

2,000 


The data in Table 2 were therefore obtained 
immediately after the solution in ethanol of the 
freshly sublimed quinone had been made up. 


Table 2. Ultra-violet absorption spectra 
of freshly prepared quinones 


Quinone 

Solvent 

Amax. 

^max. 

Benzo- 

.Ethanol 

: 242 

13,800 

Tolu- 

Ethanol 

245 

16,000 

Ethyl- 

Ethanol 

246 

16,500 

Ethyi- 

■ii^-Hexane 

246 

14,800 

Thymo- 

Ethanol 

255 

20,600 

Insect- 

Ethanol 

245 

■■ ■■ ' 


’ Ajjiax. increases with increasing substitution of the 
quinone chromophore, an observation in good agree- 
ment with previous experimental results with analo- 
gous chromophores [cf. Woodward, 1941; Gillam, 
Barker & Evans, 1940; Gillam & Evans, 1941]. The 
spectrum of the insect quinone (Amas. = 245mg) is 
that of a mono -substituted benzoquinone. This 
was confirmed by a comparison (Table 3) of the 
absorption spectrum of the hydroquinone pre- 
pared from the insect quinone with the absorption 
spectra of a number of mono -substituted hydro- 
quinones. All determinations were carried out in 
ethanol. 
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Table 3. Absorption spectra of hydroquinones in ethanol 


Amas. 


A mfn m/4 


Hydro quinone 

I 

II 

I 

II 

^inllex. nifl 

Remarks 

Tolu- 

228 

293 

224 

251 

None 

Two maxima 

Ethyl- 

None 

292 

None 

ca. 250 

ca. 231 

— 

ri-Propyl- 

None 

295 

None 

ca. 253 

ca. 228 

Shift of maximum to 
longer wave-length 

Insect- 

None 

292 

None 

f 

252 

^min. 

ca. 228 

Ratio E ca. 290 mp to E 

Hy dr 0 quinone 

I 

II 

I 

II 

qnfles. 

at ca. 220 mp 

Tolu- 

4750 

3950 

4500 

800 

None 

0*83 

Ethyl- 

None 

3500 

None 

__ 

3850 

0-74 

%-Propyl- 

None 

3400 

None 

— 

4800 

0*71 

Irisect- 

None 

— 

None 

— 

— 

0-69 


Discussioi^sr 

The evidence leaves little doubt but that the main 
part of the Triholium excretion is ethylquinone. 
The other material present in the excretion is 
probably more volatile than ethylquinone (since 
the m.p. of the dry insect excretion rises on standing 
in the air without apparently ‘polymerizing’), has 
a lower C content and therefore a higher O content, 
has a lower equivalent with respect to € 6 ( 804)2 
oxidation and is probably reduced by SOg; hence 
it cannot be a simple p-benzoquinone derivative. 

The excretion of ethylquinone by Triholium is 
undoubtedly the cause of the pink colour of ‘con- 
ditioned’ flour, the production of the colour being 
due to the reaction of simple jp-benzoquinones with 
amino compoimds such as the protein in hour [cf. 
Gulland, 1932; Fujita & Kodama, 1935; Cooper & 
Nicholas, 1927]. 5 mg. of toluquinone added to 
10 g. of fresh flour rapidly causes the latter to turn 
pink and to take on the appearance of ‘conditioned’ 
flour. Ethylquinone and other simple quinones also 
cause stains, when placed on amorphous precipi- 
tated silica, similar to those caused by the insects 
themselves. The stain is apparently due to the ‘poly- 
merization’ of the quinone [cf. Erdtman, 1933]. 

Apart from the complex anthraquinone deriva- 
tives obtained from Coccus laccae, G. ilicis and 
<7. cacti [see Todd, 1941], ethylquinone appears to 


be the first p -quinone to be isolated from an insect 
source. This is surprising in view of the abundance 
of p -quinones as metabolic products of fungi. 

No definite function can at present be ascribed to 
the ethylquinone excreted by Triholium castaneum, 
but it is perhaps significant that ethylquinone is a 
strong spermicide, at least for guinea-pig sperms 
[Gulland, 1932], and it may well play a part in the 
remarkable population control in crowded cultures 
of Triholium [e.g. Park, 1936; Crombie, 1942]. 

SUMMARY 

1 . The main part of the volatile excretion of 
Triholium castaneum has been identified as ethyl- 
quinone. The same substance was obtained from 
T. confusum. While, owing to the very small 
amount of material available, pure ethylquinone 
could not be isolated, the evidence collected ap- 
peared conclusive. 

2. The ultra-violet absorption spectra of a 
number of alkyl-substituted ^p-quinones and hydro- 
quinones are recorded. 

We wish to express our great appreciation to Br J. A. 
Kitchener and to Br E. R. H. Jones and especially to 
Prof. H. Y. A. Briscoe for helpful advice and kindly criti- 
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When McCaiice & Widdowson [1942] decided to 
investigate the effect of brown bread on the ab- 
sorption of calcium and other minerals from the 
human gut, the Ministry of Food had not yet an- 
nounced their intention to introduce a wheatmeal 
of 85% extraction. The experiments of McCance 
c% Widdowson [1942] were carried out on flours of 
92% (‘brown flour’) and of 69% (‘white flour’) 
extraction. Although their data, by way of inter- 
polation, permit an approximate estimate of the 
properties of a flour of 85 % extraction, it seemed 
desirable, when the national wheatmeal of 85 % 
extraction was adopted, to extend the work to this 
flour. We undertook such an investigation at the 
suggestion of Dr McCance. The behaviour of Ca 
only was investigated, this being representative, as 
well as from the practical ’ point of view probably 
the most important of the minerals whose absorp- 
tion is aflected by substances of the outer layers of 
the wheat grain. 

EXPERIMENTS 

The experiments were carried out on six volunteers. Their 
ages and weights are shown in Table 1. They were men of 
military age who had been put on the register of con- 
scientious objectors and who had originally volunteered for 
experiments on scabies [see Mellanby, 1941] which were 
conducted concurrently with the dietary experiments. 

Table 1. Weights and ages of the volunteers 


Body weight stripped (kg.) 


No. 

Age 

years 

At start 

After 

4 weeks on 
National 
Wheatmeal 

4-6 weeks 
later (after 
‘white’ flour 
regimen) 


27 ■ 

66*0 

654 

67-7 

2 

31 

62-S 

62-9 

63*8 

3 

30 

56-2 

56-2 

56-9 

4 

20 

60*2 

60-8 

604 

5 

30 

53-8 

53-8 , 

54*7 

6 

23 

50*2 

52*2 ' 

^ 51'8 


The dietary and analytical arrangements were essentially 
the same as those elaborated and described by McCance & 
Widdowson [1942], Data concerning one of the consign- 
ments of wheatmeal used have been published elsewhere 
[Krebs & Mellanby, 1942]. The ‘white’ flour used came 
Trom a different grist and was of 75 % extraction. Dr 
Widdowson determined the phytic acid content of samples 
of the wheatmeal flour and of the bread, and found 140 mg. 


phytic acid P/100 g. flour, and 41*4 mg. phytic acid P/100 g. 
bread. The H 2 O content of the bread varied between 
35 and 38 % . 

An adverse effect on the Ca balance of phytic acid- 
containing cereals can be expected only if the Ca content 
of the diet is relatively low and the cereal content relatively 
high. In choosing the diet the aim was therefore to keep 
the Ca content near to the minimum human requirement 
of 0*55 g./day [Deitoh, 1936-7] and to include at least 500 g. 
wheatmeal flour (dry wt.)/day. Preliminary experiments 
taught us that the Ca content of the usual diet of the 
volunteers (during June and July 1941) was above 1 g./day, 
and that very considerable restrictions had to be imposed 
in order to reduce the Ca content of the food to the mini- 
mum requirement of 0*55 g., namely, (1) complete omission 
of cheese, (2) restriction of the milk to about 100 ml./day 
(including milk used in cooked dishes), (3) omission of the 
vegetables and fruits containing more than 50 mg, Ca/100 g. 
(e.g. spinach, spinach beet, cabbages, broccoli tops, leeks, 
spring onions, turnips, water cress, rhubarb, raisins, dried 
figs), (4) omission of tinned fish (containing softened bones). 
Further restrictions were due to rationing which allowed 
approximately 200 g. meat (on the plate), 225 g. fat, 225 g. 
butter and 123 g. bacon/week. With these restrictions the 
diet contained during August and September 1941 on 
average 0-55 g. Ca/day, of Tvhich 0T2 g. was derived from 
milk, 0T2 g. from bread, which had not been fortified by 
the addition of Ca, and the remaining 0-31 g. from other 
sources, mainly vegetables. This last source of Ca seems to 
be subject to very considerable seasonal variations. It 
stayed at the above-mentioned level of about 0*3 g. during 
August and the first half of September, but fell later in 
September and during October to about 0*2 g./day. During 
the later period it was necessary to raise the milk content 
of the diet in order to maintain the Ca supply of 0-55 g./day. 

Of the flour an average of 70 g. (dry) was eaten in the 
form of cooked dishes, and the rest in the form of bread. 
To make the large quantity of bread — 600-900 g./day — 
palatable it was necessary to supply an extra jam ration 
of 1 Ib./head/week. 

The average total calorie intake was about 4100/day. Of 
these 2200 came from flour. 

Our main experiment, carried out after preliminary 
trialsi consisted of two periods. During the first, lasting 
4 weeks from the middle of August to the middle of 
September 1941, national wheatmeal was the staple food ; 
the second was a control period, lasting 4 weeks (in one 
case 3 weeks) between the end of September and early 
November 1941, when ‘white’ bread was the staple food. 

RESULTS 

It will be seen from Tables 2 and 3 that the eon- 
sumption- of national wheatmeal was followed, 
under the conditions of our experiment, an 
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Table 2. Data relating to the calcium balance of six volunteer's 


Intake of 





f 


Ca in 


% in excre 

ta 

Ca 

Average , daily Ca 

Volun- 



Bread 

Mlk 

food 


(g./week) 


balance 



teer 

Week 


(g-/ 

(ml./ 

(g./ 




(g-/ 

Intake 

Balance 





no. 

ending 

Diet 

week) 

week) 

week) 

Urine 

Faeces 

Total 

week) 

(g*) 

(g*) 

1 

2. ix. 41 

Wheatmeal bread 

6160 

600 

4*21 

1-56 

3-52 

5-08 

-0-87' 

] 



9. ix. 41 

16. ix. 41 


7080 

7140 

600 

700 

3*93 

4*26 

1*61 

1-53 

3-46 

3-68 

5-07 

5-21 

-M4 

-0*95 

r 0*580 

-0*143’ 


23. ix. 41 


6260 

600 

3-82 

1*60 

3-27 

4-87 

- 1-05, 

1 



14. X. 41 

White bread 

5850 

950 

3*52 

1*71 

2-37 

4-08 

-0-56' 

j 



21. X. 41 

28. X, 41 


5770 

5070 

1100 

1400 

4-61 

4-62 

1*73 

1*67 

3-08 

3-02 

4-81 

4-69 

- 0-20 
-0-07 

r 0*625 

-0*022 


4. xi. 41 


5450 

1400 

4-74 

1-51 

3-02 

4-53 

+ 0-2L 

) 


2' 

29. viii. 41 

Wheatmeal bread 

5800 

600 

3*92 

1*52 

4-21 

5-73 

-1-81' 

1 



5. ix. 41 

12. ix. 41 


4990 

5620 

700 

700 

3*58 

3-68 

1-59 

1-70 

2-66 

2-69 

4*25 

4-39 

-0-67 

-0*71 

\ 0*531 

-0*141 


19. ix. 41 


5140 

700 

3-72 

2*03 

2-43 

4-46 

-0-74. 

I 



17. X. 41 

White bread 

5050 

1050 

330 

1*98 

1-75 

3-73 

-0*43^ 

1 



24. X. 41 

31. X. 41 


3930 

4860 

1400 

1400 

3-67 

3*63 

1-63 

1*64 

2-42 

2-23 

4-05 

3*87 

-0-38 

-0-24 

■r 0*504 

-0*054 


7. xi. 41 


5600 

1400 

3*52 

2-09 

1-90 

3*99 

-0*47j 

1 


3 

28. viii. 41 

Wheatmeal bread 

5108 

700 

4-13 

2-05 

2-94 

4-99 

-0-86] 

1 



5. ix. 41 

12. ix. 41 


5150 

5270 

700 

700 

4*02 

4-46 

2*35 

2*17 

2-83 

2-29 

5-18 

4-46 

-M7i 
±0 1 

■ 0*622 

-0*073 


19. ix. 41 


5301 

700 

4-80 

2*46 

2-36 

4-82 

o 

o 

1 

I 



3. X. 41 

White bread 

6387 

600 

3*34 

2-27 

1-49 

3-76 

-0-42] 




10. X. 41 


5813 

500 

3*65 

205 

1-38 

3-43 

+ 0*22' 

i 0*574 

+ 0*038 


17. X. 41 


5494 

1050 

4*40 

2*44 

1-62 

4-06 

+ 0*34 


24. X. 41 


5584 

1400 

4-67 

2-16 

1-58 

3-74 

+ 0-93J 

1 


4 

29, viii. 41 

Wheatmeal bx'ead 

5368 

700 

4*42 

1*86 

2-51 

4-37 

+ 0*05] 

1 



5. ix. 41 

12. ix. 41 

5? 

5178 

5165 

700 

700 

3*67 

4*13 

2*14 

2-11 

2- 45 

3- 03 

4- 59 

5- 14 

-0-92' 
- 1*01 

- 0*560 

-0*120 


19. ix. 41 


4734 

600 

344 

2*05 

2-86 

4-91 

-1*47j 

1 



17. X. 41 

White bread 

4108 

1050 

3 40 

1*85 

2-74 

4-59 

-M9] 

1 



24. X. 41 


4695 

1400 

4*40 

2-18 

2-44 

4-62 

- 0*221 

j- 0*564 

-0*038 


31. X. 41 

!>!> 

4305 

1400 

4*05 

1-59 

1-80 

3-39 

+ 0*66 1 


7. xi. 41 


4518 

1400 

3-96 

1*60 

2-67 

4-27 

-0*3lJ 



5 

2. ix.41 

Wheatmeal bread 

4980 

700 

3*86 

1-77 

2*46 

4*23 

~0-37'| 




9. ix. 41 


5360 

700 

3*85 

1-92 

2-80 

4*72 

-0-87! 

- 0*516 

-0*118 


16. ix. 41 . 


5240 

600 

3*62 

1*91 

2-61 

4-52 

-0*901 


23. ix. 41 

59 

4560 

700 

3*10 

1*79 

2-47 

4-26 

-1*16; 




21. x. 41 

White bread 

4710 

1250 

3*81 

1*63 

2-77 

440 

-0*59 




28. X. 41 


4730 

1400 

4*30 

1*82 

2*78 

4-60 

-0*30 

■ 0*600 

-6*033 


4. xi. 41 


5000 

1400 

448 

1*61 

2-67 

4*28 

+0*2 ^ 



6 

2. ix. 41 

Wheatmeal bread 

5121 

700 

3*60 

1*58 

2-22 

3-80 

-0*20) 




9. ix. 41 

jj 

5068 

700 

3*85 

1*76 

2-37 ' 

4-13 

-0*28l 

■ 0*491 

-0*065 


16. ix. 41 

yj 

4400 

700 

3*34 

1*71 

2-11 

3-82 

-0*481 


23. ix. 41 


4512 

700 

2-96 

1-74 

2-07 . 

3-81 

-0*85; 




7. X. 41 

White bread 

3791 

,700 

2*34 

1*41 

0-97 

2-38 

-0*04) 




■■ 14. X. 41 


4667 

1350 

310 

2*30 

1*17 

3-37 

-0*27! 

0*442 

-6*027 


21. x. 41 

59 

4192 

1400 

3*27 

2-00 . 

.2-20 

4-20 

-0*931 


28. X. 41 

99 

4306 

1400 

3*65 

1-85 

1-33 

3-18 

+ 0-47J 




average Ca loss of OTlOg./d'ay. When wheatmeal 
was replaced by ‘white’ flour the average balance 
was still slightly negative, viz. 0*023 g.->,^but this is 
less than one-quarter of the loss during the wheat- 
meal period. The effect of wheatmeal is clear-cut in 
every individual case. 

These results are in accordance with those of 


McCance & Widdowson [1942]. 

From Table 17 of 

their paper 

we calculate the following figures : 

Milling 

Average daily 

Average daily 

standard 

Ca intake 

Ca balance 

O/ 

Jo 

g* 

g* 

92 

0*558 

-0*086 

69 

, 0*512. ■■ 

-0*018 
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Table 3. Effect of national wheatmeal on the 
average calcium intakes and balances of six men 

(This is a summary of Table 2; the data on national wheat- 
meal are the average of 24 weeks, those on wliite flour of 
23 weeks.) 



Average daily 
bread consumption 
(not counting ap- 
proximately 80 g. 
flour eaten in 

Average 

daily 

Ca 

Average 

daily 

Ca*' 


cooked dishes) 

intake 

balance 

Milling standard 

(g.) 

(g.) 

(g.) 

National wheatmeal 
(85 % extraction) 

766 

0*550 

—0*110 

White flour 
(75 % extraction) 

707 

0*552 

—0*023 


In these experiments the bread consumption was 
somewhat lower (about 530 g./day) than in oiu*s 
(about 730 g./day). This explains why, in our sub- 
jects, the Ca loss was greater than in those of 
McCance & Widdowson, although we used 85% 
extraction flour whilst the data of McCance & 
Widdowson refer to a 92 % extraction flour. 

We wish to emphasize that the conditions under 
which the adverse effect of national wheatmeal on 
the Ca balance was observed were exceptional ones. 
They included an average daily intake of 1-7 lb. of 
bread (requiring an extra jam ration to make it 
palatable) as well as a deliberate and severe curtail- 
ment of the Ca supply. In a preliminary experiment 
where the average wheatmeal bread intake was 
about 1 lb. /day and the average daily Ca supply 
0*94 g., the Ca balance was in equilibrimn (Table 4). 


Table 4. Oa balance at higher level of Ca intake 
and lower level of wheatmeal bread consumption 

(Average of 14 weekly periods; 5 subjects.) 


Average wheatmeal bread intake 
Average daily Ca intake 
Average daily Ca excretion 
Average daily Ca balance 


SUMMARY 


456 
0*941 
0*911 
+ 0*030 


1. Six adult male volimteers were kept on a diet 
containing a large proportion of bread (on average 
766 g. wheatmeal bread of 85 % extraction or 707 g. 
‘white’ bread of 75 % extraction) and about 0*55 g. 
Ca/day. Ca was determined in food, faeces and 
urine. 

2. In every case national wheatmeal had an 
adverse effect on the Ca balance. On average 
0*110 g. Ca was lost daily diuing the wheatmeal 
regime whilst 0*023 g. was lost during the white 
flour regime. 

3. The results are m accordance with those ob- 
tained by McCance & Widdowson on 69 and 92 % 
extraction flours, and support the present policy 
of adding Ca salts to national wheatmeal. 

We are indebted to Dr R. A. McCance and Dr E. M. 
Widdowson for advice on numerous points, especially on 
the dietary and analytical techniques, and to the Medical 
Research Council for a grant. 
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Colorimetric Determination of Total, Free and 
Ester Cholesterol in Tissue Extracts 

By a. POPJAK, Department of Pathology, St Thomas’s Hospital Medical School, London, S.B. 1 

{Received 18 May 1943) 


Kelsey’s method [1939] for the determination of 
total, free and ester cholesterol was tested in. the 
course of analyses of lipid extracts of various tissues 
(liver, kidney, heart, adrenals and blood). This 
method seemed to be particularly useful, because 
not only cholesterol, but also total fatty acids, and 
fatty acids derived from neutral fats and cholesteryl 
esters, could be determined on one sample. Kelsey 
claimed that the cholesterol obtained by hig me- 
thod, and estimated colorimetrically, is pure. How- 
ever, in my experience, the cholesterol thus obtained 


is contaminated by substances which often con- 
siderably influence the colour developed with the 
Liebermann-Burchard reagents, and make accurate 
colorimetric reading impossible. Apart from this 
disturbing factor, the method gave very low results : 
cholesterol added to lipid mixtures could not be 
satisfactorily recovered. 

’ After some experiments a technique has been 
evolved which retains the advantages of Kelsey’s 
method and is essentially a combination of the 
method of Schoenheimer & Sperry [1934], as modi- 
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fled by Stiirges & Knudson [1938], with that of 
Kelsey. The cholesterol is precipitated with alco- 
holic digitonin in acidified medium at room tempera- 
ture, and the digitonide separated by centrifuging. 
The decomposition of digitonide and the isolation 
of cholesterol are done by Kelsey’s method, i.e. by 
boiling with benzene and precipitating the digitonin 
by light petroleum. There w^as no interference with 
the colour developed by the Liebermann-Burchard 
reaction with cholesterol samples obtained in this 
way ; the colour was indistinguishable from that of 
the standard when compared in ,a colorimeter. 

Procedure 

Total cholesterol. Samples of ethanol-ether extracts of 
tissues containing about 0-5 mg. of cholesterol are evapo- 
rated almost to dryness in a conical flask on a hot plate, 
then 10 ml. of ethanol-ether (1:1, v/v) and 0*2 ml. of a 
solution of KOH in HgO containing 40 g./lOO ml. of solution 
are added. The mixture is brought to boiling, the flask 
loosely stoppered and placed in an oven at 75° for 1*5-2 hr. 
After this time a few drops of phenol red are added and the 
mixture acidified with HCl of such a strength that 1 ml. 
makes the mixture definitely acid. After acidification the 
contents of the flask are evaporated almost to dryness on 
a hot plate, the last traces of ethanol being blown out by 
a current of air. The salt in the residue is dissolved in 
0*5-1 ml. of water. If more water is added, it is likely that 
the extraction AviU be incomplete. The flask is replaced on 
the hot plate and, when the mixture is hot, 10 ml. of light 
petroleum (l.p.) (b.p. 40-60°) are poured into the flask, 
which is vigorously rotated. After a few minutes’ standing, 
the L.p. extract is decanted from the coloured fluid into a 
15 ml. conical centrifuge tube and concentrated, vrith the 
aid of a boiling rod,* by placing the tube in a beaker of 
hot water (about 50°), in order to aUow space for the 
following extracts. The contents of the conical flask are 
extracted three times more with boiling l.p. After the last 
extraction the mouth of the flask is also rinsed with a few 
drops of L.p. All the, extracts are combined in the centrifuge 
tube, and finally concentrated to approximately 0*5 ml. 
[Kelsey, 1939]. 

Cholesterol is precipitated by addition of 4 drops of 5 % 
(w/w) HCl and of 4 inl. of a 0*25 % (w/v) solution of digi- 
tonin in ethanol. The boiling rods are left in the tubes and 
used for thorough mixing of the contents. The tubes are 
left standing overnight in a sealed jar at room temperature. 
The boiling rods are removed to a numbered rack and the 
cholesterol digitonide separated by centrifuging for 5 min. 
The supernatant fluid (fluid A) is decanted and can be 
saved for the determination of total fatty acids. The chole- 
sterol digitonide and the sides of the tube are washed with 
3 ml.^M acetone-ether (1:2, v/v), the digitonide well stirred 
with the boiling rod and again centrituged for 5 min . The 
washing is decanted and the digitonide washed twice more 
with 3 ml. |)ortions of ether [Schoenheimer & Sperry, 1934; 
Sturges & Knudson, 1938]. \ 

To the digitonide thus purified 7 ml. of benzene are 
added and tlie boiling rod replaced. The tube is put into a 
beaker of hot water (80-82°) and the benzene kept boiling 
for 45 min.; the amount of benzene is kept above 5 ml. by 

* A 1cm. long capillary tube fused on to a 2 mm. 
glass rod. Y 


adding small volumes of benzene to the tube from time to 
time. After 45 min. the benzene is concentrated to 2 ml., 
and while still hot, 9 mi. of l.p. are rapidly added to pre- 
cipitate digitonin. Thorough mixing is essential, and about 
10 min. are allowed for the precipitation of digitonin. After 
centrifuging for 5 min. the supernatant fluid, which con- 
tains the cholesterol, together with three successive l.p. 
washings of the digitonin, is poured into a small glass- 
stoppered conical flask and evaporated to dryness on a hot 
plate, the last traces of l.p. being blown out [Kelsey, 1939]. 

When the flasks are cool, the cholesterol is dissolved in 

5 ml. of CHCig, and the flasks placed in a dish containing 
water kept at 18°. After a few minutes, 2 ml. of a freshly 
prepared mixture of acetic anhydride and cone. H2SO4 
(20:1, v/v), also cooled to 18°, are added and well mixed 
with the CHClg . The flasks are kept in HgO and placed in 
a dark place. Standards are prepared at the same time, 
and after 60 min. the colour comparison is made in a 
colorimeter [cf. Ireland, 1941], Only the samples which are 
actually to be compared are removed from the darkness. 

If the amount of cholesterol in the sample is over 1 mg., 
more digitonin can be used than described. In this case 
14 ml. of benzene are used for the decomposition of digi- 
tohide, and at the stage of colour development the chole- 
sterol is dissolved in 10 or 15 ml. of CHCI3 and 4 or 6 ml. 
of the acetic anhydride-HgSO^ mixture are added. ^ 

If total fatty acids are to be determined, the supernatant 
fluid (fluid A) from the cholesterol digitonide is decanted 
into another centrifuge tube and concentrated to about 
1 ml. ; the acetone-ether washing of the digitonide is added 
and the whole again concentrated to 1 ml. The ether 
washings are also added; excess digitonin will be precipi- 
tated and is centrifuged off. The supernatant fluid contains 
the fatty acids. This fluid is quantitatively decanted and 
evaporated to dryness and the fatty acids dissolved in a 
small volume of l.p. Their amount can be determined by 
the dichromate oxidation method of Bloor [1928]. The 
fatty acids thus isolated cannot be used for the determina- 
tion of their iodine values because, apparently during the 
treatment with digitonin and HCl, they become more 
saturated. 

Free cholesterol. To determine free cholesterol, it is neces- 
,sary to separate first the phosphoHpids from a suitable 
sample of the ethanol-ether extract of the tissues, since 
digitonin wdi also precipitate the phospholipids [McEwen 

6 MacLaehlan, 1941]. A sample of the extract is evaporated 
to dryness on a hot plate and the residue thoroughly ex- 
tracted with L.P.; the l.p. extract is concentrated to 2 ml. 
in a conical centrifuge tube and 7 ml. of acetone and 
3 drops of a saturated solution of MgClg in ethanol are 
added to precipitate phospholipids [Bloor, 1929]. After 
centrifuging, the phospholipid-fipe supernatant fluid, which 
contains chiefly free cholesterol, cholesteryl esters and 
neutral fats, is decanted into another centrifuge tube. The 
phosphoHpids are washed with two 2 ml. portions of acetone. 
These are combined with the decantate and the whole 
concentrated to 0*5 ml. by immersing the centrifuge tube 
in a beaker of hot water (about 60°) and by using a boiling 
rod. 4 ml. of the digitonin solution and 4 drops of 5 % HCl 
are added and the tubes left overnight in a sealed jar. The 
cholesterol digitonide is separated by centrifuging. The 
supernatant fluid (fluid B) is decanted and can be saved 
for the determination of ester cholesterol, and of fatty 
acids derived from neutral fats and cholesteryl esters. The 
purification, decomposition of the digitonide and the colour 
development are done as described for total cholesterol. 
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Adrenaline and Related Substances in Blood and Tissues 
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Tiie results obtained witli the colorimetric method 
of Shaw [1938], for the assay of adrenaline in blood 
and tissues, cannot be attributed to adrenaline 
alone, since the denominator of the ‘specific ratio’, 
Le. the ratio of the results with acid and with alkali 
[cf. Shaw, 1.938], was found, with a few exceptions, 
to be considerably lower than that of adrenaline 
itself (Table 1). Quantitative adsorption of ascorbic 
acid by Al(OH )3 at a pH of about S-5 has been 
regularly observed by the writer, and thus ascorbic 
acid must be regarded as participating in the colori- 
metric results, contrary to a statement by Shaw 
[1938], Despite the low value of the denominator 
of the specific ratio (henceforth designated d.s.r.) 
for ascorbic acid (0*3), this substance alone cannot 


be responsible for the low d.s.r. ’s generally found in 
blood and most tissues, including the adrenal glands 
(Table 1). Its chromogenic intensity is too weak 
(Table 2) and its reported average concentrations 
in blood and tissues (Tp^ble 3) are too small. 

Many chromogenic substances other than adre- 
naline and ascorbic acid are eliminated by the ad- 
sorption procedures of the method. Certain chro- 
mogenic horihonal steroids, which are by themselves 
not adsorbed on A 1 ( 0 .H )3 , were originally believed 
[Raab, 1941 a, 6, c] to be partially adsorbed at 
pH 8*5 in the presence of adrenaline, owing to the 
formation of a hypothetical ‘ adreno-eortical’ com- 
pound. This conception is now abandoned since it 
was foxmd that steroids pass quantitatively into 
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Table 2. Results of total, free and ester cholesterol 
determinations in extracts of various tissues 

Cholesterol content 
mg./ 100 g. moist tissue 


Material 

Total 

Free 

Ester 

Human kidney cortex 

220 

■ 202 

22 

224 

198 

27 


381 

358 

23 


326 

219 

107 

Human kidney medulla 

193 

137 

45 

230 

171 

60 


' 255 ■ 

194 

64 

Human liver 

252 

225 

30 

Human adrenal 

2500 

■420 ' " 

2100 

Human plasma 

152=^ 

65* 

85* 

Human heart 

88 

74 

12 


* mg./ 100 ml. of plasma. 


Cholesterol Cholesterol 
added recovered 

(mg.)' (mg.) 

0-500 0-496 

0- 500 0-502 

0*500 0-498 

0*600 0-500 

1 - 000 1-000 

1-000 1-000 


SUMMARY 

A method is described for determination of total, 
free and ester cholesterol in tissue extracts by a 
combination of the method of Schoenheimer and 
Sperry (modified by Sturges and Knudson) with 
that of Kelsey. 
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Cholesterol 

recovered 

(mg.) 

0-199 

0-199 

0-198 

0-200 

0-400 

0-400 


lister cholesterol. .Fluid' B, siipeniataiit after the free 
cholesterol lias been separated as digitonide, contains chole- 
steryl esters, neutral fats and excess digitonin. After tlie 
excess digitonin lias been precipitated as indicated for the 
determination of. total kitty acids (treatment of fluid A), 
the supernatant fluid is decanted, evaporated and saponi- 
fied, extracted with l.p,, and the cholesterol determined 
by precipitation with digitonin as described for total chole- 
sterol. If desired, the fatty acids derived from neutral fats 
and choiesteryl esters can also be separated in the same, 
way as total fatty acids. 

Table 1 shows the amounts of cholesterol recovered after 
it has been added, dissolved in CHCI3, to ethanol-ether 
extracts of known cholesterol content. The accuracy of the 
method is further illustrated by the results given in Table 2, 
which are examples of determinations of total, free and 
ester cholesterol on various tissue extracts. 


Table 1. Recovery of cholesterol added in CHGl^ 
solution to ethanol-ether extracts of tissues 


Cholesterol 

added 

(mg.) 

0-200 
0-200 
0-200 
0-200 
0-400 ■ 
0-400 
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Table 1. Nor7nal m^erages of colorimetric results 
ohtcm%ed from tissues cmd blood 


Organ 

Content of 
adsorbabie 
cbromogen 
(colour units/ 
g. or ml) 

Deno- 
minator 
of the 
specific 
ratio* 

No. of 
speci- 
mens 

Adrenal glands 

(rat) 

259,311 

L26 

56 

(man, meduUa) 

232,000 

1-33 

6 

(man, cortex) 

23,820 

1-51 

6 

Spleen (rat) 

2,322 

LOO 

20 

Testis (rat) 

1,960 

L07 

. 2 

Brain (rat) 

1,775 ■■ 

0-89 

19 

Liver (rat) 

1,765 

0*98 

26 

Kidney (rat) 

1,180 

1-08 

28 

(man) 

1,438 

L32 

14 

Heart (rat) 

946 

LOO 

40 

(man) 

698 

L37 

21 

Muscle (rat) 

898 

L88 

19 

Aorta (man) 

493 

3*50 

17 

Renal artery (man) 

•258 

3-55 

8 

Blood (man) 

156 

L06 

51 

- (dog) 

168 

9 

3 

(cat) 

123 

9 

2 


* A value greater than 2-0 indicates pure or almost pure 
adrenaline, or sympathin; a d.s.r. between 2-0 and 1*0 
indicates the presence of both adrenaline and other ad- 
sorbable chromogens with a d.s.r. lower than that of adre- 
naline; a d.s.r. of 1*0 or below indicates the exclusive 
presence of adsorbabie chromogens other than adrenaline 
or sympathin. 


Table 2. Ghromogenic properties and adso7'bability 
of some substances related to adrenaline 



Colour 

Deno- 



intensity 

minator 



compared 

of the 

Adsorba- 

with that of 

specific 

bility at 

Substance 

adrenahne 

ratio 

pH 8-5 

Adrenaline 

1 

2'0-3-5* 

+ 

Ascorbic acid 

1/320 

0-3 

-h 

Adrenalone 

1/11 

LI 

+ ■ 

Dihydroxyphenylalanine 

1/3 

LI 

+ 

Epinine (synthetic) 

1/6 

LI 


Leukoadrenochrome (?) 

9 

LO 

•+ 

Pyrocatechoi 

1/9 

0-6 

+ 

Adrenocluome 

1/5 

LO 

- 

Benzoquinone 

1/10 

24 


Quinoi 

1/20 . 

2-7 

- 


These d.s.r. ’s are found if adrenaline is subjected to 
the adsorption procedures; without these it is about 5-0 
;_[cf: Shaw, 1938]: 


Table 3 

The average amounts of ascorbic acid present hi various 
tissues according to data collected from tlie literature 
would have to be multiplied by the figures given below in 
order to low^er the d.s.r. of pure adrenaline to the d.s.r. ’s 
actually found in the following tissues : 


Adrenal glands 

10-20 

Heart muscle 

7 

Spleen 

2 

' Striated muscle 

1-li 

'Liver 

2 

Brain 

3-4 

Kidney 

3-4 

Blood 

4-5' 


organic solvents (chloroform, petroleum ether) from 
aqueous solutions containing adrenaline, while the 
latter remains in the water. The original erroneous 
conception had been based on the following facts: 
{a) increased colour effect and lowered d.s.r. of 
adrenaline solutions to which cortical and other 
steroids had been added; (6) quantitative Teoovery 
of the entire chromogenic material in chloroform 
extracts of dried blood and tissues. The first pheno- 
menon is probably to be explained by an alteration 
of the adrenaline molecule, rather than by a com- 
bination with the added steroids; the second one 
seems to be due to the fact pointed out by Kendall 
[1942] and confirmed by the writer, that adrenaline, 
which is otherwise chloroform-insoluble, becomes 
chloroform-soluble in the presence of lecithin. The 
same was fomid to be true also for ascorbic acid 
and adrenalone. 

If a chromogenic substance is to be estimated by 
Shaw’s method, it must be adsorbed by Al(OH )3 at 
a pH of about 8*5. A search for adsorbabie sub- 
stances which might account for the low d.s.r. ’s 
found in blood and tissues revealed the fact that 
this condition w^as fulfilled only by such chromo- 
genic substances as possessed two or more adjacent 
OH groups on a benzene ring or heterocyclic ring 
containing oxygen. Thus, besides adrenaline proper 
and ascorbic acid, a number of adi’enalihe-lilie sub- 
stances with an intact catechol nucleus were fotmd 
to be detectable with the method used (Table 2). 
Pyrogallol and gallic acid wdiich, by vhtiie of their 
adjacent hydroxyl groups, are also adsorbabie, are 
probably not present in blood and tissues. 

The integrity of the catechol nucleus of adrenaline 
and related substances appears to be of fimda- 
mental Mgnificance for the adsorbability by Al(OH )3 
in an alkaline medium, as well as for the especially 
high electrical potential of adrenaline and related 
catechols [Ball & Chen, 1933] and, according to 
Tainter [1930] and Vaughan, Perkins & Derbes 
[1942], for the sympathomimetic properties of these 
substances. Adrenochrome and quinones give a 
somewhat intense colour reaction (Table 2), but, 
lacking OH groups in adjacent positions, they are 
not adsorbabie by Al(OH )3 at pH 8*5. Their elec- 
trical potential is lower than that of catechol com- 
pounds [Ball & Chen, 1933] and their pharmacody- 
namic effects are of a prevailingly depressant char- 
acter, such as is the case with adrenoxin [Heirrnan 
& Bacq, 1940], and other quinones [Oster & 
Sobotka, 1942]. The conclusion is reached that, 
except in those instances in which a d.s.r. greater 
than 2*0 indicates the presence of pure or almost 
pure adrenaline [or sympathin; Gannon & Lissak, 
1939], the results obtained with Shaw’s method are 
due not only to adrenaline itself and to ascorbic acid, 
but also to certain adrenaline-like catechol com- 
pounds with a d.s.r. lower than that of adrenaline. 
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Even the isolated human adrenal medulla did not 
yield pure a^dreiialine. Its very high content of 
adsorbable chromogenic material (Table 1) had an 
'average d.s.r. as low as 1*33. The d.s.r.’s of rat 
adrenals were similarly low and showed only insigni- 
ficant alterations under various experimental con- 
ditions. 

The colorimetric results of Shaw’s method as 
applied by Baab [1941 a, b] are expressed in ‘colour 
units each unit corresponding to the chromogenic 
intensity of 0*001 gg. of adrenaline. 

The adrenal glands contain by far the largest 
amounts of adsorbable chromogen (Table 1). Its 
conoentration in the cortex of human glands was 
about one-tenth of that in the medulla, possibly 
due in part to post-mortem, contamination. 

Relatively large amounts of an adsorbable chro-. 
mogen not identical with adrenaline itself were also 
present in liver, kidney and brain (Table 1), organs 
which are Imown to remove adrenaline most effi- 
ciently from perfusing fluids [Bernheim, 1942] and 
to contain the highest concentrations of an amine- 
oxidase which destroys adrenaline through oxida- 
tive deamination of its side -chain [Blasehko , Richter 

Schlossmann, 1937]. The striated muscle, on the 
other hand, in which the adrenaline-destroying 
oxidase is not present [Blasehko et al, 1937] con- 
tained mainly adrenaline, and the proportion was 
even higher in the tissue of arterial walls. Since 
muscular tissue has only a weak tendency to remove 
adrenaline from perfusing fluids [Pak, 1926], it 
seems probable that at least part of its content in 
chromogenic material with a high d.s.r. is identical 
with sympathin deriving from peripheral adrenergic 
neurones [Cannon & Lissak, 1939]. 

The lowest content of adsorbable ohromogen was 
foimd in blood with a d.s.r. close to 1*0 under 
standard conditions, which indicates that adrenaline 
itself, if it is present in blood, circulates in very 
small amounts only. Bioor & Builen [1941], using 
another modification of Shaw’s method, came to 
the same conclusion. 

The doubtful specificity of Shaw’s method made 
it desirable to investigate its usefulness as a criterion 
of adrenal activity by correlating its results with a 
variety of experimental and clinical conditions 
which, are known or suspected to be accompanied 
by alterations of adrenal secretion or hormone 
deposition. 

^ M than 3000 determinations were carried out for this 
purpose with the following results, some of which have 
been pubKshed in detail [Raab, 1941 a, d, o, d, e, 1942]. The 
term ‘cliromogen’ signifies material which is adsorbed by 
A1{0H)3 at a pH of about 8*5 and estimable by Shaw’s 
method. 

(1) Injection of adrenaline (0*5-l*0 mg.) was followed 
within 30 min. by an average increase of the d.s.r. of human 
blood from 1-11 to 1*58, while the total level of chromogen 
showed Only an insignificant elevation (10 exp.). In rats. 
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both the concentration of chromogen and the d.s.r. were 
increased in the kidney, liver, brain and particularly in 
the heart muscle (+138%). The latter displayed an out- 
standing tendency to accumulate both injected adrenaline 
and other catechol compounds (adrenalone, dihydroxy- 
phenylalanine, pyrocatechol) (52 exp.). 

(2) Injection of thyroxin in rats increased the myocardial 
d.s.r. (10 exp.). After pretreatment with thyroxin the 
myocardial accumulation of injected adrenaline was in- 
tensely accelerated and increased with resulting cardiac 
death within a few minutes (6 exp.). 

(3) Injection of desoxycorticosterone acetate in man was 
followed by a slight increase of the d.s.r. of the blood 
(12 exp.). In rats it was followed by an increased chro- 
mogen content of kidney, liver and heart muscle with only 
little change of the d.s.r. (30 exp.). The vasopressor effect 
of adrenaline was markedly increased by pretreatment with 
desoxycorticosterone acetate (6 exp.). 

(4) Injection of insulin, lG-15 units applied intraven- 
ously increased the d.s.r. of human blood from 1*09 to 1*40 
within 45 min. (5 exp.). In rats the chromogen concentra- 
tion and d.s.r. of the heart muscle, liver, brain and striated 
muscle were increased (40 exp.). 

(5) Vitamin deficiency. The myocardial adsorbable 
chromogen was markedly increased in rats. Administration 
of thiamin chloride restored conditions to normal within 
a few days (15 exp.). 

(6) Exposure to cold. Increase of chromogen and d.s.r. 
in the heart muscle of rats; in the striated muscle the total 
chromogen was diminished but the d.s.r. was increased 
(20 exp.). 

(7) Physical exercise. In fourteen normal persons a slight 
elevation of the average blood chromogen and an elevation 
of the d.s.r. from 0*86 to 1*28 took place within 2-5 min.; 
return to normal followed within 15 min. In rats a con- 
siderable increase of the myocardial chromogen and d.s.r. 
occurred (30 exp.) and in the striated muscle a diminution 
of the total chromogen accompanied by an increase of the 
d.s.r. (30 exp.). 

(8) Adrenalectomy in rats was followed by a diminution 
of the chromogen of the heart muscle (22%), kidney (7 %), 
liver (33 %), brain (24 %), striated muscle (19 %) and spleen 
(47%), with only little change of the d,s.r. (60 exp.). In 
one adrenalectomized dog the blood chromogen level de- 
creased steadily without, however, falling below the lowest 
limit of normal. 

. (9) Essential hypertension. At rest a normal blood chro- 
mogen level in 36 cases, but an increased average elevation 
of the blood chromogen after exercise (14 exp.). 

(10) Angina pectoris. In twelve cases a normal chro- 
mogen level at rest, but abnormally high elevations of the 
blood chromogen after exercise (average from 140 to 195 
colour units/ml,). 

‘ (11) X-ray irradiation of the adrenal region diminished 
the myocardial ^rompgen of rats after exercise (14 exp.). 
In seven patients with angina pectoris the abnormal chro- 
mogen discharges were abolished together with the anginal 
symptoms for periods of several months. 

(12) Pulmonary oedema in two cardiac patients was ac- 
companied by an abnormal increase of the blood chromogen 
level. 

(13) Kidney insufficiency with uraemia was regularly 
accompanied by a strikingly elevated chromogen level 
of the blood (average 372 colour units/ml.) with an 
average d.s.r. of T13, probably due to impaired excretion 
(17 cases). 
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(14) Gushing's disease. Four cases showed a blood chro- 
mogen level near the upper limit of the normal range 
(average 215 colour units /ml.). 

(15) Addison's disease. In one mild case the chromogen 
level was moderately below the normal average (98 colour 
units/ml.). 

(16) ^Hypertensive' and ‘‘arteriosclerotic' heart disease 
with cardiac failure. In the heart muscle either the total 
chromogen or the concentration of adrenaline proper was 
abnormally high in 78% of 32 cases. In one case the 
myocardial chromogen was abnormally low after thera- 
peutic sympathectomy, which may be comparable with the 
disappearance of chromogenic material from the cat’s heart 
after denervation, as observed by Cannon & Lissak [1939]. 

(17) Unexplained sudden cardiac death of a young 
athlete. The chromogen concentration of the heart muscle 
was excessively high (1622 colour units/g. against an 
average of 698 in 21 normal hearts). 

(18) Ageing and arteriosclerosis. The average chromogen 
concentrations of heart, kidneys and arterial walls were 
found to be lowest in early childhood. They increased 
gradually and reached a maximum in senile age. Particu- 
larly high chromogen concentrations were found in arterio- 
sclerosis (138 specimens). 

(19) Adrenal tumours. In two cases with adrenal 
tumours, abnormally high chromogen concentrations were 
found in arterial walls and kidneys. 


SUMIvIARY 

L The results obtained with the method of Shaw 
[1938] for the assay of ‘adrenaline’ in blood and 
tissues (adrenal glands, liver, spleen, kidney, brain, 
heart) are due to the presence in these tissues not 
only of adrenaline itself, but also of adrenaline-like 
substances which contain a catechol ntlcleus, and 
of ascorbic acid. Thus, although the method is not 
specific for adrenaline, it can be used for investiga- 
tions of adrenal and adrenergic function in a 
broader sense. 

2. The results of numerous determinations car- 
ried out under various experimental and clinical 
conditions are in general accord with existing imow- 
ledge or concepts regarding adrenal and adrenergic 
physiology and pathology. 

3. Contrary to the author’s earlier view, it is no 
longer held that the low denominator of the ‘ specific- 
ratio’ obtained by Shaw’s method for many tissues 
is due to the presence of adrenaline in combination 
with cortical hormones. This ratio is low when 
adrenaline -like compounds or ascorbic acid are 
present. 
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Studies on Cholinesterase 

3. SPECIFIC TESTS FOR TRUE CHOLINESTERASE AND PSEUDO -CHOLINESTERASE 

By B. MENDEL, DOROTHY B. MUNDELL and H. RUDNEY, Banting and Best Department 

of Medical Research, JBanting Institute, University of Toronto, Canada 

{Received 20 April 1913) 

In the animal body two esterases capable of hydro- high concentrations of acetylcholine (above 300 mg./ 

lysing acetylcholine exist: a true cholinesterase, 100 ml.), and is far less active at low substrate 

acting exclusively on certain choline esters, and a concentrations; the specific or true cholinesterase, 

non-specificenzyme, whichalsohydrolysesavariety on the other hand, found in red blood cells and 

of non-choline esters [Mendel & Rudney, 1943]. The brain tissue, displays its greatest activity at low 

non-specific or pseudo -cholinesterase, purified from substrate concentrations (below 3 mg./ 100 ml.) and 

horse serum and ^ from dog pancreas [Mendel & is strongly inhibited at high concentrations of 

Mundell, 1943], exhibits its maximum activity at acetylcholine. 




Tliese differences in activity make it possible to 
decide wiietlier an enzyme solution contains mainly 
pseudo- or true clioiiiiesterase. The activity is 
measured towards 0*06 ilf and O-OOGGilf acetyl- 
choline: a ratio (activity at 0*06M/activity at 
0*0006 Jf acetyicholine) of 3, as found with horse 
serum, indicates a preponderance of pseudo-cholin- 
esterase; conversely, a ratio of 0*3, obtained, for 
example, with erythrocytes, points to the pre- 
dominance of true cholinesterase. 

To measure quantitatively the activities of true 
and pseudo -cholinesterase, new tests based on the 
following facts are used: 

(1) Acetyi-/3-methylcholine (d^-acetyl-jS-methyl- 
choline chloride — ‘Mecholyr — ^Merck) is hydro- 
lysed by true but not by pseudo-cholinesterase. 

(2) Benzoylcholine is hydrolysed by pseudo- but 
not by true cholinesterase. The benzoylcholine 
chloride used was prepared according to Fourneau 
& Page [1914] and Baer [1942], and was further 
purified by refluxing with absolute acetone. Both 
preparations had m.p. 206°. 

(3) ISTeither acetyl-^-methylcholine nor benzoyl- 
choline is hydrolysed by the common esterase, an 
enzyme capable of 'hydkolysing glycerides and ali- 
phatic esters [Easson & Stedman, 1937]. 

EXPERIMENTAL 


lysed at all by true cholinesterase, but fairly rapidly 
by pseudo-cholinesterase. Fortmiately, neither of 
these two esters is hydrolysed by the common 
esterase. When guinea-pig plasma, which contains 
both cholmesterases as well as common esterase, is 
allowed to act on benzoylcholine or aeetyl-^- 
methylcholine in the presence of eserine 

(a concentration completely inhibiting both cholin- 
esterases, but not interfering with the action of the 
common esterase), no hydrolysis of either acetyl -/3- 
methylcholine or benzoylcholine occurs (Table 2). 

Table 2. Effect of eserine on the hydrolysis of 
various suhstrates hy guinea-pig plasma 

Hydrolysis (jlcL COo evolved in 10 min.) of 

/ — . „ 

Acetyl-jS- 

Conc. of Tri- Acety]- methyl- Benzoyl- 

eserine bntyrin choline choline choline 

M O’OOSM 0*06 Jf 0*03 Jf 0*006 Jf 

0 ■ 1560 321 28 118 

10-5 1510 0 0 0 

Ail results represent the activity of 0*5 ml. plasma. 

(6) Estimation of true and pseudo -cliolinesterase 
in blood. Tables 3 and 4 show that enzyme concen- 
tration and reaction velocity are directly propor- 
tional under the experimental conditions selected. 


Acetyl-)S- 
methyl- 
choline 
0*03 ilf 


Benzoyl- 
choline 
0*006 Jf 


Table 4. Hydrolysis of benzoylcholine {O'OOdM) 


Tyf)e of ‘cholinesterase’ 0*02 Jf 0*03 ilf 0*006 Jf 

Pseudo-cholinesterase: 

Horse serum, purified pre- 162 1 41 

paration (^acIi 52,000) 

Dog pancreas, purified pre- 148 1 37 

paration (<2 ac1i 430,000) 

True cholinesterase: 

Human red blood cells, 90 76 0 

purified preparation 

Jyoghmin {nucleus caudaius) 99 79 0 

All the results given above and in subsequent tables are 
corrected for non-enzymic bydroly^jis. 

measurements of enzyme activity were carried out 
manometricaiiy, as previously described [Mendel & 
Rudney, 1943]. These results show that acet^l-^- 
methylchoiine is hydrolysed ver^^ slowly, if at ail, ' 
by pseudo-, but readily by true cholinesterase. 

Rpsncirnvlr'.bnli-nA 


Horse plasma 
(mi.) 

0*05 
0*1 
0*2 
' 0*3 


/xl. GO 2 /IO min. 
12*8 
26*0 
52*6 
76*8 


On the basis of the observations of Tables 1-4, 
quantitative estimations of true and of pseudo - 
cholinesterase in blood were mad© with acetyl-^ - 
methylcholine and benzoylcholine respectively. For 
comparison, . the activity of the blood was also 
measured with the old method, with acetylcholine 
(0*06 ikf and 0*0006ikf) as substrate. The procedure 
adopted was as follows : 

Freshly drawn oxalated blood was used, and care was 
taken to avoid haemolysis. The blood was centrifuged for 
15 min. in a haematocrit at 2000 r^p.m. The blood cells 

to 
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Table 3. Hydrolysis of acetyl- 
methylcholine [O'OSM.) 


Haemolysed human 
erythrocytes 
(mi.) 

0*05 

0*1 

0*2 

0*3 


fl. CO 2 /IO min, 
7*0 
13*8 
28*2 ■ 
42*0 


(a) Specificity of substrate. Table 1 gives the re- 
sults of experiments in which preparations of true 
and pseudo -cholinesterase were allowed to act on 
acetyl-j8-methyleholine and on benzoylcholine. All 


Table 1, Hydrolysis of acetyl- ^-methylcholine 
and benzoylcholine 


Hydrolysis (jal. GOg evolved 
in 20 min.) of 
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\'oL 37 

the original blood volume with water. 0-2 ml. of this solu- 
tion, in a total volume of 3 ml., was used for the estimation 
of blood- cell activity with acetyl-/3-methylcholine and 
benzoylcholine. For the measurement of the pseudo- 
cholinesterase in plasma, 0* 1-0*2 ml. of plasma, in a total 
volume of 3 ml., proved sufficient, while 1 ml. of plasma, 
in a tot^l volume of 6 ml., was required to measure the 
activity of the true cholinesterase, since the plasma of 
several species contains only small amounts of this enzyme. 
0*03 i¥ acetyh/l-methylcholme and 0*006 Jf benzoylcholine 


however, disclose the unexpected fact that plasma 
II, in spite of its greater activity at low concentra- 
tions of acetyicholine, contains far smaller amounts 
of true cholinesterase than plasma I. The apparent 
discrepancies in these results are easily understood 
when the action of the pseudo-cholinesterase, 
present in greater amounts in plasma II than in 
plasma I, is taken into accoimt: the pseudo-cholin- 
esterase, being capable of exerting some effect even 



Fig. 1. Fig. 2. 

Fig. 1. Hydrolysis of acetyl-jS-methylcholine. x — x dog plasma; ® — ■» human plasma; a — cn purified 

human blood cells; o — o horse plasma. 

Fig. 2. Hydrolysis of benzoylcholine. x — x dog plasma; » — » human plasma; o — o horse plasma. 


were used in all experiments. These substrate levels were 
well above the optimum found for any one species. Some 
of the activity-substrate concenti’ation curves obtained 
with plasma and cells are shown m Figs. 1 and 2. 


RESULTS 

Table 5 shows that wide variations in the activity 
of the true cholinesterase in plasma remain un- 
noticed when acetylcholine is the substrate. Since 

Table 5. Gholmesterase activity of 1 ml. dog plasma 

(pi. COg evolved in 20 min.) 

Acetyl-fi- • Acetylcholine 

methyl- Benzoyl- , — ^ 

choline choline (a) {h) Ratio 

0*03df 0*006¥ 0-06M 0*0006 Jf (a}/(&) 

Dog I 112 376 682 476 1*4 

Dog 11 ■' 54 ■ 803 1438. 577’- 2*5 : 

plasma II is more active than plasma I both at 
high and at low concentrations of acetylcholine, it 
would appear that plasma II contains larger 
amounts of both pseudo- and true cholinesterase. 
The presence of more pseudo -cholinesterase in 
plasma II is confirmed by the measurements with 
benzoylcholine. Tests with acetyl-^S-methylcholine, 


at low concentrations of acetylcholine, adds its 
activity at this substrate level to that of the true 
cholinesterase, and thereby renders estimations of 
the true cholinesterase illusory. 

The experiments in Table 6 show the distribution 
of the two enzymes in plasma and cells of various 
species and disclose the following facts: (1) The 
blood of some species (ox, sheep) contains no 
pseudo-cholinesterase (Exps. 6, 7). (2) True cholin-: 
esterase is present in the blood of all species investi- 
gated (Exps. 1-11). (3) In most species the true 
cholinesterase is located mainly in the red blood 
cells, the plasma containing smaller amounts of the 
enzyme (Exps. 1-7). (4) Scarcity or lack of true 
cholinesterase in the blood cells of certain species 
(cats, birds) is compensated for by the presence of 
a comparatively larger amount of true cholin- 
esterase in the plasma (Exps. 8-11). 

The constant presence of true cholinesterase in 
blood suggests that this enzyme performs an essen- 
tial function in the blood stream. By virtu© of its 
ability to deal with low concentrations of acetyl- 
choline, the true cholinesterase in all probability 
plays a major part in regulating the amount of 
acetylcholine in the circulation. Pseudo-cholin- 
esterase, being absent from the blood of certain 
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Table 6. Activity of plasma and cells contained in 1 ml. of blood 


Acetyl-jS- 
methylcholine 
0-03 Jf 

A 


Exp. 

Source of blood 

Plasma 

CeUs 

1 

Man: B.M. 

17 

848 


H.R. 0 ^ 

16 

769 


D.M. 2 

11 

761 


D.M. 2 months later 12 

— 

2 

Horse ; (i) r? 

24 

169 


(ii) ? 

15 

160 

3' 

Dog: (i) $ 

37 

150 


^ (ii) 

33 

92 


Guinea-pig: (i) ^ 

49 

224 


(ii) 0 ^ 

57 

190 

5 

Rabbit 

37 

67 

6 

Ox 

Trace 

425 

7 

Sheep 

31 

149 

8 

Cat: (i) d 

54 

32 


(ii) $ 

27 

16 

9 

Chicken 

179 

Trace 

10 

Duck 

26 

Trace 

11 

Pigeon: (i) $ 

37 

0 


(ii) 

43 

0 

species, 

is apparently not 

indispensable 

in this 


respect; moreover-, it could play only a minor role 
in controlling the level of acetylcholine in the blood, 
since it is unable to hydrolyse low concentrations 
of this substrate efficiently. 

SUMMARY 

1. Measurements of cholinesterase activity in 
which acetylcholine is used as substrate give an 
inaccurate picture of the levels of true cholinesterase 


^1. CO 2 evolved in 20 min. 

A ^ ^ 

Acetylcholine 


Benzoyl choline 


0-006 if 

{a) 

(6) 


C — 

— ^ 

0-061/ 

0-00061/ 

Ratio 

Plasma 

Cells 

Plasma 

Plasma 

m^) 

411 

0 

1116 

472 

2-4 

409 

0 

1075 

414 

2-6 

288 

0 

805 

288 

2-8 

289 

— 

801 

275 

2-9 

261 

0 

833 

241 

3-5 

231 

0 

844 

227 

3-7 

224 

0 

409 

234 

1-7 

485 

0 

868 

, 348 

2-5 

287 

0 

635 

336 

1-9 

293 

0 

773, 

502 

1-5 

48 

0 

102 

64 

1-6 

0 

0 

Trace 

Trace 


0 

0 

32 

94 

0-3 

102 

0 

404 

242 

1-7 

83 

0 

365 

183 

2-0 

28 

0 

416 

279 

1-5 

15 

0 

108 

101 

1-1 

— 

— 

503 

361 

1-4 

— ’■ 

— 

582 

422 

1-4 


and pseudo -cholinesterase in any. mixture of the 
two enzymes. 

2. Methods for quantitative estimations of true 
cholinesterase and pseudo -cholinesterase based on 
the use of acetyl -^-methylcholine and benzoyl- 
choline as substrates are described. 

We wish to thank Dr E. Baer, of the Department of 
Chemistry, for a gift of benzoylcholine, and the Banting 
Research Eoundation for a grant to one of ns (D. B. M.). 
This work was presented in part before the Toronto Bio- 
chemical and Biophysical Society, 1$ March 1943. 
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Bacterial Reduction of Tetrathionate 

(A REPORT TO THE MEDICAL RESEARCH COUNCIL) 

By M. R. pollock and R. KNOX, Emergency Public Health Laboratory, Leicester 

(Eeceived 27 April 1943) 


We have previously reported that certain intestinal Cell, 1942]. The present paper gives the experi- 
organisms have the power of reducing tetrathionate mental evidence for this reduction and discusses 
quantitatively to thiosulphate [Pollock, Kjnox & some of the problems which it has suggested. 
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METHODS , ■ 

The reaction is followed by direct iodometric titration — 
a method applicable to the study either of a culture growing 
in a tetrathionate medium, or of a washed suspension of- 
organisms. Our work has been done mainly with washed 
suspensions of Bacterium paratypliosum B. At first these 
were prepared from the growth on plain nutrient agar, but 
the reaction then showed a long latent period before rapid 
reduction started, making the results difficult to analyse. 
When, however, the organisms were grown on agar con- 
taining a suitable concentration of tetrathionate or when 
a suspension prepared from the growth on plain agar was 
incubated with tetrathionate and mannitol or glucose for 
a few hours, the resulting suspehsion, even though re- 
peatedly washed, was highly active, and reduction of tetra- 
thionate was rapid and approximately linear. The signi- 
ficance of this difference between plain agar suspensions 
and tetrathionate-treated suspensions wiU be dealt with 
in a later paper. 

Preparation of bacterial suspensions. 1 ml. of an 18 hr. 
broth culture of Bact. paratyphosum E was used to inoculate 
each of a series of flat bottles containing about 40 ml. of 
2 % nutrient agar prepared from tryptic digest broth. ^ After 
incubation at 37° for 18 hr., the growth was washed off 
with 6 ml. of J strength Binger’s solution. The pooled 
suspensions were then centrifuged and the deposit resus- 
pended in i strength Binger’s solution to give a volume of 
about 2-5 ml. of suspension from each bottle. This sus- 
pension contained on an average about 12*5 mg. bacterial 
dry weight and 1*16 mg. bacterial A/ml. In a final dilution 
of 1 in 5 it was then incubated at 37° in a mixture con- 
taining 0*01 Af tetrathionate, 0*02 A/ mannitol and 0*2 Af 
phosphate buffer (pH 7*7) until aU the tetrathionate had 
been reduced to thiosulphate. This usually took from 
2 to 3 hr. The mixture was then centrifuged and resus- 
pended in I strength Binger’s solution up to any convenient 
dilution. 

Preparation of tetrathionate. Tetrathionate prepared in 
the usual way according to the equation 

2Na2S203+l2=Na2SA+2NaI, (1) 

inevitably contains a high proportion of iodide. This has 
a slight but definite inhibitory effect on reduction of tetra- 
thionate, though it does not appear to affect the reaction 
in any other way. We therefore generally used pure, iodide- 
free tetrathionate prepared by us according to the method 
described by Meilor [1930], although in a few experiments 
we used pure tetrathionate prepared by Messrs Baird and 
Tatlock. After drying over HaSO^ the tetrathionate was 
kept at 0° in the dark, and under these conditions, either 
in the solid form or as a 0*1 AT solution, it remained stable 
for many weeks. 

Quantitative estimations. (1) The total value of Ig- 
reducing substances was estimated by titration with 
standard solution after acidification with CHgCOOH, 
using 0*5 % starch solution as indicator. 

(2) Polythionates, thiosulphate, sulphite and sulphide 
were estimated by the methods of Kurtenacker & Wollack, 
and Kurtenacker & Bittner, as quoted by Starkey [1935 a]. 

(a) Tetrathionate: samples were added to excess NagSO 
(2 ml. of a saturated solution) and made just alkalme to 
phenolphthalein. After 5 min. excess formalin was added 
to fix the sulphite, followed by excess CH3COOH. The 


thiosulphate formed was titrated with standard Ig and the 
amount of tetrathionate calculated from the equation 

KagS^Oe-f ]Sra2S03=Na2Sa03+Na2S306. (2) 

(b) Thiosulphate: Ig was added to convert this all into 
tetrathionate by equation (1), and the tetrathionate fornied 
estimated by the excess sulphite method. 

(c) Estimations for sulphite were made by fixation with 
formalin, for suli)hide by precipitation with ZnCOg and 
filtration, and for pentathionate and trithionate by treat- 
ment with KCN and HgClg [Starkey, 1935 a], 

(3) Bacterial Ng was estimated by the Kjeldahl method. 

(4) Dry weight of bacterial suspensions was determhied 
by evaporation (after thorough washing with distilled HgO) 
at 120° to constant weight. 

Estmiation of tetrathionate reduction 

Unless otherwise stated the following final concentrations 
were used: 0*01 M tetrathionate, 0*02 Af mannitol and 0*2 i)f 
IDhosphate buffer (pH 7*7) containing jffienoi red as indi- 
cator. Mixtures containing substrates and buffer were pre- 
pared in test tubes (f in. diam.) and warmed for 30 min. 
at 37°. After addition of the separately warmed bacterial 
suspension, the tubes were incubated at 37°. A control 
tube was set up at the same time, containing no bacterial 
suspension. Samples were removed at intervals and mixed 
immediately with an equal volume of 10% CH3COOH, 
thus stopping the reaction at once and acidifying the 
solution for the I2 titration. 0*5 mi. of 0*5 % starch was 
added to each sample, which was titrated at once with 
standard I2 . The presence of the organisms did not interfere 
with accurate titration but ordinary bacteriological pre- 
cautions were taken. pH was estimated colorimetrically. 
With 0*2 if buffer and 0*01 Af tetrathionate the pH fell 
from 7*7 to about 7*5 by the time all the tetrathionate had 
been reduced, but this slight drop did not affect the 
velocity of the reaction appreciably (see Fig. 4). 


RESULTS 

Eig* 1 illustrates a typical experiment (done in 
duplicate). It can be seen that the absorbed 
increases linearly with time until the reaction is 
complete. That this increase in Ig absorptive power 
is the result of the quantitative reduction of tetra- * 
thionate to thiosulphate is shown by the following 
facts, illustrated by an experiment shown in Table 1 . 

(1) Independent estimations, by method 2 (6) 
described above, of thiosulphate formed at each 
stage (column 3) show close agreement with the 
direct Ig titrations (column 1). The direct Ig titra- 
tions therefore can be taken to represent with a 
reasonable degree of accuracy the actual amoimts 
of thiosulphate formed. 

(2) It can be seen by comparing columns (4) 
and (6) (which are calculated directly from the 
actual estimations in columns (3) and (5) respec- 
tively) that at each stage in the reaction the 
molecular concentration of thiosulphate formed is 
approximately twice that of the tetrathionate 
which has disappeared. 
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These fgicts are in agreement with the following 
equation for the reduction of tetrathionate : 

NagS.O,. -f 2H = + KgSgOg , ‘ (3) 

in which two molecules of thiosulphate are formed 
from CTery on© of tetrathionate. Since thiosul- 
piiuric acid in solution is highly ionized this equa- 



Time (min.) 

Fig. 1. Tetrathionate reduction by Bad. paratyphosum B. 
Suspension mixture contained 0-01 M tetrathionate, 
0-2 M buffer and 0-02 i¥ mannitol in a final volume of 
12-5 ml. 

The ‘theoretical limit’ line marks the titration value 
to be expected when all the tetrathionate has been con- 
verted into thiosulphate according to equation (3). 

tion could also be expressed as an oxidation of 
H atoms to H ions : 

2H-^2H+ + 2€. (3 a) 

This is consistent with the high degree of acidity 
developed during tetrathionate reduction, even in 


the absence of glucose or mannitol, necessitating 
the use of high concentrations of buffer. 

The close correspondence between the Ig titra- 
tions and the amounts of thiosulphate estimated by 
method 2 (b) (Table 1, columns 1 and 3), is in itself 
evidence that not more than traces of other 
reducing substances are formed. It is true that if, 
for example, sulphite or sulphide were formed 
during the reaction, they would be undetectable 
because they would react chemically with the tetra- 
thionate [Mellor, 1930; Mitchell & Ward, 1932]; 
but if this occurred to any appreciable extent the 
molecular ratio of thiosulphate formed to tetra- 
thionate disappearing would inevitably be less than 
the figure of 2 : 1 which we have foxmd experimen- 
tally. This can be seen by comparing equations 
(2) and (3). There was also the possibility of the 
formation of other polythionates (pentathionate 
and trithionate), but, if these were produced in any 
quantity, the 2:1 ratio of thiosulphate to tetra- 
thionate would again be upset. Direct estimations 
of these substances (method 2 (c)) have failed to 
reveal their presence at any stage in the reaction. 
It is, however, possible that after complete reduc- 
tion of tetrathionate small amomits of sulphite and 
sulphide are formed: indeed the 60 and 90 min. 
readings in columns (1) and (2), which show a slight 
decrease in the Ig value after treatment with for- 
malin, suggest that some traces of sulphite are 
present. Some further action of the organisms on 
the thiosulphate with evolution of HgS is to be 
expected. Washed suspensions of BacL paratypho- 
sum B can certainly produce H 2 S from thiosulphate, 
and HgS can be readily detected after such sus- 
pensions have been incubated with tetrathionate — 
as soon as all the tetrathionate has been reduced to 
thiosulphate. Tarr [1933, 1934] has foxmd that 


Table 1. Formation of thiosulphate and disappearance of tetrathionate in tetrathionate reduction 

by Bact. paratyphosxim B 


Titration value of 5 ml. samples 
with 0-01 N iodine 


Estimation of thiosulphate 


Estimation of tetrathionate 



r 

_A 

formed, expressed as 

concentration expressed 



(2) 

C 

> ^ 

as M X 10' 

-3 



After treat- 

(3) 

. (4) 

f 


Time 

( 1 ) 

ment with 

mi. 0*01 M in 

Cone. 

(5) 

(6) 

min. 

Direct 

formalin 

5 ml. samples 

{M X 10-«) 

Still present Eemoved 




With bacterial suspension 



0 

0-3 


0 

0 

10*3 

0 

15 

31 

— . 

- 2-8 

5*6 

7*4 

2-9 

30 

6*4 

— 

6-1 

12*2 

4*3 

6*0 

45 ■ 

9-7 

— , 

8-9 

17*8 

1*0 

9*3 

60 

10*9 

10-2 

9-8 

19-6 

0 

10*3 

90 

10*9 

10*1 

9-7 

19*4 

0 

10*3 

17 hr . 

10*65 

10*2 

9-9 

19-8 

0 

10*3 



Controls with no bacterial 

suspension 



0,' V 

0*15 

. — 

— 

— 

' .. . 10*5 

0 

90 

0*15 


— 

' — 

10*7 

0 


The solutions, both in the control batch and in that with the bacterial suspension, were made up to a volume of 
100 ml., containing 0*011f tetrathionate, 0 -2111 phosphate buffer (pH 7-7), and 0-02 if mannitol. 
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washed suspensions of Proteus vulgaris form HgS 
from thiosulphate. Tarr’s figures, however, showed 
that the rate of HgS production was slow, while it 
can be seen from Table 1 that with Bact. para- 
typliosum B, even after 17 hr. incubation, there was 
no appreciable alteration in the amoimt of thio- 
sulphate still present. This is still further evidence 
that in the reduction of tetrathionate to thio- 
sulphate subsidiary reactions such as formation of 
sulphite or sulphide are quantitatively insignificant. 


Toxicity of tetrathionate and thiosulphate 

Tetrathionate, up to a concentration of 0*05 ikf, 
has no inhibit orj^ action on its own reduction 
(Table 2). It is also clear from Fig. 1, where the 
reaction proceeds in a straight line practically to 

Table 2. Ajfinity of enzyme for tetrathionate 

Velocity of tetrathionate 
reduction 

(absorption of Ig , as ml. of 
0-005 V L, by 2 ml. samples, 
after 30 min. incubation) 

1-3 
1-3 
1-35 
1-35 
1-35 

Each tube contained washed suspension of Bad. para- 
typhosum B, 0*2 If buffer (pH 7*7), 0-02 i¥ mannitol and 
the appropriate concentration of tetrathionate. Total vol. : 
6 mi. Incubation at 37°. 

completion and where the thiosulphate formed ap- 
proached a concentration of 0-02ikf, that the thio- 
sulphate likewise had no inhibitory effect within 
the limits used. 


Initial molarity of 
tetrathionate 

0-05 

0-02 

0-01 

0-004: 

0-002 


Hydrogen donators for tetrathionate reduction 

Even in the absence of external donators, the 
rate of the reaction is rapid (Table 3). This residual 


Table 3., Effect of hydrogen donators on tetrathionate 
reduction by Bact. paratyphosum B 


Added H donator 

Glucose 
Mannitol ■ 
Lactate 
Formate 
No Ho donator 


Velocity of tetrathionate 
reduction 

(absorption of Ig, as ml. of 
0-005 V I 2 , by 2 ml, samples 
after 30 min. incubation) 

2-45 , 


2-45 

1- 95 

2- 35 
1-4 


Each tube was made up to contain bacterial suspension, 
0-01 df tetrathionate, 0-2 dl buffer (pH 7-7), and 0-02 df 
Hg donator. Total vol.; 5 ml. Incubation at 37°. 


or endogenous reduction constitutes a high propor- 
tion of the total reduction in the presence of man- 


nitol or glucose. We have been unable to decrease 
it even by repeated washings with -|- strength 
Ringer’s solution. For Ba'ct. paratyphosum B, glu- 
cose, mannitol, formate, and, to a less extent, 
lactate can act as Hg donators for tetrathionate 
reduction. 

Affinity of enzyme for tetrathionate 

It has not been possible to estimate the rate of 
tetrathionate reduction with concentrations of 
tetrathionate lower than 0*002 ilf, since the quan- 
tity of thiosulphate formed is then too small for 
accurate analysis. But Table 3 shows that there is 
no appreciable decrease in the initial velocity be- 
tween 0*05ikf and 0*002d4^, so that the affinity of 
the enzyme for tetrathionate must be fairly high; 
moreover, the reduction of tetrathionate is linear 
very nearly to the end of the reaction (Fig. 1). In 
the comparison of different velocities we have, 
however, confined our figures to the first half of 
the reaction, and not attached any significance to 
readings after the concentration of tetrathionate 
has fallen below 0-004df. 

Some physical factors affecting 
tetrathionate reduction 

■ Effect of temperature. From Fig, 2 it can be 
calculated that the mean value between 18° 
and 37° is 1*94 and between 37° and 43° is 2*64. At 



Fig. 2. Effect of temperature on rate of tetrathionate re- 
duction. Velocity of tetrathionate reduction is expressed 
as the absorption of Ig (as ml. of 0-005 V Ig/l ml. sample) 
after incubation for 20 min. at the different temperatui*es. 

Each tube contained washed suspension of Bad. para- 
typhosum B, 0*01 M tetrathionate, 0-2 M buffer (pH 7-7) 
, and 0-02 if mannitol. Total vol. : 5 ml. 

higher temperatures the falls again, and this 
may possibly be associated with enzyme destruc- 
tion, which is rapid at temperatures above 50°. 
Fig, 3 shows the effect of preliminary heating of a 
bacterial suspension at 56°. It can be seen that the 
activity is reduced by over 50 % after only 10 min. 
treatment. 


'■'i 
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Effect of pH. The pH curve (Fig. 4) is of course a 
composite curve of at least two enzyme systems 
and corresponds to the pH curve of many known 
dehydrogenases [Cook & Alcock, 1931]. Accurate 



Min. of exiDOsiire to 56° 

Fig. 3. Bate of inactivation of tetrathionate-reducmg 
system at 56°. Initial velocity of tetrathionate reduction 
is expressed as absorption of Ig (as ml. of 0-005 iV" ml. 
sample) after incubation for 30 min. at 37°. 

Each tube contained washed suspension of Bact. para- 
Ujphomm B (exposed to 56° for varying periods from 
0 to 45 min.), 0-01 M tetrathionate, 0-2 M buffer (^)H 7-7) 
and 0*02 Jf mannitol. Total vol.: 5 ml. 



Fig. 4. Effect of on tetrathionate reduction by Bacf. 
paratyphoeum B. Velocity of tetrathionate reduction is 
expressed as absorption of I2 (as ml. of 0-005 iV' \j2 ml. 
sample) after incubation for 30 min. at 37°. 

Each tube contained bacterial suspension, 0-01 If 
tetrathionate, 0-2 phosphate buffer {pB. 6-0-8-3) and 
0-02 iff mannitol. Total vol. : 10 ml. 

r6sults below jpS. 6*0 havo not been obtainable, but 
when the reaction ceases in an nnbnffered suspen- 
sion inixture, the pH is about 4*0. It can therefore 
be assumed that the velocity below pH 4*0 is 0. 

Effect of oxygen. Facilities were not, available for 
testing the effect of known Og tensions, but Table 4 
shows the relative velocities of tetrathionate reduc- 
tion: (1) in evacuated Thunberg tubes, (2) in tubes 
open to the air, (3) in sealed tubes exposed to an 
atnaosphere of and (4) in tubes through which 


Table 4. Effect of oxygen on tetrathionate 
reduction by Bact. paratyphosum B... 

Velocity of tetrathionate 
reduction 

(absorption of I2, as ml. of 
0-005 N I2 , by 2-5 ml. sami)les 
Treatment after 30 min. incubation) 

(1) Anaerobic I’o- 

(2) Open to air 6-80 

(3) Exposed to O2 6-75 

(4) ‘Oxygenated’ 0-85 


Each tube contained bacterial suspension, 0-01 iff tetra- 
thionate, 0-2 iff buffer (pH 7-7) and 0-02 iff mannitol. 
Total vol.: 2-5 ml. Incubation at 37°. 

Oi> was bubbled continuously. The first three tubes 
showed little difference in velocity, probably be- 
cause in all three cases the conditions were nearly 
anaerobic, since diffusion of Og from the atmosphere 
was not rapid enough to replace the Og in solution 
which was consumed [see Hahn & Hiciiardson, 
1941]. On the other hand, when O 2 w-as continu- 
ously bubbled through the mixture, tetrathionate 
reduction was decreased by about 90 % . 

Specificity of tetrathionate reduction 

The ability to reduce tetrathionate abtively to 
thiosulphate is restricted to certain groups of 
organisms. For investigating the distribution of 
this property in different bacterial groups we used 
the following technique in order to provide condi- 
tions as near optimal as possible for a wide range of 
organisms : 1 8 hr. broth cultures of organisms to be 
tested were centrifuged and the deposit incubated 
with 0*01 ikf tetrathionate, 0-2ikf phosphate buffer 
and 50% tryptic digest broth as source of Hg 
donators. Under these conditions the follow^^ing 
organisms were found to reduce tetrathionate 
actively: Bact, paratyphosum B and many other 
Salmonellas (but excluding Bact. paratyphosum A), 
Bact. typhosum (Eberthella typhosa), Proteus vulgaris 
and P. morganii, and some intestinal non-pathogens 
of the coliform intermediate group. We were unable 
to detect any tetrathionate reduction by Esche- 
richia coli I, many of the non -pathogens commonly 
met with in human faeces, dysentery ha>cilli, Coryne- 
bacterium diphtheriae and a few strains of strepto- 
cocci and staphylococci. Pseudomonas aeruginosa 
{Ps. pyocyanea) occupies an interesting position, 
since it was found to reduce tetrathionate slowly 
and is reported by Starkey [1934, 1935 a] to oxidize 
thiosulphate to tetrathionate. 

DISCUSSION 

The bacterial reduction of tetrathionate is of con- 
siderable biological interest and may have im- 
portant implications in several different fields of 
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investigation. The relevance of tetrathionate re- 
duction in the understanding of selective media for 
the diagnosis of suspected tj^hoid or Salmonella 
infections has been discussed elsewhere [Klnox, Gell 
& Pollock, 1943]. We there suggested that tetra- 
thionare might act as an alternative Hg acceptor 
to O^. If this is so we should expect that under 
anaerobic conditions tetrathionate would favour 
the growth of those organisms which can reduce it. 
In this way tetrathionate would be similar to other 
Hg acceptors such as nitrate [Quastel, Stephenson 
& Whetham, 1925], but would be more specific and 
in that sense selective, because the power to reduce 
tetrathionate is more restricted. We have given 
some experimental results which suggest that this 
is so [Knox et al. 1943]. 

Tetrathionate reduction may be an important 
link in the natural cycle of synthesis and breakdown 
of S compounds by bacteria. Though this has not 
been studied so thoroughly as the ISTg cycle, there 
has accumulated in recent years some evidence 
indicating how HgS is oxidized to sulphm and 
sulphate and converted to organic sulphur com- 
pounds by certain micro-organisms and then re- 
evolved by subsequent reduction of these substances 
by other bacteria [see summary by Bunker, 1936]. 
Beijeriiick [1900, 1904] mentioned that bacteria in 
his group 'Aerohacter \ which contained gas -forming 
intestinal organisms, were able to reduce tetra- 
thionate, pentathionate, thiosulphate, sulphite and 
sulphur to HgS. It is now clear that production of 
H 2 S from tetrathionate by bacterial action occurs, 
at least with the organisms that we have investi- 
gated, only when all the tetrathionate has first been 
reduced to thiosulphate, and that this reduction is 
much more rapid than the subsequent reduction 
of thiosulphate to HgS. NagSgOg is known to be 
present in many soils [Starkey, 19355] and the 
discovery that it can be rapidly formed from tetra- 
thionate by bacterial action is an interesting 
counterpart to the already well-established fact 


soils and inland wd^ters of Ps.fluorescens [Waksman, 
1931] may have some connexion with the long 
survival of Pact, typliosum and Salmoneilas outside 
the human body, since their supply of an alter- 
native H 2 acceptor to Og (i.e. tetrathionate) would 
then be continuously renewed. 

The reduction of tetrathionate resembles in many 
waj^s the reduction of other Hg acceptors (e.g. 
nitrate) by bacteria and the mechanism of Hg 
transfer is probably similar. Og inhibits the reduc- 
tion of nitrate [Stickland, 1931]: it has also a 
definite though less marked inhibitory effect on the 
reduction of tetrathionate. In both cases there ap- 
pears to be a competition between Hg acceptors for 
activated Hg. That the reduction of tetrathionate 
need be no subsidiary means of substrate oxidation 
is suggested by the speed of the reaction. In one 
experiment the rate of Hg transfer was equivalent 
to an Og consumption of 68 mm./mg. dry bacterial 
wt./hr. (assuming all the Og to be reduced to HgO)— 
a figure which is of the same order as that for the Og 
consumption of Esch, coli [Cook & Haldane, 1931]. 

It is suggested that the system responsible for the 
bacterial reduction of tetrathionate to thiosulphate 
be named provisionally Hetrathionase’. 

SUMMARY 

1. Washed suspensions of Bacterium paratypho- 
sum B can reduce tetrathionate rapidly and cpanti- 
tatively to thiosulphate according to the equation 

Ha2S406 -{- 2H = ISTagbgOg “h HgSgOg . 

2. This reaction can be followed simply by direct 
iodometric titration. 

3. The power of actively reducing tetrathionate 
appears to be restricted to certain intestinal or- 
ganisms. 

4. The effect of pH, temperature and Og tension 
on the reaction have been investigated. 

5. Some biological implications of bacterial re- 
duction of tetrathionate have been discussed. 


that thiosulphate can be oxidized to tetrathionate express our thanks to Prof. M. E. 

by certain heterotrophic soil organisms, amongst peiafield and Prof. G. S. Wilson for their valuable advice 
which are members of the genus Pseudomonas and criticism, and to Prof. 0. R. Harington for his interest 
[Starkey, 1935a]. The widespread occurrence in and encouragement. 
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A Note on the Fate of Stibophen in the Body 

By L. G, GOODWIN, Wellcome Bureau of Scientific Research, Euston Road, London, N.W,1 
AND J. E. PAGE, Chemical Research Department, Qlaxo Laboratories Ltd., Greenford, Middlesex 

{Received 12 May 1943) 


By means of a simple and rapid polarographic 
technique [Goodwin & Page, 1943] we have been 
able to determine the rate of excretion of Sb after 
the injection of stibophen (Fouadin; sodium anti- 
mony 6 i 5 -pyroeatechoi- 3 : 5 -disuiphonate) with a 
higher degree of accuracy than has previously been 
possible. It was considered that a critical examina- 
tion of the relative rates of excretion of the Sb and 
the Na catechol disiilphonate portions of the stibo- 
phen molecule would throw some light upon the 
fate of the drug in the body. 

Khalil [1936 a, 6 ] made use of the colour reaction 
given by catechol with iron salts to detect the 
presence of stibophen in the urine of patients re- 
ceiving intramuscular injections of the drug. The 
urine was treated with a solution of PeClj or ferrous 
ammonium sulphate and made strongly alkaline 
with NH 4 OH. The depth of colour produced corre- 
sponded approximately with ‘the amoimt of Sb in 
the urine as revealed by the Reinsch test’. How- 
ever, the excretion of Sb continued after the colour 
test on the urine had become negative. Hassan 
[1937, 1938], using the Beam & Freak [1919] method 
for the determination of Sb, found that not more 
than 20 % of the Sb administered as stibophen was 
excreted in 24 hr. by schistosomiasis patients. In 
the present work, the rates of urinary excretion of 
the Sb and catechol fractions of the stibophen 
molecule were measured in normal human subjects 
by accmate methods of assay. 


EXPERIMENTAL 

Determination of Sb. Sb was determined in the urine 
by the direct polarographic method previously described 
[Goodwin & Page, 1943]. 

Determination of catechol. For the accurate estimation 
of the catechol portion of the molecule, KhaHl’s test had 
to be modified, as the quality and intensity of the colour 
was found to be affected by normal urine constituents. 

When the ferrous tartrate reagent described by Mitchell 
[1923] was used, a clear colour unaffected by normal urine 
constituents was produced, and this reagent was therefore 
chosen in preference to FeClg or ferrous ammonium sul- 
phate. The catechol compound in a concentration of 
1:10,000 in urine produced a measurable depth of colour, 
and the colour produced by Na catechol disulphonate was 
identical qualitatively and quantitatively with that pro- 
duced bj’- an equivalent amount of stibophen. 

General procedure. Young normal male volunteers re- 
ceived intramuscular or intravenous injections of stibophen 
(6‘3 % solution) or Na catechol disulphonate (4*66 % solu- 
tion). Urine was collected hourly for the first 6 hr. after 
injection, and subsequently in 6-12, 12-24, and 24-48 hr. 
fractions. 

To 5 ml. of urine in a test tube were added 5 ml. of a 
tenfold dilution of concentrated NH3 solution (sp. gr. 
0*880), and the mixture was heated for a few minutes in a 
boiling water- bath to coagulate any precipitate formed. 
After centrifuging, 2 ml. of the supernatant fluid were 
mixed with 2 ml. of a freshly prepared solution containing 
0*1% FeS04 and 0*5% Rochelle salt, diluted to 10 ml., 
and the colour intensity estimated with a Hilger ‘Spekker’ 
absorptiometer. A blank in which the reagent was replaced 


Table 1 . 


The urinary excretion of Sb and catechol by normal human subjects after the injection 


of stibophen 


% dose excreted (hr.) 


Injection 

Stibophen (5 ml. of a 6*3% solution 

Sb: 

' 0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-12 12-24 24-48^ 

(41 mg. Sb) intravenously (6 subjects)) 

0/ 

/o 

6-0 

1*9 

1*6 

0*5 

0*6 

0*6 

2-3 3-3 4-4 


Range 

Catechol: 

4-1-9-9 0-9-3-7 

0-5-4-1 0-3-0-8 0*2-1 -0 0*2-1*0 1-3-3-6 2-0-5-5 2*8-6*2 


0/ 

/o 

33 

23 

16 

10 

9 

7 



Stibophen (5 ml- of a 6-3% solution 

Range 

Sb: 

22-55 

13-47 

14-22 

4-14 

6-12 

3-9 

„ 

(41 mg. Sb) intramuscularly (5 sub- 

0/ 

/o 

4-4 

1-8 

0*9 

0*5 

0*4 

0*2 

1*6 2*1 3*2 

jects)) 

Range 
Catechol : 

3'3~5*7 1-4-2-7 0-^l-6 0‘3-0-8 0-2-0-7 

0-2-0-4 0-9-2-2 1-6-2-7 2*6~3*9 


0/ 

/o . 

25 

22 

13 

11 

11 

6 

— , ■ ■ ' ^ 

Na catechol-3 :5-disulphoiiate (5 ml. of 

Range 

Catechol: 

15-49 

13-35 

10-16 

8-15 

6-16 

0-9 

— ' — ■ — 

a 4-66 % solution (equivalent to 6*3 % 

% 

29 

26 

16 

8 

8 

5 

■ ■ ■ ' ' __ 

stibophen) intravenously (3 subjects)) 

Range 

20-38/ 

18-33 

8-24 

5-11 

6-11 

2-12 

— ^ ■ . — 


Total 
excretion 
in 6 hr. 

0,/ 


11-2 


98 


8*2 


88 



92 
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by H 2 O was used to compensate for the colour of the 
original urine. The concentration of catechol was calculated 
by reference to a standard curve prepared with urinary 
solutions of stibophen of known concentrations. 
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Fig. 1. The excretion of stibophen by subject M.C. 
® antimony, o catechol, both from a 5 ml. dose of 
stibophen (6*3%). a catechol, from a dose of sodium 
catechol disuiphonate equivalent to 5 ml. of stibophen 
(6-3%). 

RESULTS 

The results (Table 1, Fig. 1) show that in the 
normal subject catechol excretion was almost 


complete in about 6 hr., whereas the Sb excretion 
was very much slower, and followed a different 
course. The rates of excretion were not affected 
by changes in urine volume. In Khalil’s experi- 
ments, his colour test failed after 6 hr. because 
the catechol portion of the molecule had been 
completely eliminated.- The function of the catechol 
appears to be to keep the circulating Sb in solu- 
tion in a non-toxic form while it is being absorbed 
by the liver or excreted by the kidney. Meanwhile, 
excretion of the catechol takes place independently 
of that of the Sb and (as shown by the results) 
at the same rate as that of an equivalent dose 
of Na catechol disuiphonate. 

SUMMARY 

1. EdialiFs test for stibophen in urine has been 
modified for use as a quantitative method for the 
determination of the catechol fraction of the 
molecule. 

2. The catechol fraction has been shown to be 
excreted very much more rapidly than the Sb of 
stibophen, elimination being complete in six hours 
in the normal subject. 

Our thanks are due to the volunteers, especially Mr 
E. Rogers, who was also responsible for the catechol 
determination. 
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The Action of Amino -acids and Proteins on Liver-fat Deposition 

By H. J. CHAISTKON, G. T. MILLS and A. P. '2'LKTT, Department of Biochemistry, 

University of Liverpool 


{Received 1 

Any explanation of the lipotropic action of proteins 
must take into account the now well-established 
facts that while cystine accelerates, methionine par- 
tially prevents the deposition of fat in the livers of 
rats maintained on diets high in fat and low in 
lipotropic factors. Agreement on the question as to 
whether the effects of these two amino -acids alone 
aceount for the lipotropic behaviour of proteins has, 
however, yet to be reached. Thus Best & Ridout 
[1940] and Channon, Manifold & Platt [1940] con- 
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elude that these two amino -acids are not the only 
factors involved; in contrast, Tucker, Treadwell & 
Eckstein [1940] claim that the cystine and methio- 
nine contents of the diets used by them suffice 
adequately to explain their results. More recently, 
Treadwell, Groothuis & Eckstein [1942] arrived at 
similar conclusions but also found that when me- 
thionine was present as the free ainino-acid in the 
diet it appeared to be superior to that contained in 
protein (caseinogen) so far as lipotropic action is 

31-2 





concerned. Before final conclusions with regard to 
the action of proteins on liver-fat deposition can be^ 
drawn, it is essential to have information concerning 
both the C]iialitative nature and the intensity of the 
action of all the naturally occurring amino -acids. 
We have previously reported the results of studies 
of a niixTiber of these acids [Bees ton & Platt, 1939] 
and the present paper records further experiments 
with other pure amino -acids. At the same time the 
question of the lipotropic activity of proteins has 
been attacked from a new angle by the use of frac- 
tionated protein hydrolysates. The results of these 
experiments, which, are also presented, indicate the 
complex nature of the problem. 

EXPERIMENTAL 

General 

The animal experiments and the analyses of liver fat were 
carried ont with rats as experimental animals, according to 
methods developed in this laboratory [Channon, Manifold„& 
Platt, 19386, 1940]. The basal diets used to produce fat- or 
cholesterol-fatty livers varied in detail in the different ex- 
periments and are mentioned as each is described. Blood 
fibrin was prepared according to the method of Channon, 
Loach, Loizides, Manifold & SoHman [1938 a]. 

Estimation, of dmino-acids 

Determinations of the cystine and methionine contents 
of the proteins and the amino-acid fractions were carried 
out by the method of Baemstein [1936]; in the titration 
method we have found that the recovery of methionine 
was 91%, which agrees with the correction figure of M2 
given by Kassel & Brand [1938]. The tyrosine contents of 
the proteins and fractions prepared from hydrolysates were 
determined by the method of Lugg [1937, 1938]. 

Preparation of amino-acids 

The tyrosine used in these experiments was prepared 
from caseinogen, the cystine from hair; other amino-acids 
obtained commercially. 

Preparation of protein f ractions 

Caseinogen hydrolysate, Caseinogen was hydrolysed with 
H2SO4 and the hydrolysate neutralized with Ba(OH)2 [Berg 
& Rose, 1929], filtered and concentrated in vacuo. The 
was partly solid and partly an uncrystallLzable 

syi’up. 

Butanol fractionation, A caseinogen hydrolysate prepared 
as above was concentrated until the volume was equivalent 
to 1 1. for every 500 g. original caseinogen. The solution 
was allowed to cool, and the residue obtained by filtration 
is referred to subsequently as Fraction I. The filtrate was 
then exhaustively extracted with equal volumes of butanol 
on a shaking machine at room temperature. The butanol 
extracts were concentrated m vac%io and the amino-acids 
filtered, washed with ether and dried. The yield of butanol- 
solubie amino-acids was roughly 20% of the weight of 
caseinogen used. Butanol-insoluble amino -acids remained 
in the form of a syrup on concentration and were used 
as Buch."; " 

Copper salt fractionation. The butanol-soluble amino- 
acids were divided into three groups, according to their 


solubilities in HgO and dry CHgOH, by the method of 
Town [1928, 1936]. These three groups are : {a) amino-acids 
with Cu salts insoluble in HgO; (6) amino-acids with Cu 
salts soluble in HgO but insoluble in dry CH3OH; (c) amino- 
acids with Cu salts soluble in HgO and in dry CH3OH. 

Assessment of results 

Difficulties were encountered in deciding on the signi- 
ficance of differences which occurred in the amounts of 
liver fat of groups of rats receiving various dietary treat- 
ments. With carefully selected groups, each of not less 
than ten animals, there may be variation in4he amount 
of fat deposited in the pooled livers even when the groups 
are under identical dietary treatment. These differences are 
greater when the livers become very fatty, and contain 
amounts of fat greater than, say, 1-5 g., as compared with 
the normal figure of 0T3 g. The differences, however, de- 
crease rapidly as the amount of fat fails from these very 
high figures^ so that when -the liver fat is no more than 
three or four times the normal, they tend to disappear. 
Similarly with animals receiving supplements of substances 
under test; if the liver fat is very high, only substantial 
decreases can be regarded as significant. As the liver fat 
diminishes to 0*5--l*0 g., however, decreases of small magni- 
tude become significant, for the ease of removal of fat from 
the liver diminishes as the amount of its contained fat 
decreases. Although methods of statistical analysis have 
been applied, we have found cases in which results which 
have subsequently been found to be significant have not 
been revealed so by mathematical methods. Considerable 
caution in interpreting apparent changes between control 
and experimental groups has, therefore, to be exercised, 
and even with great experience some degree of uncertainty 
in interpreting the results is inevitable. 

, RESULTS 

Experiments with pure amino -acids 

The first two experiments were designed to test the 
action on liver fat deposition of as many amino - 
acids as were available. In Exp. 1, five groups of 
rats were maintained on basal diet A (Table 1). 
Four groups received supplements of 0-2 % aspartic 
acid, lysine, phenylalanine and serine respectively. 
In Exp, 2, 14 groups of rats received basal diet B 
(Table 1). The 12 experimental groups received 
supplements of 0*5 % alanine, arginine, aspartic 
acid, histidine, hydroxyproline, leucine, lysine, 
phenylalanine, proline, serine, trj-’ptophan and 
valine respectively. 

Table 1. Composition of basal diets {g.llOO g,) 

(In addition to the following constituents all diets contained 
1 g. cod-Hver oil and 5 g. salt mixture/100 g. diet.) 


Casein- 

Albu- 

Glu- 

Beef 

Mar- 

Chole- 

.a. 11 cun I 

ng./rat/ 

ogen 

min 

cose 

dripping 

mite 

sterol 

day 

5 

0 

46 

40 

3 

0 

' 0 

0 

10 

4A 

40 

0 

0 

10 

5 

0 

64 

20 

5 .. 

0 

0 

0 

8 

54 

30 

0 

2 

10 

0 

8 

46 

40 

0 

0 

10 

10 

9 

45 

39 

0 

0 

12 

0 

5 

50 

39 

0 

0 
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The amino -acids tested in Exp. 1 have clearly 
had no action on the level of liver fat (Table 2). In 
Exp. 2 also, no amino -acid save tryptophan has 
caused the weight of liver fat to differ from the 
control figure by a significant amount (Table 2). 

• Table 2. The effect of dietary supple^nents of 

' ammo -acids on liver fat of the rat 


Change 




in body 

Liver 

Fat 

Fat ill 



wt. 

(?/o of 

(%of 

liver of 



(±% 

final 

fresh 

100 g. 


Dietary 

original 

body 

liver 

rat 

Group 

supplement 

wt.) 

wt.) 

wt.) 

g* 


Exp. 1. Basal diet A. Period of feedia 

g 14 days. 


Amino-acid supplement = 0*2 % 


1 ‘ 

None 

- 5 

4*8 

14*54 

0*70 

2 

Aspartic acid 

-13 

4-5 

15*87 

0*72 

#3 

Lysine 

-13 

4-7 

13*60 

0*64 

4 

Phenylalanine 

- 3 

4-6 

14*57 

0-67 

5 

Serine 

- 7 

4*5 

15*06 

0-67 


Exp. 2. Basal diet E 

. Period of feeding 18 days. 


Amino-acid supplement = 0*5 % 


6 

None 

0 

5*6 

23*93 

1-43 

7 

None 

- 3 

6-0 

23*87 

. 1*51 

B 

Alanine 

0 

5-0 

23*54 

1-25 

9 

Arginine 

+ 2 

4-9 

24*85 

1-28 

10 

Aspartic acid 

+ 2 

5*0 

24*63 

1-24 

11 

Histidine 

-f ! ■' 

5-7 

27*62 

1-58 

12 

Hydro xyproline 

+ 3 

5-6 

26*95 

1-51 

13 

Leucine 

3 

5-0 

23*39 

1-22 

14 

Lysine 

+ 1 

5*8 

25*95 

1-58 

15 

Phenylalanine 

- 3 

5-6 

24*25 

1-43 

16 

Proline 

-h 3 

5-6 

22*03 

1-30 

17 

Serine 

0 

4*7 

27*26 

1-26 

18 

Tryptophan 

0 

4*8 

20*69 

1-05 

19 

Valine 

- 3 

5-8 

25*97 

1-53 . 

The decrease caused by tryptophan 

from 

1*50 to 


1*05 g. is noteworthy, but unfortimately further 
supplies of tryptophan were not available, and the 
necessary confirmation of this result could not. 


I therefore, be sought. 

Glutamic acid. Exps. 3-10 were concerned with 
I a more detailed study of the effect of glutamic acid 

; on the cholesterol- and fat-fatty liver. It was found 

that glutamic acid exerted some effect in preventing 
glyceride deposition in the cholesterol -fatty liver, 
but to our surprise had little significant effect on 
the fat -fatty liver (Table 3). 

TJie results of Exps. 3 and 4 show that although 
0*24 % glutamic acid $nd its mono-sodium salt had 
I little, if any, action on the ievels of liver fat, 2-4 % 

i of both of these substances definitely decreased the 

' glyceride fraction. The decreases in Exp. 3 from 

1*12 g. for the control group to 0*70 g. for the 2*4 % 
glutamic acid group, and in Exp. 4 from 0*57 to 
0*38 g. in the corresponding groups, thus show that 
this amino -acid possesses some lipotropic action. 
The results of Exp, 5 agree with those of Exps. 
3 and 4 and define the effect of glutamic acid more 
closely. Thus the effect shown by 3 % of the Na salt 
is shown equally well at the lower level of 0*5 %. 
A demonstrable effect is therefore shown by a 0* 5 % 
supplement of glutamic acid, but no further effect 


Table 3. Effect of glutamic acid on the 
cholesterol-fatty liver 

Fatty acids 
Change / ^ 




in body Liver 

In 

In 



wt. 

(% of 

100 g. 

liver of 



(±% 

final 

fresh 

I-* 

8 

Gp 


Dietary 

oi'iginal 

body 

hver 

rat 

Group 

sujiplement 

wt.) 

wt.) 

g. 

g- 


Exp. 3. Basal diet C; period of feeding 17 days 


20 

None 

- 7 

5-3 

21-03 

1-12 

21 

0-24 % glutamic acid 

- 6 

4-6 

20-08 

0-91 

22 

0*4% glutamic acid 

-10 

4*5 - 

15-58 

0*70 


Exp. 4. Basal diet C; period of feeding 21 days 


23 

None 

_ 5 

4-3 

13-24 

0*57 

24 

0-24% mono-sodium 

- 8 

4-1 

13-53 

0-56 


glutamate 





25 

2-4% mono-sodium 

-11 

4*1 

9-25 

0-38 


glutamate 






Exp. 5. Basal diet D; period of feeding 18 days 


26 

None 

- 5 - 

5*6 

25-34 

1-42 

27 

0-5 % mono-sodium 

- 4 

5*1 

21*44 

1*09 


glutamate 





^8 

3-0% mono-sodium 

-10 

4*8 

20*65 

0-99 


glutamate 






Exp. 6. Basal diet D; period of feeding 17 days 


29 

None 

- 8 

6*7 

31*88 

2*15 

30 

0-5 % glutamic acid 

- 4 

5*8 

26*19 

1*53 

31 

2-5 % glutamic acid 

- 5 

5*7 

27*95 

1-59 

32 

10 % glutamic acid 

- 6 

5*4 

26*44 

1*44 

33 

0*58 % mono-sodium 

- 7 

5*9 

31*06 

1*84 


glutamate 





34 

2-88 % mono-sodium 

- 7 

5*6 

30*40 

1-69 


glutamate 





35 

11-5 % mono-sodium 

- 6 

5-7r 

28-91 

1*65 


glutamate 





36 

1-44% NaHCOs 

- 3 

6*4 

31-47 

2*00 


is induced by increasing the amoimt of the supple- 
ment above this level. 

The results of Exp. 6 show that glutamic acid has 
decreased the fat deposition in groups 30-32, al- ‘ | 
though the fact that the decrease does not run 
parallel with the amomit of the supplement is again 
noteworthy. The results for groups 33-35, in which 
the mono -sodium salt was used, also show some 
decrease in the amount of fat deposited in the 100 g. 
rat liver, while group 36 has served as a further 
control to group 35. While the effects of glutamic 
acid in preventing glyceride deposition in the chole- 
sterol-fatty liver are not of great magnitude, the 
results, which are in agreement, are significant.* 

The results of Exps. 7-10 show conclusively that 
neither glutamic acid nor mono -sodium glutamate 
have any action on the fat-fatty liver. In Exp. 7 
glutamic acid has raised the fat content of the liver 
of the lOOg. rat 0-70-0-98 g., but this result was 
not substantiated in Exps. 8-10, where in no case 
do the animals on supplemented diets show any 
difference from those on the control diet (Table 4). 

Tyrosine. At first sight the results (Table 5) 
would seem to indicate that tyrosine possesses a 
small lipotropic action, the level of liver lipids (of 
the 100 g. rat) having been lowered by 0*34 g. in 
1*01 g. by 0*5% tyrosine in Exp. 12 (groups 52 
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Table 4. Effect of glutamic acid on the fat-fatty liver 




Change 






in body 

Liver 

Fat 

Fat in 



wt. 

(% of 

(% of 

liver of 



(i% 

final 

fresh 

100 g. 


■ .Dietary 

original 

body 

liver 

rat 

Group 

supplement 

wt.) 

wt.) 

wt.) 

g- 


Exp. 7. Basal diet A; 

i period of feeding 14 days 


37 

None 

~5 

4*8 

14-54 

0-70 

38 

0*2% glutamic acid 

+ 1 

4-6 

21-56 

0-98 


Exp. 8. Basal diet E; period of feeding 18 days 


39 

None 

_4 

4-1 

14-80 

0-60 

40 

5 % mono-sodium 

-5 

■'4*2 

13-98 

0-58 


glutamate 






Exp. 9. Basal diet E; 

period of feeding 

18 days 


41 

None 

-2 

4-9 

19-34’ 

1-01 

42 

3% mono-sodium 

-2 

4-8 

20-79 

1-07 


glutamate 






Exp. 10. Basal diet E; period of feeding 16 days 


43 

None . 

+2 

5*9 

28-64 

1-68 

44 

0*5 % glutamic acid 

-1 

5-8 

29-66 

1-72 

45 

2'6 % glutamic acid 

-1 

5-8 

31-36 

1-80 

46 

10% glutamic acid 

4-2 

5*4 

30-07 

1-62 

47 : 

0*58 % mono-sodium 

+4 

5-6 

29-91 

1-68 


glutamate 





48 

2-88% mono-sodium 

0 

6-1 

28-58 , 

1-75 


glutamate 





49 

11'5% mono-sodium 

0 

5-5 

28-25 

1-55 


glutamate 






and 53). This result was substantiated in Exp. 13, 
where 0*3% tyrosine lowered the liver lipids (of 
the 100 g. rat) from M5g. in group 54 to 0*71 g. 
in group 55. 3*0 % tyrosine, however, lowered the 


Table 5, Effect of tyrosine on the fat-fatty liver 




Change 






in body Liver 

Fat 

Fat in 



wt. 

(% of 

(%of : 

liver of 



(±% 

final 

fresh 

100 g. 


Dietary 

original 

body 

liver 

rat 

Group 

supplement 

wt.) 

W't.) 

wt.) 

g- 


Exp. 11. Basal diet A; period of feeding 14 days 


50 

None 

-5 

4-8 

14-54 

0-70 

51 

0-2 % tyrosine 

~6 

4-7 

12-23 

0-57 


Exp. 12. Basal diet E; period of feeding 18 days 


52 

None 

~2 

4-9 

19-34 

1-01 

53 

0-5 % tyrosine 

0 

4-2 

15-85 

0-67 


Exp. 13- Basal diet F;. period of feeding 18 days 


54 

None 

_5 

4-8 

24-02 

1-15 

55 

0-3 % tyrosine 


4-1 

17-58 

0-71 

56 

3-0 % tyrosine 

-2 

4-4 

21-10 

0-93 


Exp. 14. Basal diet G; period of feeding 18 days 


57 

None 

-5 , 

6-5 

30-11 

1-96 

58 

0-1 % methionine 

-6 

6-0 

31-04 

1-87 

59 

0-3 % tyrosine 

-8 

6-4 

32-39 

2-06 

60 

0-1 % methionine \ 






+ 0-3 % tyrosine j 

-4 

5-3 

28-44 

1-50 

liver lipids by only 0-22 g. 

When these results 

were 


statistically analysed, the figures for the tyrosine 
groups were not significantly different from those 
for the control group. Exps. 11 and 14 do not give 
any indication of a possible lipotropic action of 
tyrosine. It would appear, therefore, that tyrosine 
has little if any action on the liver lipids of animals 
with fat-fatty livers. 


Table 6 . Effect of tyrosine on the 
cholesterol-fatty liver 

Fatty acids 


Change 




in body 

Liver 

In 

In 



w4.. 

(% of 

100 g. liver of 



:(±% 

final 

fresh 

100 g. 


Dietary 

original 

body 

liver 

rat 

Group 

supplement 

wt.) 

wt.) 

g- 

g- 


Exp. 15. Basal diet C; period of feeding 17 days 


61 

None 

- 7 

5-3 

21-03 

1-12 

62 

0*3% tyrosine 

- 2 ■■ 

4-3 

16-41 

0-71 

63 

3-0% tyrosine 

-10 

4-3 

13-62 

0-58 


Exp. 16. Basal diet C; period of feeding 21 days 


64 

None 

- 5 

4-3 

13-24 

0-57 

65 

0-3% tyrosine 

- 6 

3-9 

10-98 

0-43 

66 

6-0% tyrosine 

- 7 

3-9 

11-21 

0-43 


Exp. 17. Basal diet D; period of feeding 18 days 


67 

None 

~ 5 

5-6 

25-34 

1-42 

68 

0-5% tyrosine 

- 8 

5-6 

26-31 

1-47 


Exp. 18. Basal diet D; period of feeding 16 days 


69 

None 

- 6 

7-1 

33-11 

2-35 

70 

0-5 % tyrosine 

- 4 

7-2 

30-33 

2-18 

71 

None 

_ 6 

8-2 

34-73 

2-83 

72 . 

0-5 % tyrosine 

0 

8-2 

33-83 

2-76 


In only one of these four experiments with the 
cholesterol -fatty liver does tyrosine exert any signi- 
ficant effect on the liver lipids (Table 6), this being 
in Exp. 15, where 0-3% tyrosine lowers the liver 
lipids of the 100 g. rat from T12 g. in group 61, to 
0*71 g. in group 62, and 3*0% tyrosine lowers the 
level to 0-58 g. (group 63). In the other three ex- 
periments tyrosine exerts no significant effect on 
the amount of liver fat. These findings appear to 
confirm the above conclusion that tyrosine lacks 
any lipotropic activity. In one experiment (Exp. 14) 
0*3 % tyrosine and 0*1 % methionine together have 
exerted an action on the level of liver lipids which 
is greater than that exerted by 0-3% tjorosine or 
0-1% methionine alone, and it was this result 
which led to a belief that in conjunction with other 
amino-acids tyrosine may influence the level of liver 
lipids. In later experiments, therefore, when amino - 
acid fractions of equivalent methionine and cystine 
content were compared for action on liver lipids, 
the tyrosine contents were also equalized, so that 
the true effect of amino -acids other than these three 
should become apparent. 

Experiments with protein hydrolysates 

It was now becoming obvious that the problem 
of the lipotropic action of proteins should be tackled 
from another angle, and the most obvious method 
was the examination of the action of various frac- 
tions of the protein molecule, formed by hydrolysis 
on the liver lipids of animals with fatty livers, since 
it is plain from the work of Chaimon eif al. [1940] 
that cystine and methionine alone cannot explain 
the lipotropic action of proteins. 
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Casein hydrolysate. Up to the present there has 
been only one recorded observation concerning the 
lipotropic action of a protein hydrolysate. Carter 
& Melville [1940] found that hydrolysed caseinogen, 
with tryptophan added to replace that lost during 
hydrolysis, had the same activity as the original 
caseinogen. The amount of the amino -acid added 
appears to have been arbitrary, and no actual deter- 
minations were made. In this work, however, no 
account was taken of the possible loss of cystine and 
methionine during hydrolysis. We have found that 
as much as 50% of these amino -acids may be lost 
during hydrolysis by the method employed. This 
result is, therefore, of doubtful value. 

We, therefore, compared the lipotropic action of 
imhydrolysed caseinogen, with that of hydrolysed 
caseinogen to which methionine and cystine and 
tyrosine were added in amounts to ensure an intake 
of tlese amino -acids equal to that provided by the 
original caseinogen. Possible effects of tryptophan 
were, for the present, ignored. 

Three groups of rats { 73-“75) received basal diet G, 
Group 73 served as control, group 74 received a 
supplement of 15% caseinogen, and group 75 the 
hydrolysis products equivalent to a 15% supple- 
ment of caseinogen with the addition of sufficient 
cystine, methionine and tyrosine to bring the in- 
takes of these amino-acids up to the level of the 
caseinogen group. The analytical figures concerning 
the caseinogen and its hydrolysate are recorded in 
Table 7. 

Table 7. Amino -acid content of caseinogen 
and hydrolysed caseinogen 


Total content (g.) of 


Material 

Solids 

Nitro- 

gen 

Cys- 

tine 

Methio- 

nine 

Tyro- 

sine 

Caseinogen 

Total hydrolysis pro- 
ducts of 315 g. casein- 

315 

269 

40-05 

36-50 

1-55^ 

0-60- 

8-37* 

6-86 

18-60* 

12-26 

ogen 

Recovered after hydro- 

85 

81 

39 

82 

66 


lysis (% of total) 

Based on the following percentage contents: cystine 0-5; 
methionine 2-75; tyrosine 6-0. 

Table 8. Effect of hydrolysed caseinogen 
on the fat-fatty liver 

Exp, 19. Basal diet -G; period of feeding 16 days 
Change 


Group 

Dietary 

Supplement 

in body 
wt. 

(±% 

original 

wt.) 

Liver 

(%of 

final 

body 

wt.) 

Fat 
(% of 
fresh 
liver 
wt.) 

Fat in 
liver of 
100 g. 
rat 

g- 

73 

None 

-9 

5-95 

33-94 

2-02 

74 

15 % caseinogen 

+7 

3-98 

13-49 

0-54 

::75,' : 

Hydrolysate of 15 % 

—5 

3-85 

14-28 

0-56 


caseinogen 


The results (Table 8) show that supplemented 
hydrolysed caseinogen has the same lipotropic 
action as the unhydrolysed caseinogen, for even 
though the animals receiving the hydrolysate lost 

5 % of their w'eight, while those receiving caseinogen 
gained 7 % , previous experience shows that these 
differences are not of sufficient magnitude to in- 
fluence the liver-fat deposition. Thus the conclusion 
to be drawn from this experiment is that if there is 
present in caseinogen one or more compounds which 
affect liver-fat deposition, other than cystine, me- 
thionine and tyrosine, these further compounds are 
stable to acid hydrolysis. Since tryptophan is in 
part destroyed during hydrolysis, this result implies 
that this amino -acid plays only a minor, if any, 
part in liver -fat deposition. 

Butanol fractions of caseinogen hydrolysates. At 
this point we tested the action of fractionated 
caseinogen hydrolysates, and the groups of amino - 
acids soluble or insoluble in butanol were chosen as 
the most readily prepared fractions for the initial 
experiments. 

When the action of caseinogen and the butanol- 
soluble and insoluble fractions of the amino -acids 
derived from it were compared, additions of cystine, 
methionine and tyrosine were again made so that 
the intake of these ‘active’ amino -acids was the 
same as that in the group receiving caseinogen. It 
also was considered desirable to equate the N intake 
with that of the caseinogen group ; suitable amounts 
of gelatin were therefore added, since gelatin has 
been shown to be without lipotropic action except 
at high levels [Best, Grant & Ridout, 1936; Chan- 
non et al. 1938a]. An additional group received 10 % 
gelatin also supplemented to bring the intake of 
the ‘active’ amino -acids to the same level as that of 
the caseinogen group. A further group received 
blood fibrin, since it was desirable to obtain more 
information regarding the action of this protein 
than had previously been obtained [Channon et al. 
1938a], 

The analytical data for the various amino -acids, 
and for the protein fractions used in this experi- 
ment, are presented in Table 9. Th^- basal diet G 
(Table 1) was used and was supplemented in the 
five experimental groups with 10 % caseinogen (77), 

6 % butanol -soluble amino -acids and* 4 % gelatin 
(78), the butanol-insoluble amino-acids equivalent 
to 10 % caseinogen with gelatin sufficient to equate 
the IST intake to that of group 77 and 78 (79), 10 % 
gelatin (80) and 10% blood fibrin in group 81. 
Cystine, methionine and tyrosine were added to 
groups 77-81 in amoxmts sufficient to ensure that 
the intake of these amino -acids in these groups was 
equivalent. 

Table 10 shows that the addition of 10 % ca^eino- 
gen has lowered the liver fat from the control figure 
of 1*96 g. (group 76) to 0*75 g, in group 77, while 
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Table 9. Amdmo-acid content of proteins and of 
amino-acid mixtures used in Exp. 20 


Gcilatin 
Blood fibrin 
Caseinogen 

Butanol-soluble amino-acids (jdeld: 
20% of original caseinogen) 
Butanol-insoluble amino-acids from 
500 g. caseinogen (233 ml. of a 
non-crystallizable syrup containing 
189 g. solids) 


Table 10. Effect of various proteins and supple- 
mented fractions of hydrolysed caseinogen on the 
fat-fatty liver 

Exp. 20. Basal diet G; period of feeding 16 days 
Change 


Content {‘^ 

y of 

Methio- 

Cys- 

Tyro- 

nine 

tine 

sine 

0-5 

0-1 

0-0 

2-0 

1-0 

44 

2-75 

0-5 

6-0 

4-6 

0*5 

, 4-1 

0-61 

0-29 

0-91 


Group 

Dietary 

in body 
wt. 

(±% = 
original 

Liver 
(% of 
final 
body 

Fat 
{% of 
fresh 
liver 

Fat in 
liver of 

100 g. 

rat 

supplement 

wt.) 

wt.) 

wt.) 

g- 

76 

None 

-8 

6-51 

30-16 

1-96 

77 

10% caseinogen 

-f-6 

4-28 

17-58 

0-75 

^ 78 

6 % butanol-soluble 
amino-acids 

■ 

3-50 

10-42 

0-37 

79 

3-8% butp,nol-msoluble 
amino-acids 

>3 

4-72 

24-44 

1-15 

80 

10% gelatin 

-I 

4-05 

19-72 

0-80 

81 

10% blood fibrin 

+8 

4-87 

21-35 

1-06 


that the intakes of the above amino -acids were the 
same as in group 77, had an action indistinguishable 
from caseinogen, even though it is known to be 
without action when unsuppiemented. While the 
results of this experiment seem in the light of pre- 
vious experience to be convincing, their admittedly 
unexpected nature made it desirable to confirm 
them, and Exp. 21 was, therefore, carried out under 
the exact conditions of Exp. 20, save that the action 
of fibrin was not investigated further. 

Table 11 . Effect of proteins and supplemented frac- 
tions of hydrolysed caseinogen on the fat -fatty liver 

Exp. 21. Basal diet G; period of feeding 17 days 
Change 


Dietary 

supplement 

None 

10% caseinogen 
6 % butanol-soluble 
amino-acids 
3-8 % butanol-insoluble 
amino-acids 
10 % gelatin 


The results of this experiment (Table 1 1 ) confirm 
in every particular those of Exp. 20. Particularly 


in body 

Liver 

Fat 

Fat in 

wt. 

(% of 

(% of 

liver of 

(±% 

final 

fresh 

100 g. 

original 

body 

liver 

rat 

wt.) 

wt.) 

wt.) 

g- 

-10 

5-40 

26-78 

1-45 

+ 1 

4-16 

14-05 

0-59 

. - 6 

3-66 

9-63* 

0-35 

- 1 

4-38 

18-88 

0-83 

- 2 

3-91 

17-01 

0-67 


in group 78, which received the butanol -soluble 
amino -acids, the amount of liver fat is even lower 
.at 0*37 g.; while the difference between these two 
latter figures is not striking, it is- statistically signi- 
ficant. Since groups 77 and 78 both received the 
same intake of the amino -acids known to be active, 
it is thus a reasonable deduction that the butanol- 
soluble fraction contains^ either more of a further 
amino -acid which decreases liver fat or less of one 
which accelerates liver -fat deposition than that 
present in caseinogen. This conclusion seems sup- 
ported by the results for group 79 (Table 10), which 
received the butanol -insoluble amino -acid fraction, 
for while the amount of liver fat (M5-g.) is again 
not strikingly different from that for the caseinogen 
group 77 (0-75 g.), the difference is in the reverse 
direction from that of the butanol -soluble group 
and is of similar magnitude. The fact that the 
amount of butanol -soluble amino-acids fed was 
three times greater than their yield from 10% , 
caseinogen does not, of course, affect this conclu- 
sion, although it is impossible to deduce more from 
these findings than that the lipotropic action of 
caseinogen may not be accounted for by the actions 
of its contauaed cystine, methionine and tyrosine. 

In apparent contrast with this conclusion are the 
results for group 80, which received gelatin which 
was also supplemented with cystine, ifiethionine 
and tyrosine. Gelatin supplemented in this way, so 


interesting from the immediate point of view is the 
confirmation of the finding that when gelatin, which 
alone is devoid of lipotropic action, is supplemented 
with cystine, methionine and tyrosine, its action is 
indistinguishable from that of caseinogen. It will 
be remembered that in groups 78 and 79 of Exp. 20, 
as well as in groups 84 and 85 of the present experi- 
ment, it was considered desirable to equate the 
N intake to that of the caseinogen groups, and for 
this purpose gelatin, a protein known to be lipo- 
tropicaily inactive, was used. As a result, the 
immediate conclusion from the previous and present 
experiments that it is possible to prepare from 
caseinogen hydrolysates fractions which, irre- 
spective of their contents of cystine, methionine 
and tyrosine, exert actions of varying magnitude 
on liver -fat deposition, may not be valid because 
of the possible interfering action of the gelatin 
supplements. We therefore compared with that of 
caseinogen the action of a similar amount of gelatin 
alone, and supplemented’ with cystine, methionine 
and tyrosine in amounts which were such that the 
intake of these amino -acids was similar to those of 
the caseinogen group ; at the same time study was 
made of the action of similar amounts of these 
amino -acids alone. 

Basal diet G (Table 1) was supplemented as 
follows; group 95, 15 % caseinogen; group 98, 15 % 
gelatin; group 99, 15% gelatin plus sufficient 
cystine, methionine and tyrosine to make the level 
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■ of these amino-acids up to that present in the 

caseinogen supplement of group 95; group 100, 
cystine, methionine and tyrosine in amounts equi- 
valent to those in the 15 % caseinogen supplement. 

Table 12. Effect of gelatin and some caseinogen 
' , fractions on the fat -fatty livers 


Exp. 23. Basal diet G; period of feeding 16 days 
Change 



in body 

Liver 

Fat 

Fat in 


wt. 

{% of 

(% of 

liver of 


i±% 

Dietary original 

linal 

fresh 

100 g. 


body 

liver 

rat 

Group supplement wt.) 

wt.) 

wt.) 

g- 

94 

None —9 

5-95 

33-94 

2-02 

95 

15 % caseinogen -f-7 

3*98 

13-49 

0-54 

96 

2-6% fraction I —3 

3-74 

13-44 

0-50 

97 

9*8 % fraction II —4 

4-15 

14-38 

0-59 

98 

15% gelatin — 7 

5-38 

33-09 

1-78 

99 

15 % gelatin - 1 - cystine, —4 
methionine and tyrosine 

3-53 

13-15 

0-46 

100 

Cystine, methionine and —4 

3-65 

14-74 

0-54 


tyrosine equivalent to 
15 % caseinogen 


A comparison of the liver -fat deposition in 
group 95 (Table 12) with that in group 99 provides 
yet further confirmation that the action of gelatin, 
when supplemented with active amino -acids, is in- 
distinguishable from that of an equivalent weight 
of caseinogen. The results for group 98 demonstrate 
again that unsupplemented gelatin is without effect. 
The result of most immediate interest is that given 
by group 100, where it is very clearly demonstrated 
tha>t an intake of an amount of cystine, methionine 
and tyrosine equal to that present in a 15% 
caseinogen supplement has an action identical with 
that of a 15% caseinogen supplement itself. This 
result suggests that the lipotropic action of caseino- 
gen depends solely on its content of these three 
amino -acids, and that it was purposeless to pursue 
the investigation further. On the other hand, the 
findings in Exps. 20 and 21 seem to be in conflict 
with this view. In both experiments the amounts of 
fat deposited in the livers of the groups receiving 
the butanol-soluble and insoluble fractions differ 
not only from each other, but also from that de- 
posited in the caseinogen groups, by amounts which 
are statistically significant. This conclusion is sup- 
ported by the findings of Exp. 23, which show that 
the additions of gelatin made in groujDS 78 and 79 
of Exp, 20 and in groups 84 and 85 of Exp. 21, 
which were made in order to equate the JST intakes 
to that of the caseinogen groups, has had no in- 
fluence on the liver -fat deposition. If this be so, 
something other than cystine, methionine and tyro- 
sine must account for the differences resulting from 
the administration of the fractions soluble and 
insoluble in butanol, and the investigation was 
therefore carried further. 

Gu salt fractions of casein hydrolysate. In Exps. 
20 and 21 the butanol -soluble amino-acids were fed 


as a 6 % supplement, an amount chosen because it 
equated, without further supplement, the methio- 
nine intake of the groups receiving it with that of the 
caseinogen groups. In order to attempt to obtain a 
more quantitative comparison with caseinogen this 
fraction was now fed in the amomit which would 
be derived from the weight of caseinogen with which 
it was being compared; this procedure had been 
adopted in the case of the butanol -insoluble amino - 
acids in both Exps. 20 and 21 and was again re- 
peated for this fraction. No attempt was made to 
equate the N intake for the reasons aheady dis- 
cussed, and the use of gelatin was, therefore, 
discontinued. 

At the same time it was felt desirable to compare 
further fractions from the butanol -soluble amino - 
acids with the imfractionated acids, since the results 
of Exps. 20 and 21 suggested that if there did exist 
one or more unknown lipotropically active con- 
stituents, the study of this fraction was likely , to 
be most profitable. For this purpose the Cu salt 
separation described in the experimental section 
was used and three fractions of amino -acids pre- 
pared: (a) with Cu salts insoluble in HgO, (6) with 
Cu salts soluble in HgO and insoluble in dry CHsOH*, 
and (c) with Cu salts soluble in H 2 O and soluble in 
dryCHsOH. 

Methionine, cystine and tyrosine estimations 
were carried out on each fraction and the analytical 
data for these three fractions and for the butanol- 
soluble and insoluble amino -acids are presented in 
Table 13. 


Table 13. Amino -acid contents of the fractions 
of caseinogen used in Exp. 22 

Content (%) of 



Cys- 

Methio- 

Tyro- 

Material 

tine 

nine 

sine 

(a) Butanol fractionation 



Caseinogen 

0-5 

2-75 

6-0 

Butanol-soluble amino-acids (20% of 
caseinogen) 

0-3 

5-1 

4-0 

Butanol-insoluble amino-acids (183 g. 
from 500 g. caseinogen) 

0-46 

0-88 

1-15 

(5) Cu salt fractionation of butanol-soluble 
amino-acids (125 g.) 


Amino-acids with Cu salts insoluble in 
H20(42g.) 

0-43 

5-34 

4-40 

Amino-acids with Cu salts soluble in 
HgO and insoluble in CH 3 OH (28 g.) 

0-28 

5-68 

4-17 . ' 

Amino-acids with Cu salts soluble in 
H 2 O and soluble in CH 3 OH (32 g.) 

0-11 

1-28. 

4-05 

Total recovered after fractionation^^ 
(g ./100 g. starting material) 

76-0 

66-5 

86-0 


* The total weight of the three fractions was 102 g., i.e. 82% 
of the weight of the starting material. 

Although neither Town [1928, 1936] nor Caldwell 
& Rose [1934] claim that the Cu salt method gives 
a clean separation of amino -acids into three groups, 
the figures given in Table 13 for the cystine. 
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iiiethioniiie and tyrosine contents of the three frac- 
tions show that in om’ hands the separation is not 
good. Town [1941] has "recently stated that the 
presence of ISTHs and of the dicarboxylic amino - 
acids greatly interferes with the Cu salt separation, 
and that these substances must be removed before 
attempting the fractionation. Since this was not 
done in these investigations, it may accoimt for the 
poor separation of the Cu salts of the above- 
mentioned amino -acids. 

Basal diet G (Table 1) was supplemented as fol- 
lows: group 88, 15% caseinogen; group 89, 3% 
butanol -soluble amino -acids, which represented the 
weight of these amino -acids derived from 15% 
caseinogen; group 90, 5-6% butanol -insoluble 

amino -acids, equivalent to 15 % caseinogen; groups 
91~93, the amino -acids obtained from the different 
Cu salt fractions of the butanol-soluble fraction in 
amounts derived from 3% of the latter, and thus 
equivalent to 15 % caseinogen. In addition, groups 
89-93 received supplements of methionine, cystine 
and tyrosine in amounts calculated on the basis of 
the analyses recorded in Table 13, so that these 
groups obtained the same intake of these acids as 
did group 88, which received 15 % caseinogen. 

Table 14, Effect of caseinogen and fractions thereof 
and of fractions of the butanol-soluble amino-acids 
on the fat-fatty liver 


Exp. 22. Basal diet G; period of feeding 16 days 




Change 
in body 
wt. 
(±% 

Liver 
(% of 
final 

Fat 
(% of 
fresh 

Fat in 
Hver of 

100 g. 


Dietary 

original 

body 

liver 

rat 

Group supplement 

wt.) 

wt.) 

wt.) 

g- 

87 

None 

-9 

, 4.79 

26*52 

1-27 

88 

15 % caseinogen 

-F5 

3*96 

10*12 

0*40 

89 

3 % butanol-soluble 
amino-acids 

-4 

3*54 

8*61 

0*31 

90 

5*6% butanol-insoluble 
amino-acids 

0 

3*60 

14*00 

0*51 

91 

1 % amino-acids with Cu 
salts insoluble in HgO 

-8 

4*02 

11*56 

0*47 

92 

0*7 % amino-acids with 
Cu salts soluble in HgO 
and insoluble in CHgOH 

-6 

4*39 

21-61 

1*00 

93 

0 * 8 % amino-acids -with 
Cu salts soluble in HgO 

-6 

3*93 

16*75 

0*66 


and soluble in CHgOH 

The results (Table 14) confirm the presence in 
caseinogen of a factor or factors other than cystine, 
methionine and tyrosine, which plays some part in 
the lipotropic action of caseinogen. In spite of the 
fact that groups 88-93, inclusive, received equi- 
valent intakes of cystine, methionine and tyrosine, 
the amounts of fat deposited in the livers of rats 
varied from 21-6 % in group 92 to 8*6 % in group 89. 

These resuits introduce two possibilities : that 
there exists in caseinogen either a substance with a 
methionine -like action which is concentrated in the 
butanol-soluble amino -acids and from there into the 


group of amino -acids having Cu salts insoluble in 
HgO, since this group (91) has an action indis- 
tinguishable from caseinogen, or a substance with 
a cystine -like action, which cannot exert this action 
until it is separated— as for example by the copper- 
salt method — from some inhibiting factor. The re- 
sult of group 92 lends some belief to the latter idea 
since the level of liver fat in this group is very much 
greater than that in the caseinogen group (89), 
although both groups received equivalent intake 
of the known active amino -acids. 

From an examination of the analytical data for 
the butanol -soluble and insoluble groups of amino - 
acids, it will be seen that together these make up 
only a little over 57 % of the original caseinogen, 
thus leaving approximately 43 % unaccounted for. 
The action of this fraction on liver fat was investi- 
gated in Exp. 23. Two fractions of hydrolysed 
caseinogen were examined, fraction II, which is the 
sum of the butanol -soluble and insoluble amino - 
acids, and fraction I, which is the rest of the hydro- 
lysed caseinogen. The hydrolysate from 315 g. 
caseinogen was concentrated in vacuo to 650 ml. 
and allowed to crystallize. The amino -acids which 
separated were filtered off and dried. This com- 
prised fraction I. The filtrate was concentrated as 
far as possible by vacuum distillation, w’^hen about 
two -thirds of the material was obtained in the solid 
form and the rest in the form of a non-crystallizable 
syrup. The solids plus syrup constituted fraction II. 
Cystine, methionine and tyrosine determinations 
were carried out on these fractions and the ana- 
lytical data recorded in Table 15. 

Table 15. Amino -acid contents of the fractions 
of hydrolysed caseinogen used in Exp. 23 


Amounts 

^ Total content (g.) of 

0 / A — 


Material 

g- 

% of r 
starting 
material 

Cys- 

tine 

Methio- 

nine 

Tyro- ' 
sine 

Caseinogen 

315 

100 

1*55 

8*37 

18*60 

Fraction I 

52 

17 

0*10 

3*41 

, 8*84 

Fraction II 

206 

65 

0*39 

3*11 

2*09 

Fractions I and II 

258 

82 

0*49 

6*55 

10*39 

Total recovered after 

, — 

82 

32 

78 

59 


hydrolysis {% of that 
originally present) 


Groups 96 and 97 were supplemented by fractions 
I and II respectively in amounts equivalent to a 
15% supplement of caseinogen. Groups 96 and 97 
were supplemented with cystine, methionine and 
tyrosine in amounts such that the intakes of these 
amino-acids were equivalent to that of a 15% 
caseinogen supplement (group 95). The results for 
these groups have already been recorded in Table 12. 

Clearly the amounts of fat in the livers of animals 
in groups 95, 96 and 97 are indistinguishable, and 
the results support those for groups 95, 98, 99 and 
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f 100, in showing that cystine, methionine and tyro- 

* sine alone may account for the lipotropic action of 

; caseinogen. 

' We have now arrived at the point where two 

i series of experiments have indicated opposing solu- 

tions to the problem of accounting for the lipotropic 
activity of caseinogen. 

DISCUSSION 

The results of Exps. 20--22 make it clear that 
cystine, methionine aiid tyrosine alone cannot ex- 
plain the lipotropic activity of caseinogen, since 
groups of rats receiving equivalent intakes of the 
: above amino -acids have liver-fat levels which are 

significantly different. Furthermore, these differ - 
( ences are large enough for the conclusion to be 

drawn that there exists in the protein molecule 
I some new factor which affects the level of liver 

lipids, and that this factor varies in amount in the 
different fractions examined. Although in Exps. 
i 20 and 21 the results are complicated by the 

presence of gelatin, in Exp. 22 this is not the case, 
and here the differences are clearly demonstrated. 
The butanol -soluble amino -acids have a greater 
lipotropic action than an equivalent amount of 
caseinogen. Furthermore, the figures for the liver- 
fat levels of the groups of animals fed the amino- 
acids fractionated by the Cu salt method show very 
f distinct differences, even though the cystine, me- 

! thionine and tyrosine intakes were equivalent in 

the three groups. 

The experiments with pure amino -acids have 
given no clue to a further factor which affects liver 
' fat. Of the 14 amino -acids examined so far, none 

‘ has shown any significant effect. Interesting in 

itself, although casting no light on the general 
problem, was the observation that glutamic acid 
' exerts a lipotropic action on the cholesterol -fatty 

liver but not on the fat-fatty liver. There would 
appear to be no adequate explanation of this fact 
at present, but it may be bound up with the fact 
that both caseinogen and egg albumin, which were 
used as basal proteins, contain considerable amounts 
of glutamic acid, and at the levels at which they 
are fed contribute over 1 % of that amino -acid to 
^ the diet. Glutamic acid is, therefore, the only sub- 

stance which has so far been encountered in this 
laboratory which exerts an effect on the cholesterol- 
fatty liver and yet is without action on the fat -fatty 
liver. Tryptophan was found in one experiment to 
possess only a small lipotropic action, and this is 
not sufficient evidence for any concrete conclusion 
to be drawn about this amino -acid. Tyrosine also 
has a questionable action on liver fat. 

Singal & Eckstein [1941] found that dZ-valine, 
dZ-leucine and dZ-isoleucine had no effect on liver -fat 
deposition. In addition, it has been found in this 


laboratory that glycine also has no action on the 
fatty liver [Manifold, 1939], so that the only amino - 
acids which have not been examined are threonine, 
nor -leucine, nor -valine and hydroxyglutamic acid, 
and the possibility exists that one of these may 
show significant action on the fatty liver. 

The conclusions to be di’awn from the results 
obtained with, supplemented gelatin in Exps. 20, 21 
and 23 would appear to be in opposition to that 
already drawn from Exps. 20-22, and indicate that 
cystine, methionine and tyrosine alone account for 
the lipotropic activity of caseinogen. Tucker et al. 
[1940] came to a similar conclusion when they found 
that the lipotropic action of a low -protein (5 % 
caseinogen or edestin), high -fat diet, so supple- 
mented with cystine and methionine that its con- 
tent of these amino -acids was equal to that of a 
20 % caseinogen diet, was similar to that observed 
when the level of caseinogen in the diet was 20 % . 
On the other hand, Best <fe Ridout [1940] found 
that cystine and methionine in amounts equivalent 
to a 30% caseinogen supplement had little lipo- 
tropic action compared with that of a 30 % caseino- 
gen supplement. Now Channon et al, [1940] showed 
that for both free cystine and methionine there is a 
limiting intake above which no further increase in 
the amounts of these amino -acids ingested had any 
influence on the level of liver fat, and these authors 
came to the conclusion that the action of cystine 
and methionine alone cannot explain the lipotropic 
activity of caseinogen. 

A finding which further complicates this work is 
that of Treadwell et al. [1942], whose experimental 
data seem to indicate that diets supplemented with 
methionine, as the free amino -acid, were superior 
in lipotropic action to the diets containing equi- 
valent amounts of methionine in the form of pro- 
tein. Such a finding casts a certain amount of 
doubt on 4he conclusion drawn from the result of 
Exp. 23 (and of parts of Exps. 20 and 21) con- 
cerning the supplemented gelatin. 

The balance of this work appears to be in favour 
of the existence of at least one unknown factor in 
caseinogen which affects the level of liver fat. The 
results with the butanol-soluble amino -acids would 
lead one to assume the presence of a lipotropic 
factor, whereas the results of Exp. 22 (groupi!91, 92 
and 93) lead to the conclusion that there exists 
another substance, with a cystine-like action, which 
is not manifest in the presence of certain other 
protein constituents. 

It is abundantly clear that much further work is 
necessary before any definite conclusions may be 
drawn concerning this problem. A further factor 
which may influence the action of fractions of 
hydrolysed caseinogen is that we have no know- 
ledge of the fate of the amino -acids which are par- 
tially destroyed during hydrolytic and other treat- 
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[Lepkovsky, Jukes & Krause, 1936; Elvehjem & 
Koehu, 1935]. These substances, generally known 
as hltrate factors, were called factor 2 by Lepkovsky 
and his colleagues. Chicks deprived of filtrate 
factors are checked in growth and develop a charac- 
teristic dermatitis; young rats also show subnormal 
increase in weight and a less specific skin affection 
with greying of the pigmented fur. In due course 


meiits. The possibility exists that they may be 
converted into substances which have actions on 
the fatty liver different from that of the amino -acids 
in the original form. An example of this reversal of 
action is given by the work of Singal & Eckstein 
[1941], who found that whereas cystine accelerated 
liver-fat deposition, cystine betaine had the oppo- 
site action, and another substance having a lipo- 
tropic action was dithiodiglycollic acid. 

It is to be regretted that conditions did not allow 
of our continuing this investigation, and conse- 
cjnently our results are presented in an incomplete 
form. 

SUMMARY 

1. Fourteen pure amino -acids were investigated 
with a view to ascertaining whether or not they had 
any effect on the deposition of fat in the livers of 
rats on diets high in fat and low in lipotropic 
factors. 

2. Tryptophan was found to possess a small lipo- 
tropic action in one experiment, and tyrosine to 


possess a small but questionable action on the fat- 
and cholesterol-fatty livers. 

3. Glutamic acid was found to exert a lipotropic 
action on cholesterol- but not on fat -fatty livers. 

4. The lipotropic actions of various protein frac- 
tions were studied. Evidence was obtained that 
some factor which affects liver -fat deposition, other 
than cystine, methionine and tyrosine, is present 
in the protein molecule. This factor can be concen- 
trated in the butanol -soluble amino -acid fraction. 
Fractionation by the copper-salt method effected 
further concentration of the unknown factor and 
indicated the possible presence of a substance which 
accelerates liver -fat deposition. Conflicting results 
have been obtained in experiments with gelatin, 
and in one experiment with caseinogen fractions, 
and more work is necessary to elucidate the problem 
completely. 
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grant by the Medical Research Council for which grateful 
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Investigations on the Bg group of vitamins made 
with chicks fed on a heated diet of mixed grains, 
and with rats on synthetic diets supplemented by 
purified aneurin (vitamin Bj), riboflavin, and pyri- 
doxine (vitamin Bg), have led to the discovery that 
the filtrates obtained when extracts of yeast, liver 
or rice bran are treated with Fuller’s earth contain 
substances essential for growth of these animals 
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I it was discovered that the filtrate factor fraction 

I contained a substance identical with ‘pantothenic 

I acid ’ , a compound found necessary for the growth of 

j certain strains of yeast [Williams, Lyman, Goodyear,* 

Truesdail & Holaday, 1933]. For a concise account 
j of the gradual discovery to date of the different 

components of the vitamin Bg complex reference 
I should be made to the review by Lepkovsky [1942]. 

i ' Before the identification and synthesis of panto- 

thenic acid was accomplished [Williams & Major, 
1940], Jukes [1937] had measured the ‘filtrate 
{ factor’ potency of different foods by feeding them 

to chicks maintained on the heated grain diet. The 
; criterion adopted was rate of weight increase, a 

preliminary attempt to use degree of cure of derma- 
I titis having proved unsatisfactory. 

I There is no record of any attempts to use rats for 

i the biological estimation of pantothenic acid, al- 

I though the growth -promoting activity of certain 

I materials fed to rats as supplements to the so-called 

! ‘filtrate -deficient’ diet has been measured in this 

laboratory [Copping, 1943]. The results cannot be 
I applied directly to the pantothenic acid content of 

these materials, since it is now certain that ‘filtrate 
factor deficiency’ is not a deficiency of pantothenic 
acid alone, but also of at least one other growth- 
promoting substance [see Lepkovsky, 1942]. 

1 In an attempt to estimate a vitamin by biological 

^ . method, in which the growth of a young animal is 

. adopted as criterion, the first requisite is a basal 

f diet which shall contain, in optimum amounts, all 

other essential nutrients. We therefore looked for 
an addition to the ‘filtrate -deficient ’ synthetic diet 
which should supply the additional unknown groviih 
‘filtrate factors’ without pantothenic acid. Our 
first choice was a whole liver^ extract in which we 
hoped to destroy the pantothenic acid present by 
i acid or alkaline hydrolysis. This proved unsuccessful 

j (see below, p. 494), and we finally chose wheat germ. 

I Baldm, Aschehoug & Zbinden [1930] noted the de- 

' velopment of greyness of rats with pigmented fur 

: on a diet in which wheat germ supplied the B vita- 

. mins, and ascribed the effect to toxicity of the 

I wheat germ. Miss A. M. Copping (private communi- 

1 cation) made a similar observation while measuring 

I the growth response of young pied rats to doses of 

f wheat germ added to a ‘filtrate -factor deficient 

: diet’, the rats becoming grey while still growing. 

it was assumed that this was due to the absence of 
‘ pantothenic acid in wheat germ, a material which 

’ nevertheless contained considerable amounts of the 

? other additional growth factor or factors. Pre- 

liminary tests based on this assumption have met 
I with some success, and in this paper is given an 

account of these and of the development of a bio- 
logical method suitable for estimation of panto- 
thenic acid, ill which the growth of young rats is 
the criterion adopted. , 


EXPERIMENTAL' 

The rats, ail males of the usual Lister pied strain, were 
weaned on to a basal diet deficient in all Bg vitamins for 
1-2 weeks before receiving the test doses. The basal diet 
was that employed at the Lister Institute, and, except for 
a few preliminary tests in which starch was given, the 
carbohydrate was present in the .form of sucrose. The 
composition was as follows: sucrose 60, casein 20, arachis 
oil 12, salts 5 and lard 3 parts. Vitamin as pure aneurhi 
hydrochloride was given daily, 15 gg. to each rat, and 
cod-liver oil to supply vitamins A and D. The diet was 
unsupplemented with any vitamins for a period of 
2 weeks in the hope that any variations due to reserve of 
stores of these vitamins in the young rat’s body might be 
lessened by this procedure. 

The rats, which usually weighed 40-55 g. at the be- 
ginning of the tests, were subsequently weighed three times 
a week. At the beginning of the test period they were put 
into separate cages of the usual pattern, distributed evenly 
by weight and litter among the various groups. They then 
received supplements of Bg vitamins other than panto- 
thenic acid in pure form. Two solutions of mixed vitamins 
were prepared. The first contained 30 /xg. aneiirin, 30 ^g. 
pure vitamin, Bg (pyridoxine) and 50 /xg. riboflavin in the 
dafly dose of 2 ml. The second was stored in a dropping 
bottle which delivered, in the daily dose of 2 drops, 1 mg. 
inositol, 1 mg. nicotinic acid and 3 mg. choline chloride. 
Although it is doubtful whether the rat requires inositol 
and nicotinic acid, their inclusion in the supplements 
seemed desirable. 

The basal sugar diet was put into heavy glass dishes and 
pressed down firmly to avoid scattering. If scattering took 
place, water was added, and any diet remaining uncon- 
sumed after 24 hr. was discarded. Fresh dry diet was given 
daily in weighed amount to supply a slight excess over the 
rat’s requirements. 

When wheat germ was given, the daily dose was weighed 
into a heavy glass dish, moistened with the drops of inositol, 
nicotinic acid and choline chloride; this mixture was usually 
.consumed readily before any basal diet was given. With 
the larger doses of wheat germ, extra water was needed. 
The doses of vitamin Bi, vitamin Bg and riboflavin were 
given in the same dish. The doses of pure pantothenic acid, 
given to the control series of rats, were from a solution 
containing 100 /xg./ml. of calcium-d-pantothenate. 

The rats were kept on the test doseafor 4 weeks, weighed 
three times a week, and any symptoms noted as they 
appeared. The absence of symptoms was also recorded 
when the test was finished. 

RESULTS' 

Experiments with whole-liver extract 

Since pantotbenic acid, is reported to be unstable to 
acid and alkaline hydrolysis it was expected that a 
source of the unidentified factors free from it might 
be obtained by subjecting liver extract to these 
treatments. 

Accordingly a whole -liver extract was adjusted 
to pH 0 by the addition of cone. H2SO4 and boiled 
on a sand bath for 10 hr. The resulting dark solution 
was neutralized with baryta, filtered under pressure, 
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Table L Groivth of rats receiving supplements of liver extract with or without added pantothenate 


Exp. Supplementary dose, daily , 

1 Whole liver extract — 6 g. fresh liver 

„ acid treated 

„ acid treated + 75 /lAg. pantothenate 

2 Whole liver extract = 6 g. fresh liver 

„ alkali treated 

„ alkali treated + 75/ig. pantothenate 

extracted twice with ether in an attempt to remove 
bitter-tasting products of hydrolysis and freed from 
ether by evacuation. The growth-promoting effect 
of this extract with and without pantothenic acid 
was compared with that of the untreated extract, 
but it was clear that the pantothenic acid had been 
only partially destroyed by the treatment, since 
addition of pantothenate to the treated extract 
gave but a small improvement in weight increase 
which,, was not statistically significant (Table 1, 
Exp. 1). 

Alkaline hydrolysis was carried out in solution 
raised to pH 11-5 by addition of baryta. The first 
attempts produced a dark-coloured product with 
bitter taste, which was badly taken by the rats and, 
caused diarrhoea. Finally, a palatable and inno- 
cuous product was obtained after hydrolysis for 
5 hr. at this pH. The growth on the dose given was, 
however, sufficiently near to that on the original 
liver extract to indicate that little destruction of 

Table 2. Growth of rats receiving supplements < 


Average weeldy weight increase (g.) 


No. of 
rata 

Week 1 

Week 2 

, Week 3 

For whole 
period 

6 

27-0 

■ 25*7 

24-0 

25-6 

8 

20-0 

17-8 

18*9 

18-9 

7 

220 

21'6 

. 21-2 

21-6 

3 

330 

24-0 

27‘9 

28-3 ■ 

4 

30-7 

22-5 

21-2 

24*8 

4 

33-0 

28*8 

28-2 

30-0 


pantothenic acid had occurred, and the increased 
growth produced by the addition of pantothenic 
acid was too small to form the basis of an assay, 
although statistically significant (see Exp. 2, 
Table 1). 

Experiments with wheat germ 

To find out whether wheat germ was deficient in 
pantothenic acid but contained the additional 
growth factors, 23 rats from six litters were divided 
into three groups and given daily doses, respec- 
tively, of 1 g. wheat germ, 1 g. wheat germ plus 
150 ^g. calcium -d-pantothenate, and 150 /zg. cal- 
cimn-d-pantothenate only. 

The results summarized in Table 2 show quite 
clearly that when 1 g. wheat germ daily was fed 
with 150 /xg. calcium-d-pantothenate, an amount 
known [cf. Unna, 1940] to be in excess of the rat’s 
requirements, the average weekly weight increase 
(27*1 g.) was greater than with pantothenic acid 

wheat germ with or without added pantothenate 


Average weekly weight increase (g.) 


f ' ' '' ' ^ 

No. of For whole 


Exp, 

Supplementary dose, daily 

rats 

Week 1 

Week 2 

Week 3 

Week 4 

period 

3 

1 g. wheat germ 

7 

22-6 

19*4 

15-6 

11-6 

17-3 


1 g. wheat germ + 150/zg. Ca-d-pantothenate 

8 

24*4 

26*0 

■ ' 27-6 

304 

27-1 


150p,g. Ca-d-pantothenate 

8 

22-1 

17-9 

17-3 


19-1 

4 

0*5 g. wheat germ 

7 

18-4 

14*4 

9-8 

11-8 

13-6 


0*5 g. wheat germ + 1 00 ^g. pantothenate 

8 

27-5 

27-4 

29-2 

37-2 , 

30-3 


1 g. wheat germ 

8 

22-1 

13-3 

12-9 

14-5 

15-7 


1 g. wheat germ + 100 /zg. pantothenate 

8 

27-4 

24-0 

26-6 

■25-2 

28*3 


2 g. wheat germ 

8 

23*8 

18-6 

20h 

24-0 

21-6 


2 g. wheat germ + 100 ^g. pantothenate 

8 

26-7 

25-9 

23-9 

26-3 

25*7 


Whole liver extract = 6 g. fresh liver 

5 

31-6 

23*8 

30-1 

— 

28*5 


Table 3. Growth of rats receiving supplements of pantothenate, liver extract and/or wheat germ 


Average weekly weight increase (g.) 


Exp. 

Supplementary dose, daily 

No. of 
rats 

t 

Week 1 

Week 2 

Week 3 

Week 4 

A 

For whole 
period 

5 (a) 

Liver extract = 12 g. fresh liver 

4 

34-0 

30-8 

39-6 

344 

34*7 

Liver extract = 6 g. fresh liver 1 g. wheat germ 

4 

32-5 

34-1 

36-0 

41-0 

35-9 


Liver extract = 6 g. fresh liver + 2 g. wheat germ 

3 

32-7 

30-3 

36-0 

38-6 

344. 

5(6) 

Liver extract — 6 g. liver 

8 

29-1 

284 

29-5 

26-5 

' 28-3 

Liver extract = 3 g. liver + 0*25 g. wheat germ 

8 

30-9 

25*1 

28-3 

32*1 , 

29-1. 


Liver extract = 3 g. liver + 0*5 g. wheat germ 

8 

284 

27’8' 

^ 284 

294 

28-5 .... 


AU rats received lOO/tg. Ga-d-pantothenate daily. 

•' . 
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alone (19*1 g.), thus affording evidence for the were used. If wheat germ and whole -liver extract 


presence in wheat germ of the additional unknown 
growth -promoting substances. Without pantothenic 
acid the growth -promoting effect was considerably 
reduced (average weekly weight increase 17*3 g.), 
demonstrating the deficiency of wheat germ in this 
substance (Exp. 3, Table 2). 

In order to determine how much wheat germ was 
needed to meet the rat’s daily requirements, doses 
of 0*5, 1 and 2 g. daily were chosen and tested with 
and without 100 /zg. pantothenic acid. Fifty -two 
rats from ten litters were used in this test, and a 
group of rats receiving whole-liver extract served 
as a positive control (Exp. 4, Table 2). These results 
showed that 0*5 g. wheat germ was as effective as 
1 or 2 g. in growth -promoting power when supple- 
mented with 100p,g. pantothenic acid, the average 
weekly weight increases being 30-3, 28*3 and 25-7 g. 
respectively. Increasing amounts of wheat germ 
fed without pantothenic acid gave increasing growth 
rates. This might be explained by the assumptions : 
(a) that 0*5 g. wheat germ contains more than the 
rat’s daily requirement of the additional factors, 
and/or (6) that wheat germ also contains a small 
amount of pantothenic acid. The maximum weekly 
weight increase in this series, 30-3 g. when 0-5 g. 


each contain all these additional factors and were 
given in adequate amounts, either should give 
maximum growth, and any mixtui'e of the two 
should be equivalent to a corresponding amount of 
either. This was tested when 2 g. wheat germ were 
compared with whole-liver extract equivalent to 
6 g, fresh liver, and also when 0*5 g, wheat germ 
was compared with liver extract equivalent to 3 g. 
fresh liver, calcium-d -pantothenate and other vita- 
mins being fed at optimum doses to all animals. 
The last tests were important, because, if differences 
existed between wheat germ and liver extract with 
regard to the relative proportions of the hypothe- 
tical additional factors, such differences would be 
more apparent at lower dosage levels. No evidence, 
however, was found for any qualitative differences 
or, within the limits of the test, for differences in 
the proportions of the additional factors. The results 
are given in Table 3. 

Effect of additions of different amounts of panto- 
thenic acid to 0‘5 g, wheat germ. A. daily dose of 
0*5 g. of wheat germ was chosen as suitable, and 
determinations were made of the effect on growth 
rate of additions of 0, 12*5, 25, 50, 100 and 200 /ig. 
daily of calcium -d -pantothenate. These results are 


wheat germ was supplemented with 100 /^g. panto- divided into three sections, since litters containing 
thenic acid, is comparable with that obtained, six male rats were not always obtainable for all the 
28*5 g., when whole-liver extract equivalent to 6 g. levels to be tested at once. 

of fresh liver was given. The pantothenate was made up in two solutions 

In order to determine whether wheat germ sup- containmg, in 1 ml., 25 and 50 ^g. calcium-d-panto- 
plies all the additional growth factors other than thenate, respectively, and a little chloroform was 
pantothenic acid, comparison was made between added. The requisite amounts were delivered into 
wheat germ and whole-liver extract, which is the the dose dish before it was placed in the cage, 
richest known source of these factors and was used The results in Table 4 show that 12*5-50 ^g. 
by Macrae, Todd, Lythgoe, Work, Hind & El Sadr pantothenate daily were subop timal doses, and that 
[1939]. For this test 34 male rats from 11 litters .! the optimal dose was probably between 50 and 

Table 4. Growth of rats receiving supplements of wheat germ with varying amounts of added pantothenate 


Average weekly weight increase (g.) 


Exp. 

Supplementary dose, daily 

No, of 
rats* 

Week 1 

Week 2 

Week 3 

Week 4 

For whole 
period 

6(a) 

0*5 g. wheat germ 

18 

16*1 

11*5 

9*3 

9*5 

11*6 

and 

0*5 g. wheat germ + 12'5/xg. Ca-d-pantothenate 

18 

19*8 

144 

12-9 

14*1 

15*3 

6(0) 

0*5 g. wheat germ -f- 25 /xg. Ga-d-pantothenate 

19 

20*2 

20-2 . 

18-7 

10*9 

17*5 


0*5 g. wheat germ + 100 ^g. Ca-d-pantothenate 

18 

27*8 

26-6 

27-2 

29-6 

27-8 


Liver extract = 6 g. fresh liver 

6 

26*5 

17-9 

18*7 

24*5 

26-9 

6(6) 

0*5 g. wheat germ 

14 

16*2 

104 

9*1 

9*1 

' 11*2 

and 

0*5 g. wheat germ -i-25/xg. Ca-d-pantothenate 

13 

24*0 

18*1 

15-9 

17-9 

19*1 

0(c) 

0-5 g. wheat germ +50 /xg. Ca-d-pantothenate 

14 

23*9 

23*3 

23*6 

23*2 ^ 

■'23*5 


0*5 g. wheat germ + 100 /xg. Oa-d-pantothenate 

14 

29*2 

'■24*2 

27*3 

29*3 

27*5 

6(c) 

0*5 g. wheat germ 

8 

15*6 

11-8 

9*5 

8*3 

11*3 


0*5 g. wheat germ + 12-5 /xg. Oa-d-pantothenate 

8 

20*0 

16-8 

13-6 

13*2 

15*9 


0*5 g. wheat germ + 25 /xg. Ca-d-pantothenate 

8 

22-9 

19*7 

16*2 

15-2 

18*5 


0-5 g. wheat germ + 50 /xg. Ca-d-pantothenate 

10 

22-7 

26*3 

■23*7 , 

23*3 

23-0 


0*5 g. wheat germ + 100 /xg. Ca-d-pantothenate 

8 

31*5 

25*5 

29*1 

28-3 

28*6' 


0*5 g. wheat germ +200 /xg. Ca-d-pantothenate ^ 

4 

26*3 

25-5 

22-3 

27*1 

25*3 


* The results given in Exp. 6 (c) for doses of 12-5, 25, 50 and 100/rg. Ca-d-pantothenate are included in the averages 
given for these doses in Exps. 6 {a) and 6 {h). 
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100/xg. Tliis figure is in accord with the figure of 
80/.ig. daily, given by Umia [1940] as the optimal 
daily dose ibr rats. The same result emerges from 
Fig. 1, in which a fairly smooth curve was obtained 
when the average weekly weight increases calcu- 
lated from the results of Exp. 6 (c), etc. in Table 4 


pantothenate (12-5gg. daily) was given, are possibly 
due to a greater strain caused by the increased 
growth stimulated; they tended to disappear -when 
the rats received 100 gg. daily of Ca-d-pantothenate. 

In addition, there was a tendency for the normal 
jet black patches of fur of all rats to turn a rusty 


•were plotted a£>:ainst doses of pantothenate. If the colour after they had received wheat germ, a change 

not observed when whole-liver extract was given. 


Logio daily dose Ca pantothenate 


Daily dose of pantothenate, fj^g. 

Fig. 1, Curve showing relation of average weekly rate of 
weight increase in young rats to the daily dose of Oa-d- 
pantothenate added to a, basal diet containing other 
B vitamins, 0-5 g. wheat germ being given daily to each rat. 

logarithms of the doses are iDlotted, the curve 
approximates to a straight line up to doses of 
about 100 gg. Where possible, rats from the same 
litter vrere used in the comparison of these doses, 
and in one series controls were included receiving 
a 6 g. equivalent of whole-liver extract (Exp. 6 (a)). 
Since litters containing six or more male rats oc- 
curred infrequently, comparison of the effects of 
the addition of 0, 12*5, 25 and 100 /xg. in Exp. 6 (a), 
and of 0, 25, 50 and 100p,g. pantothenate in 
Exp. 6 (6) were made with litters containing four 
male rats only. 

Occurrence of symptoms of deficiency 
of pantothenic acid 

The symptoms noted when insufficient doses of 
pantothenic acid were given were greying of the 
naturally pigmented portions of the fur and also a 
generalized soiling and staining of the fur with an 
orange yellow substance, mainly in the hind ventral 
regions. The former is considered characteristic of 
pantothenic acid deficiency, the latter, which is due 
to a porph 5 ?Tin body, has been noted in deficiency 
of riboflavin as well as in that of the filtrate factor 
of the vitamin Bg complex [Chick, Macrae & 
Worden, 1940]. The above symptoms, which ap- 
peared to be aggravated when a small dose of 


DISCUSSION 

The use of rats for the estimation of pantothenic 
acid in natural materials has advantages over the 
microbiological method, since for the latter the 
complete extraction of the pantothenic acid is 
needed in a form in which it can be utilized by 
bacteria. The presence of ‘bound’ forms of panto- 
thenic acid has been suggested by the work of 
Pennington, Snell & Williams [1940], of Waisman, 
Henderson, Mclntire & Elvehjem [1942] and of 
Strong, Feeney & Earle [1941]. If it may foe as- 
sumed that the rat can absorb pantothenic acid 
from all those forms of combination from which it 
is available to other anhnals, estimation by the 
method here described is particularly suitable for 
avoiding this difficulty. 

The successful development of the method on 
the assumption that wheat germ supplies ample 
amounts of the ‘additional factors’ is to be taken 
as further proof of their existence, and the magni- 
tude of the increase in growth rate ascribable to 
them suggests that they play a major part in the 
nutrition of the rat. 

SUMMARY 

1. Wheat germ has been found to contain ade- 
quate amounts of the one or more unidentified 
factors required by the rat, and is comparatively 
deficient in pantothenic acid. 

2. These facts have been made the basis of a 
method for the estimation of pantothenic acid by 
the growth of young rats. 

3. Addition of pantothenic acid to a basal syn- 
thetic diet supplemented by vitamin (aneurin), 
vitamin Bg (pyridoxine), riboflavin, inositol, clioline, 
nicotinic acid, cod-liver oil and wheat germ was 
followed by an increase in the growth rate propor- 
tional to the logarithm of the amount fed. 

4. The optimum daily dose of calcium-d-panto- 
thenate for a young rat (40-150 g. weight) appears 
to lie between 50 and lOOgg. 

In conclusion we acknowledge the personal grant to one- 
of us (J. S. D. B.) from the Medical Research Council, and 
gifts to the Dhnsion of Nutrition of calcium-d^-pantothenate 
from Messrs G. Merck, Rahway, N.J., of pure vitamin B^ 
and riboflavin from Roche Products Ltd. and of liver ex- 
tract from Glaxo Laboratories Ltd. We also wish to thank 
Dr H. Chick for helpful advice and Miss Ruby Leader for 
assistance in the care of the experimental animals. 
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Appendix: Statistical Analysis 

By J. 0. IRWIN and G. N. JENKINS 


By analysis of variance, the differences from litter to litter 
of the animals in Exp. 6 (c) were tested and found not to 
be significant. Hence it is justifiable to estimate the 
standard errors of mean responses or of slope from the 
variance in growth of animals (not littermates) on the 
same dose. 



b 

ah 

Ratio 

Average increase in response (i.e. 
body- weight increase/week) 

when dose is doubled 

4-26 

M2 

3-80 

Average increase in response 
when dose is increased tenfold 

14-16 

3-70 

3-80 

The standard error is based on 

28 degrees of freedom 


and the slopes are therefore highly significant. The curve 
relating the logarithm of the dose to the response shown 
by rate of weight increase shows no significant departure 
from linearity. 

Ignoring the addition to the error of any estimation due 
to the error of the estimate of slope, which may, of course, 
be considerable, the limits of error for one estimation with 


ten rats on the standard and ten on the test substance 
would be: 

^=:0-99 64 to 157% 

p=0-95 55 to 181% 

This basis is comparable with that used in the British 
Pharmacopoeia Commission Report on the Accuracy of 
Biological Assays [1936]* and the accuracy found with 
that usually obtained in biological assays. 

For Exps, 6 {a) and 6 (5) the results are as follows : 


Exp. 

Slope b 

ah 

Ratio 

Limits of error 
(p=0-99) for 10 
rats on each dose 

6(a) 

4-30 

0-76 

5-7 

61 to 164% 

6(6) 

4-19 

1-02 

4-1 

64 to 157% 


The errors in the result are increased if the period of 
dosing is reduced from 3 to 4 weeks, although the results 
are still significant. 

* Gen, Med. Coun. Brit. Pharm. Com. Report, p. 10 [1936]. 
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Intermediate Stages in the Metabolic Conversion of Benzpyrene 
to 8-Hydroxy-benzpyrene in Mice 


By F. WEIGERT and J, C. MOTTRAM, Physico-Chemical Department of the 
Mount Vernon Hospital, Northwood, Middlesex 


{Received 5 June 1943) 


Chalmers <fe Crowfoot [1941] showed that after ad- 
ministration of benzpyrene to rats and mice a small 
amonnt of monohydroxybenzpyrene could be iso- 
lated from the faeces. Berenblxmi, Crowfoot, 
Holiday & Schoental [1943] identified this as 
8-hydroxy-3:4-benzpyrene, and established the pre- 
sence of 3:4-benzpyrene-5:8-quinone in the faedes. 
Intermediate metabolites, ‘BPX’ and ‘BPF’ could 
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be demonstrated by a blue fluorescence of the bile 
[Peacock, 1936, 1940] and a blue-green fluorescence 
of the faeces [Chalmers, 1938] respectively, both 
distinguishable from the violet fluorescence of the 
parent hydrocarbon in organic solvents. Doniach, 
Mottram & Weigert [1943 a, 6] found that the blue 
‘BPX’ fluorescence changed to the blue-green 
‘BPF’ fluorescence after the contents of the small 
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iiitestme had passed through the iieo-caecal valve. 
Furthermore, evideiiice was given that . a blue 
fluorescence with a spectrum similar to that of 
‘BPX’ appeared in the kidney cortex, liver and 
lung of mice after intravenous inoculation of, or 
feeding with, benzpyrene, and in the skin after 
painting with it. The benzp;^nene compounds to 
which the specific fluorescence was due (called 
collectively ‘tissue -BP -blue’) were produced locally 
in the specific organs and in the painted area of the 
skin. A blue -green fluorescence with a spectrum 
similar to that of ‘BPF ’ was sometimes seen in the 
lungs of rabbits. 

The typical fluorescence spectrum of ‘bile -BPX’ 
and ‘ tissue -BP -blue ’ with maxima near 450 and 
425 m/x, and that of ‘BPF’ with maxima near 465 
and 440 m^, were seen on examination of the 
original tissues and of their unpurified extracts in 
ultra-violet light. It has now been possible, after 
a simplified chromatographic purification of the 
fluorescent compounds in these extracts, to study 
in greater detail the course of benzpyrene meta- . 
bpiism. 

EXPERIMENTAL 

Mice which had been inoculated in the tail rein with 1 ml. 
of a coarse suspension of 0*05 % benzpyrene in saline were 
killed after 3-7 hr., and the gall-bladder and digestive 
tract removed. The small intestine, which fluoresced blue, 
and the large intestine (caecum + colon + faeces), which 
fluoresced blue -green, were rinsed superficially with distilled 
H2O, minced, and each shaken mechanically with about 
3 mi. of acetone. The bile from the opened gall-bladder 
was shaken in a small tube with 1 ml. of acetone. These 
operations were carried out as quickly as possible after 
death. The solids were centrifuged down and the acetone 
extracts transferred to benzene by adding to the clear 
acetone solutions about 3 ml. of benzene, and washing 
two or three times in a tubular separating funnel with 
N/lOO H2SO4. The benzene solutions were then separated 
and diied over anhydrous Na2S04 . 

The dried benzene solutions were poured on to columns 
of alumina 7-10 mm. in diam. and 3-4 cm. long, and the 
chromatograms developed under gravity with benzene for 
about 1 hr. The progress of adsorption and the behaviour 
of the fluorescent zones on development could easily be 
followed in the ultra-violet light of a G.E.C. Osira lamp 
with a Wood glass bulb. The fluorescent zones and rings 
on the AI2O3 were spectrographed separately with the 
illuminating device described by Boniach et al. [1943 a], 
which was particularly well suited for making ‘optical 
sections’ at anyplace on the column. The various portions 
were then cut and eluted with absolute ethanol. 

RESULTS 

Bile and small intestine. A bluish violet-fluor- 
escent adsorbate with a banded fluorescence spec- 
trum was strongly fixed at the top of the column, 
and did • not move down on development. Its 
ethanol eluate fluoresced blue, with essentially the 
same spectrum as the adsorbate. From the spectro- 


grams graphs were recorded, using Goldberg’s [1910] 
densograph, which served as a primitive micro - 
photometer [Weigert & Mottram, 1940]. The graphs 
(Fig. 1) for the adsorbates (a) and the ethanol 
eluates (b) are almost identical except for a slight 
displacement towards longer wave-lengths for the 
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Figs. 1, 2. Photometric records of fluorescence spectro- 
grams of mouse tissue extracts after chromatography. 
Abscissae: wave-length in mg, (prismatic spectrum). 
Ordinates: density (arbitrary scale). 

Fig. 1. Bile, {a) Blue -fluorescent adsorbate. (6) Blue- 
fluorescent eluate in ethanol. 

Fig. 2. Large intestine, (a) Green-fluorescent adsorbate. 
(6) Blue-fluorescent eluate in ethanol. 

adsorbate. The photometric record for the adsor- 
bate (a) shows two maxima, at 422 and 443 m/I^ and 
an inflexion at about 472 m/x, which appears as a 
weak secondary band in the spectrum itself. The 
corresponding wave-lengths for the ethanol eluate 
(h) are 417, 438 and 470 mp respectively. 

Large intest ine. A bright green -fluorescent ring 
moved slowly down ; its spectrum showed one broad 
maximum at about 460 m/x, but no bands (Fig. 2 a). 
The ethanol eluate fluoresced whitish blue with a 
banded spectrum. The photometric record (Fig. 26) 
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I shows two maxima, at 425 and 449 m^, but no in- 

flexion. Sometimes a faint blue -fluorescent adsor- 
( bate remained fixed at the sm’face. 

Influence of storage of material before extraction. 
When the extraction was not carried out imme- 
diately after killing the mouse, a green-fluorescent 
j chromatographic zone also appeared with extracts 

1 from bile and small intestine. Therefore, in another 

I set of experiments, the diluted bile and the minced 

small and large intestines were each divided into 
r two portions immediately after death, one of which 

was stored in ice for 3 days, while the other was 
extracted at once. The benzene extracts of the 
I latter were kept over anhydrous Na 2 S 04 for 3 days 

i until the others were ready, when they were all 

. chromatographed together side by side in pairs. 
With the material stored before extraction, the blue 
fluorescence at the surface was greatly reduced in 
i the case of the bile and small intestine, while a new 

i green zone appeared and moved slowly dowm on 

' development. This zone showed, both as adsorbate 

I and as eluate, the spectrographic properties de- 

i scribed above for the large intestine. In the case of 

I the large intestine the phenomena were unaltered 

I by postponement of the extraction. The change 

from the blue- to the green -fluorescing adsorbate 
with bile and small intestine was greatly accelerated 
' when the specimens were stored at room tempera- 

ture, or at 37°, before extraction, 
j Whenever a particularly bright green -fluorescent 

I zone appeared, a red -fluorescing diffuse zone could 

be seen under it on the column; it moved down 
more quickly than the green zone, and could be 
eluted with chloroform. Neither the red adsorbate 
1 nor its eluate in chloroform showed a banded 

fluorescence spectrum. 

! The effect of preservation of the intestines by 

I formaldehyde was also investigated. The digestive 

S tracts were kept for periods up to 2 months in 

I formol -saline (containing 4% H.CHO) at room 

» temperature. Acetone extracts of the minced small 

intestines which had been transferred to benzene 
gave only the blue fluorescence at the top of the 
chromatographic column, while those of the large 
intestine gave the green-fluorescent zone which 
, moved down slowly on development. 

^ Properties of the different fluorescent substances, 

! The solubility of the blue -fluorescent adsorbate in 

ethanol seemed to be distinctly lower than that of 
the green -fluorescent adsorbate. This was in agree- 
' ment with the observed fact that the green zone 

moved slowly down on development with benzene, 
while the blue -fluox'escent substance stayed at the 
top. In N / 100 NaOH the blue -fluorescent adsorbate 
on the AlgOg dissolved to give a solution with a 
banded blue fluorescence spectrum, while the alkali 
solution of the green adsorbate fluoresced green 
with a single broad maximum. 


When the separated blue -fluorescent AlgjOg 
zone was dried and heated in an evacuated tube 
to 100-200°, the fluorescence changed from blue 
through white to yellow-green, and the fluorescence 
spectrum (which in the case of the original adsor- 
bate was banded) changed to a spectruni with one 
broad maximum. An ethanol extract after this 
transformation fluoresced whitish blue and had the 
same banded spectrum as the eluate of the green 
zone. When the ethanol extract was transferred to 
benzene and again poured on to a column of 
AlgOg, a single green-fluorescent ring appeared 
and moved slowly down on development. 

The ethanol eluate of the blue -fluorescent ad^ 
sorbate from the small intestine of a single mouse 
contained a quantity of material sufficient to. record 
some absorption bands. With the eluate in a quartz 
tube, 4 cm. long and 4 mm. diam., naiTOw 
bands appeared at 366-372, 377-382, 386-393 and 
405-412 m/L6. The small intestine of another mouse 
. was kept for 1 day at 37° before extraction with 
acetone, when the blue -fluorescent derivative was 
completely transformed into the derivative which 
gave a green -fluorescent adsorbate on almnina. Its 
eluate in ethanol in a tube 1 cm. long and 4 mm. 
diam. showed quite different and wider bands at 
358-364, 375-384, 392-407 and 415-433 m/^, with 
maxima at 362, 381, 400 and 422 mp respectively. 

The minced kidneys, livers and lungs of benz- 
pyrene-treated mice were extracted with acetone 
immediately after killing, and the extracts trans- 
ferred to benzene and chromatographed. The excess 
of dissolved unchanged benzpyrene, which was par- 
ticularly great in the lung, was first washed out 
with benzene, after wliich development was con- 
tinued for about 1 hr. Bright blue-fluorescent 
adsorbates remained on the column in the case of 
liver and kidney, and traces in the case of lung. 
The fluorescence spectra of these adsorbates and of 
their eluates were exactly the same as in the case 
of bile and small intestine. However, in contrast 
to them, the blue -fluorescent zones were not sharp 
but extended diffusely (about 1 cm. with kidney and 
about 2 cm. with liver) into the column. The lungs of 
three mice yielded a green-fluorescent adsorbate, 
which behaved like that from the large intestine. 

Postponement of the extraction of kidney and 
liver had an effect on the chromatographic pheno- 
mena similar to that observed with bile and with 
small intestine. For instance, when the organs had 
been left for 1 day at 37° in saline, a narrow green 
ring moved slowly through the diffuse blue zone 
down the column. The rate of this movement was, 
in the case of liver, about twice that for kidney, 
but the fluorescence spectra of these green rings as 
adsorbates and as eluates in ethanol were the same 
as with the large intestine. The green zones did not 
appear if the organs were stored in foimol -saline. 
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DISCUSSION 

Two different kinds of fluorescence phenomena can 
be distinguished by chromatography in extracts of 
various tissues and of the bile of mice after their 
treatment with benzpyrene. The prototypes are, on 
the one hand the bile, where Peacock [1936] dis- 
covered the blue -fluorescent ‘BPX’, and on the 
other hand the large intestine and faeces, where 
Chalmers [1938] established the presence of the 
blue -green-fluorescent ‘BPF’. Since it is obvious 
that the fluorescent zones on the AI2O3 contain 
the bulk of the fluorescent compounds in bile and 
faeces, it is suggested that the term [BPX] should 
be used for the type of the compound from bile 
which gives after chromatography a handed blue 
fluorescence spectrum as adsorbate and the same 
banded spectrum as eluate (Fig. \ a, h) and the 
term [BPF] should be used for the type of the 
compound from the large intestine and faeces which 
gives after chromatography a non-handed green 
fluorescence spectrum as adsorbate and a handed 
whitish blue spectrum as eluate (Fig. 2 a, 6). 

The approximate fluorescence maxima of the four 
compounds before chromatography (inverted com- 
mas) and after chromatography (square brackets) 
may be summarized as follows : 

Before After 

‘BPXb 425, 460ing [BPX]: 417, 438, 470ing 

‘ BPF ’ ; 440, 465lm/x [BPF] : 425, 449 mg.- 

[BPX} is more strongly adsorbed on AlgOg and 
less soluble than [BPF]. They are chemically to be 
distinguished from each other, because their fluor- 
escence spectra, their absorption spectra and their 
chromatographic behaviour are different. 

The natm’e of [BPX] and of [BPF] has not yet 
been ascertained because our adsorbates contained 
only minute amounts. However, the fluorescence 
and absorption spectra of [BPX] and [BPF] and 
their chromatographic behaviour lead to some 
tentative conclusions : 

{a) [BPF] is closely related to 8-hydroxybenz- 
pyrene prepared by Berenblum & Schoental [1943] 
from faecal extracts which had been concentrated 
by chromatography followed by sublimation in 
va(Suo. These authors were in fact working with 
[BPF]. 

(6) Slight differences in the rate at which the 
green zone moved down the cliromatographic 
column were seen when [BPF] was prepared from 
different sources. Hence, [BPF] probably com- 
prises a group of complexes which can contain 
various cell constituents in combination with 
8 -hydroxy benzpyrene . 

(c) This combination must be a loose one, be- 
cause the absorption maxima of the eluate of 
[BPF] in ethanol (362, 381, 400 and 422 m//,) corre- 


spond closely with the absorption maxima (362, 
380, 401 and 424 m/x) read from the graph of the 
absorption spectrum of pure 8-hydroxybenzpyrene 
in ethanol published by Berenblum, Crowfoot, 
Holiday & Schoental [1943]. 

(d) The marked difference between the fluor- 
escence spectra of the adsorbate of [BPF] on 
AlgOg and of its eluate in ethanol shows that its 
hydroxybenzpyrene component is directly affected 
by the adsorption. 

(e) [BPX] too must be considered as a group 
of complexes, made up of benzpyrene or a deriva- 
tive and various cell constituents as carrier mole- 
cules. This follows from the different chromato- 
graphic behaviour of [BPX] from various sources. 

(/) The fact that the same banded fluorescence 
spectrmn is shown by all the members of the [BPX] 
family, as adsorbates and as eluates, indicates that 
the benzpyrene ‘nucleus’ is the same in all cases 
and is not affected by the adsorption. Hence the 
strong adsorption to the top of the column is due 
to the adsorbing properties of the carrier mole- 
cules.* 

(g) The absorption bands of the ethanol eluate 
from [BPX] at 366-372, 377-382, 386-393 and 
405-412 m/t coincide neither with those of 8-hy- 
droxybenzpyrene nor with those of any other 
known benzpyrene derivative. Therefore, nothing 
definite can be said at present about the chemical 
nature of the benzpyrene derivative in the complex. 
However, the observed easy transformation of 
‘BPX ’ into ‘BPF ’ in the living mouse after passage 
through the ileo-caecal valve or post mortem by 
autolysis, and of [BPX] into [BPF] in vitro by heat, 
shows that ‘BPX’ and [BPX] are chemical pre- 
cursors of ‘BPF’ and [BPF] respectively. 

The limits of the stability of [BPX] have not yet 
been established : it is stable in tissues in the form 
of ‘BPX’ over long periods of time in the presence 
of formalin, and visible and near ultra-violet light 
do not alter [BPX] to a perceptible degree, either 
as adsorbate or as eluate. 

The experiments here described, in conjunction 
with those of Doniach, Mottram & Weigert [1943 
a, 6], provide evidence for a tentative chart (shown 
on p. 501) of the various stages in the metabolic 
and chemical change from benzpyrene to 8-hydroxy- 
benzpyrene. 

, The red-fluorescent derivative which appears on 
the alumina column when [BPF] is produced via 
(2) or (3) and (4) has chromatographic properties 
similar to those of the benzpyrene- 5:8 -quinone dis- 
covered by Berenblum & Schoental [1943] in the 
faeces, i.e. it moves down more quickly than [BPS’] 

* We owe the suggestion of the possible existence of a 
complex of a benzpjnene derivative with another strongly 
adsorbing substance to a personal communication from 
Dr Berenblum. 
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and can be eluted with chloroform. However, its 
red fluorescence is not in agreement with the pro- 
perties of benzpyrene-5: 8 -quinone, according to 
Berenblum & Schoental. 

(1) (2), (3) 

Benzpyrene — ‘BPX’ > BBF 

(4) I (4) 1 

I (5) I (6) 

[BPX] ^ [BPP] 8-OH-benz- 

pyrene 

(1) In vivo, local production in the skin, kidney, lung 

and liver (excreted with the bile). _ . 

(2) In vivo in the large intestine and occasionally in the 
lung of rabbits and mice. 

(3) In vitro by post-mortem autolysis. 

(4) In vitro by adsorption on to alumina. 

(5) In vitro at elevated temperature in vacuo. 

(6) In vitro by sublimation in vacuo. 

Of the various steps in the transformation of 
benzpyrene into 8-hydroxybenzpyrene outlined 
above, step (1) is the only one concerned in the 
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problem of benzpyrene carcinogenesis, because it 
alone occurs in the living cell. The later steps which 
eventually lead to hydroxybenzpyrene are merely 
concerned with the removal of the hydrocarbon 
from the body. 

SUMMARY 

It has been shown by fluorescence chromatography 
of quite fresh extracts from organs of mice which 
had been treated with benzpyrene that the hydro- 
carbon is not metabolized directly to 8-hydroxy- 
benzpyrene but that the transformation passes 
through three intermediate stages which have been 
studied separately. The suggested relationship of 
these stages has been discussed. 
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Effect of Vitamin B on the Growth of Fibroblasts 

By EDITH PATERSON and MARY V. THOMPSON, Southport Researoh Laboratories, 

The Christie Hospital and Holt Radium Institute, Manchester 

^ (Received 17 June 1943) 


Components of the vitamin B complex have long 
been considered of importance in growth. In par- 
ticular vitamin Bi has been assayed by animal 
growth methods. The experiments described were 
designed to test whether such a growth-promoting 
effect could be demonstrated directly on cells in 
vitro. In essence the problem was approached in 
two ways: first, by depriving fibroblasts of com- 
ponents of the vitamin B complex by growing 
them in media obtained from pigeons suffering 
from acute beriberi; secondly, by adding to such 
deficient media appropriate amounts of vitamin B 
(yeast extract) and vitamin B^ (aneurin). 


METHODS 

Culture material. Tissue cultures of fibroblasts were ob- 
tained from the choroidal and sclerotic layers of the eyes 
of 9-day chick embryos, and culture by the hanging drop 
technique was carried out for at least ten passages prior 
to each experiment. This length of cultivation has been 
found to produce a uniform outgrowth of fibroblasts, and 
any initial supply of growth-promoting substance present 
in the tissue has been largely exhausted [Carrel & Ebeling, 
1921]. Cultures which showed excellent outgrowth were 
then graded for an experiment. The areas of the explants 
were measured, and the cultures divided into sets in such 
a way that the expiants in any two or more sets to be 
compared were approximately equal in area. The selection 
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of sets to be used for each treatment was made at random. 
The preparations were then mounted for the actual experi- 
ment by the double coverslip method of Maximow. Care 
was taken that the volume of plasma and extract used 
WTis constant and equal, that the cavity of the hollow 
ground slide was of the same size for all cultures, and that 
the size of the spread drop was the same in all cases. This 
last was effected by placing under each coverslip a standard 
circle drawn on paper, and spreading the drop to that size 
for each preparation. 

Culture medium. The medium consisted of equal parts of 
the tissue extract to be tested and plasma obtained from 
pigeons suffering from acute beriberi {‘beriberi plasma’). 
This plasma was used in all the experiments both for the 
experimental and for the control groups of cultures. In 
gny one experiment the plasma for both experimental and 
control cultures was obtained from the same pigeon. Since 
the plasma was constant and the technique the same for 
all cultures of any experiment, the only varying factors 
which might influence growth were the tissue extracts or 
the vitamin preparations which were added. 

Brain extracts (‘beriberi brain extract’) for the experi- 
mental cultures were obtained from pigeons with the 
classical symptoms of acute beriberi as described by 
Peters [1936]. These symptoms included opisthotonus in 
all cases except one which showed emprosthotonus (Exp. 5, 
pigeon used for refeeding cultures at 48 hr.). Defective 
vision not amounting to blindness was present; this 
symptom was not ascertained in the case of two birds 
which had typical convulsions. Weight loss averaged about 
30% of the original weight of the bird. In the pigeons used 
the time taken to yDroduce these effects was 24-29 days. 
The methods used to produce beriberi were those recom- 
mended by Kinnersley, Peters & Eeader [1928]. The brain 
was removed as soon as possible after decapitation, and 
extracts were made immediately. Extracts for the control 
cultures were similarly prepared from the brains of normal 
pigeons (normal brain extract). In experiments requiring 
extracts of normal embryos, these were prepared by 
mincing fowl chicks of 8-9 days’ incubation. 

It was found by W. Dale and one of us that the water 
content of adult avian brain tissue was less than that of 
avian embryo, the latter containing 2-03 times the water 
of the former. To standardize our extracts, therefore, 
2-03 cc. of Ringer-Compton-Pannett solution were added 
to each gram of freshly prepared brain pulp. After standing 
for 30 min., the diluted brain pulp or the undiluted embryo 
pulp was centrifuged at 1500 r.p.m. for 10 min. The super- 
natant fluid was regarded as 100% extract and further 
dilutions were made on this basis. Extracts of normal 
brain have been used successfully in this laboratory for 
some years, and have been found to provide a rich source 
of growth-promoting substances. 

In Exp. 1, for convenience, dried extracts of brain were 
used throughout. An apparatus similar to that described 
by Elosdorf & Mudd [1935] was employed. Such dried 
extracts can he diluted to any required strength and are 
satisfactory and convenient. 

Vitaynin sources. The vitamin used throughout was 
synthetic (aneurin chloride hydrochloride) and was sup- 
plied by Prof. A. R. Todd. The concentration used was 
that 0^04 mg. was present in IW ml. of the medium 
in which the cultures were grown. This calculation vwas 
based on the curative dose of aneurin for a pigeon weighing 
300 g. If this amount is regarded as being 3/zg./day, or 
6p,g. in 2 days, then the amount in the cultxire medium 


(changed every 48 hr.) was five times the curative concen- 
tration for a pigeon. 

For vitamin B an extract of brewer’s yeast was used. 
This bad been prepared for experimental purposes by Glaxo 
Laboratories Ltd. It was at first thought to include all the 
members of the B complex of vitamins found in brewer’s 
yeast and to contain 133 pg./g* of vitamin (as aneurin 
chloride bydrocliloride) and 154^iJ,g./g. riboflavin (as 
hydrociiloride). It was later learned that most of the 
biotin of this preparation had remained in the residue, and 
that the vitamin B^ content was unstable, and probably 
negligible at the time of the experiment. The amount of 
the extract used was based on the stated content of aneurin, 
and was calculated as given above for vitamin B^. Neither 
the aneurm nor the yeast extract was sterilized. Both 
were weighed with aseptic precautions and were dissolved 
in the sterile distilled water used in making the Ringer 
solution with which the tissue extract was diluted. 

The measurement of outgrawth. Experimental and control 
groups of cultures were incubated at 39°. After 48 hr. the 
outline of each explant and its outgrowth was di’awn by 
projection. The cultures were then washed with the Ringer 
solution and fed with fresh extracts in the same dilution 
as was used in the first instance. After incubation for a 
further 48 hr., the new outlines were drawn. The areas 
obtained were measured with a planimeter, and the relative 
increase in size was calculated after the method described 
by Ebeiing [1921]. The difference in the mean relative 
increase in two groups of cultures differently treated was 
examined for significance using the ‘f’test and extensions 
of this test. 

RESULTS 

The influence of beriberi brain extracts on the 
growth of fibroblasts in vitro 

( 1 ) The influence of the concentration of the extract* 
The first experiment designed to find whether, 


Time in hr. 

Fig. 1. Comparison of growth when two concentrations of 
beriberi bram extract were used. Concentration of ex- 
tract in A was ten times that of B. 

when vitamin B was deficient, growth-promoting 
factors were still present in tissue extracts. It was 
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argued that if growth-promoting factors were pre- 
sent in beriberi brain extracts, their influence would 
depend on their concentration, as occurs with 
embryo extract ; if growth -promoting factors were 
absent then no difference in growth would occur 
when two concentrations were compared. To one 
|r group was added 200 %, to the other 20% extract 

produced from dried extract. Measurements were 
i made every 48 hr. Re-feeding at those times was 

carried out, using freshly dried material in the same 
dilutions as were used initially. A total of 39 cul- 
i tures was used. 

; The group fed with 200 % beriberi brain extract 

i grew much better than that fed with 20%. The 

average relative increases are shown quantitatively 
in Fig. 1. The difference in the relative increase was 
j found to be highly significant. (i5 = 3*57 at 48 hr.; 

1 ^ = 4*41 at 96 hr. ; degrees of freedom (d.f.) = 37.) 

f This experiment showed that extracts from brains 

j of pigeons suffering from beriberi were still growth- 

I promoting to fibroblasts, and that the stimulation 

! of growth increased with the concentration of such 

extracts. 

? (2) A comparison of the growth obtained with 

j normal and beriberi brain extracts. Having found 

I that extracts from pigeons suffering from acute 

I beriberi retained growth -promoting properties, we 

compared the activity of such extracts with that 
of extracts of normal tissue. The experimental cul- 
I tmns were fed with 10 % fresh beriberi brain extract ; 

for the controls 10% fresh normal brain extract 
t was used. In Exp. 2 there was a total of 35 cultures, 

I and in Exp. 3 a total of 56 cultures. In both ex- 

f periments the growth ofithe cultures fed with beri- 

I beri brain extract was less than that in the groups 

i fed with normal brain extract, values of i5=l-78 

’ (Exp. 2; d.f. = 33) and ^ = 1*5 (Exp. 3 ; d.f. = 54) were 

’ obtained. The difference for each experiment taken 

i singly was insignificant, since on the 5 % level of 

! significance, ^ = 2*03 for d.f. 33 and ^ = 2*00 for 

' d.f. 54. A formula for extending the test for 

multiple samples was used to combine the figures 

i for the two experiments. This test showed the 

difference in growth to be above the 5% level of 
|; ‘ . significance. 

J In three further experiments the same com- 

parison was made (Exps. 4r-6), the results all 
tending to show that beriberi brain extract was 
less growth-promoting than normal brain extract. 
In Exps. 5 and 6 this difference was significant-— 

' H" for Exp. 5 at 48 hr. being 5*15; at 96 hr. = 5-65 

(d.f. = 70), and for Exp. 6 at 48 hr. being 2-87; 
at 96 hr.= 3-7 (d.f. = 83). In Exp. 4 the difference 
was less. This may have depended on a wartime 
dietary deficiency in the food of the control pigeons, 
a defect that was remedied in the two subsequent 
experiments. The results indicate that extracts 
from the brains of pigeons suffering from beriberi 


are significantly less growth-promoting than are 
extracts from normal brains. The differences in 
relative increase of “growth are illustrated in Figs. 
2 and 3 based on the data of Exps. 5 and 6 . 

(3) The influence of the addition of yeast or of 
aneurin to beriberi brain extracts. In both experi- 
ments, three groups of cultures were used. Each 
experiment had control cultures fed on 5 % normal 
brain extract, cultures fed on 5% beriberi brain 
extract, and cultures fed on 5% beriberi brain 
extract to which yeast extract was added in the 
concentrations mentioned previously. In Exp. 4 
a total of 78 cultures was used, in Exp. 5, 108 
cultures. 

A comparison of the growth of ciiltm’es fed on 
beriberi extract with those fed on beriberi extract 
with added yeast extract, showed an increased 
growth in the latter in both experiments. The 
^fference in growth was significant at 96 hr. for 
each experiment taken separately. In Exp. 4 the 
value of t was 2*35 (‘^’ for significance at 5 % 
level = 2-00; d.f. = 54). In Exp. 5, ^=2*04 for 
significance at 5% level =T 99; d.f. = 70). It can 
therefore be stated that some component of the 
B complex of vitamins is growth -promoting m vitro. 
It is unlikely to be biotin, which was lacking in the 
extract used. The growth curves of Exp. 5 are 
shown in Fig. 2. 



Fig. 2. Comparison of growth when yeast extract was added, 
to media deficient in vitamin B complex. A = normal 
brain extract. B = beriberi brain extract. C= beriberi 
brain extract to which yeast extract w^as added. 

In the next experiment aneurin chloride hydro- ] 

chloride wa.s added in the concentrations described | 

earlier, instead of the yeast extract. A total of 5 

129 cultures was used, divided into three groups. I 

Group A was fed with a 5 % normal brain extract, ^ 

group B with a 5% beriberi brain extract and j 

group C with a 5 % beriberi brain extract to which I 

aneurin was added. Mean results showed no signi- ^ 

ficant difference between the growth of cultures fed 
with beriberi extracts (15-72) and that obtained 
with beriberi extracts to which aneurin was added 
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(14-84). The growth obtained with normal brain 
extract was .significantly greater than that in either 

of 'tlie experimental groups. 

The values of at the two periods of observa- 
tion in comparisons of the three groups are given 
in Table 1. 


Table 1. Values of 'V obtained when the growth data 
for groups A, B and G (Exp. 6) are compared in 


pairs 


Comparison 

A compared with B 
A compared with G 
B compared with C 


Value of ‘ ^ ’ Value oiH' 
at 48 hr. at 96 hr. 
(Value of for significance 
at 5% level = 1-98) 

2-87d.f.=84 3-7 

2-6 d.f.=84 4-34 

0-36d.f.=87 0*607 


The relative increase in outgrowth of the three 
groups is shown in Fig. 3. 



tion, aneurin was added to one group in the same 
concentration as before. 

In this experiment the growth obtained was 
almost equal in the two groups. The relative in- 
crease for the group without added vitamin was 
4*86, that for the group with added vitamin was 
4*49. The difference was insignificant since = 0 * 41 . 
At 5 % levels, t = 2-008 for d.f. = 53. 



Fig. 4. Comparison of growth when additional vitamin B^ 
was added to 10% extract of normal chick embryos. 
A = normal embryo extract. normal embryo extract 

to which vitamin B^ was added. 

The graphs of the relative increases of growth 
{Fig. 4) compared with those in Fig. 3 showed that 
the types of growth curve obtained are similar in 
form whether aneurin is added to a normal medium, 
or to a medium obtained from beriberi birds. 
Within the technical limits of the experiment the 
members of each pair of curves can be regarded as 
identical. 

DISCUSSION 


Fig. 3. Comparison of growth when additional vitamin B^ 
was added to media deficient in vitamin B complex. 
A = normal brain extract. JS = beriberi brain extract. 
C — beriberi brain extract to which vitamin B^ was added. 

The influence of normal chick-embryo extract con- 
taining added aneurin on the growth of fibroblasts 
in vitro 

It has been shown in the previous experiments 
that vitamin B^ acting by itself does not restore 
the growth -promoting capacity of beriberi brain, 
while the vitamin B complex does so, at least par- 
tially. The latter action may be due either to the 
presence of vitamin B^ acting in concert with other 
members of the vitamin B complex, or it may be 
due to some factor in the vitamin B complex other 
than vitamin B^ . If the former explanation were 
true, it would be likely that vitamin B^, in the 
presence of the normal embryonic extract and 
plasma, would improve the growth. Exp. 7 was 
designed to test this. A total of 54 cultures divided 
into two groups of 27 was used. Both groups were 
fed with equal volumes of 10 % extract from chick 
embryos, and plasma from normal birds. In addi- 


Until now the effect of the B complex of vitamins 
on growth has largely been examined on animals 
in vivo. Experiments in vitro have the advantage 
of affording a more direct picture of the effect on 
cells grown in a standard substrate and they exclude 
to some extent influences which are indirect. The 
disadvantage of tissue culture experiments is the 
difficulty of defining and of measuring growth. 

In the above experiments growth has been 
assessed as increase in area of the culture. It is 
appreciated that this ‘growth’ is a combination of 
cell division and outwandering. In order to ensure^ 
as far as possible that the ratio of division and 
outwandering for any^ experiment was a constant, 
the plasma coagulum was kept as constant as pos- 
sible [Willmer, 1933], All the plasma used for an 
entire experiment was obtained from one bird and 
the quantity used for each culture and the size of 
the spread diup were constant. The extracts used 
differed in their action, but except in Exp. 1 the 
dilution used in all sets of cultiues in any one 
experiment was the same. It is therefore felt that 
in any experiment the mechanical properties of the 
medium land the accessibility of oxygen to the cells 
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I were very similar. In Exp. 1 the dilutions of extract 

were of necessity different, but if the greater dilu- 
tion induced more outwandering this would operate 
to lessen the significance of the results obtained. 

In all the experiments in which extracts from 
normal brains were compared with extracts of 
brains from pigeons suffering from beriberi, it was 
shown that while growth occurred in the latter, it 
I was less than that produced by brain extracts from 

normal birds. In beriberi it is very probable that 
there is a deficiency not only of aneurin, but of at 
i least one other component of the B group of vita- 

I mins [Williams & Spies, 1939]; The reduced growth 

of cultures fed with beriberi brain extract might 
; therefore be regarded as due to a deficiency of 

components of the vitamin B complex other than 
aneurin. 

In examining the effect of the addition of vita- 
I min or of the vitamin B complex, it had to be 

I kept in mind that these substances may not neces- 

j sarily act in the free state on cells. The results of 

I those experiments, in which an extract of the vita- 

min B complex was added to media deficient in 
vitamin B, showed that increased growth could be 
produced in the presence of the media supplied. 
It is therefore presiuned that any other factor 
necessary for the effect was present in the media. 
Since the extract of the vitamin B complex used 
was deficient in vitamin B^ and in biotin, it is 
[ assumed that the growth-promoting substance was 

‘ neither of these two. 

In those experiments in which vitamin Bj was 
added, no effect on growth could be shown. This 
was true whether or not the medium was obtained 
from animals judged to be lacking not only in those 
substances necessary for the formation of co- 
carboxylase, but also in other components of the 
vitamin B complex. No correlation could therefore 
be made between growth and the carbohydrate 
metabolism of the cell, and no effect could be shown 
whether vitamin B^ was used alone or in the pre- 
sence of the vitamin B of normal embryonic extract. 
The findings suggest that vitamin Bj has no specific 


effect on cell growth as measured in these experi- 
ments. It would follow that the use of growth rate 
in animals as a measure of vitamin Bj must be 
dependent on an indirect influence on the animal 
as a whole, as for example an effect on appetite. 

It is felt that the methods described are satis- 
factory for further direct testing of the growth -pro- 
moting properties of constituents of the B complex 
of vitamins. 

SUMMARY 

1. An investigation was carried out to demon- 
strate the influence of the vitamin B complex and 
of vitamin B^ (aneurin) on the growTh of fibroblasts 
in vitro. 

2. Extracts of the brains of pigeons suffering 
from beriberi were found to contain substances 
which promoted a satisfactory growth of fibro- 
blasts. The growth obtained was, however, signi- 
ficantly less than that obtained when extracts of 
brains of normal pigeons were used. 

3. The addition of yeast extract, which was de- 
ficient in vitamin and biotin, improved signi- 
ficantly the growth of fibroblasts which were grown 
in a medium deficient in vitamin B. 

4. The addition of vitamin B^ (aneurin) could 
not be shown to increase growth whether the 
medium was or was not deficient in its content of 
vitamin B complex. 

5. From the data obtained, it is concluded that 
the vitamin B complex, or some component of it, 
has a specific effect on growth in vitro. This growth - 
promoting factor is probably not aneurin. 

This work was carried out while one of the authors 
(E. P.) held the Pilkington Fellowship in Cancer Research 
of Manchester University. 

The authors wish to acknowledge the help of Prof. A. R. 
Todd of Manchester University, and of Mr A. L. Bacharach 
and Mr W. J. Hurran of Glaxo Laboratories Ltd. 

The authors are indebted to Mi’ Tippett, statistician to 
the Shirley Institute for Cotton Research, Manchester, for 
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A Note on the possible Relationship between Ascorbic Acid 
and Glutathione in vivo 

By F. T. G. Department of Pathology Am C. G. N'. Y ASS,. Department of Physiology, 

' St Thomas's Hospital Medical School, London, S,E, 1 

(Received 5 July 1943) 


In view of the fact that both glutathione and 
ascorbic acid belong to a redox system, it was 
thought that it might be of interest to detennine 
the concentrations ofboth substances simultaneously 
in the same human subject during an extended 
‘saturation’ test with ascorbic acid. 


METHODS 

Ascorbic acid in whole blood. Whole blood determinations 
were made by a slight modification of the method of 
Deeney, Murdock & Eogan [1942]. Pure CO was used for 
conversion of the haemoglobin to earboxyhaemoglobin. 
2 ml. of blood were diluted with 4 ml. of glass distilled 
HgO and 4 ml. of 16% HPOg used for precipitation. It 
was found impossible to remove all the suspended material 
by centrifugation on account of the presence of the octanol. 
After centrifuging, the solution was passed through a 5 cm. 
No. 41 Whatman filter paper which readily removed the 
large suspended particles. 

Plasma ascorbic acid. 4 ml. of plasma were treated with 
16 ml. of 3% HPOg solution as soon as possible after with- 
drawal of the blood. After centrifugation, 5 ml. portions 


of the clear supernatant fluid were titrated with a O-Ol % 
solution of 2:6-dichiorophenoiindophenol. 

Glutathione in blood and plasma. The method of Wood- 
ward & Fry [1932] w^as employed. The analyses were carried 
out immediately after withdrawal of the blood and the 
appropriate corrections were made for the ascorbic acid 
content of the blood or plasma. 

Two in-patients, W. (a male) and J. (a female) and one 
of us, V., were employed. No attempt at any kind of 
selection was made except that the third subject was 
chosen to give a range of initial plasma ascorbic acid values 
of 0-08, 0*26, 0-80 mg./lOO ml. 

A daily dose of 700 mg. of ascorbic acid for each 140 lb. 
of body weight was given as nearly as possible in two equal 
portions, one at the commencement of each 24 hr. collection 
of urine, the other approximately 12 hr. later. The dose 
was continued even when a ‘state of saturation’ had been 
reached. Blood samples were taken either at the end of 
the 24 hr. period, before the first dose of the subsequent 
24 hr., or if no dose was given, at least 3 hr. after taking 
food. Blood samples in which the concentration of ascorbic 
acid was required were drami into tubes containing 
0*1 ml. of 20% potassium oxalate solution and 0*05 ml, of 
5% KCN. The investigation w^as continued in subjects 
J. and V. after the administration of synthetic ascorbic 
acid had ceased for 3 and 7 days respectively. 


Table 1. Concentration of ascorbic acid and glutathione in the blood during and 
after an extended ascorbic acid saturation test 



Ascorbic 

Ascorbic acid 
(mg./lOO mi.) in 

K 


Oxidized 

0*1 n +.0 n 1 r^Ti A 

Millimoles of 

_ _ ■ 


acid 

given 

orally 

(mg./lOO ml.) 

in 

gXU.VCoUJJ.iv/XXv7 

(mg./lOO ml.) in 

A ■ 

Ascorbic 
acid in 
blood 

N 

Reduced 
gluta- 
thione in 

Date 

'whole Blood' 

' Whole 

Bed 

Blood 

' Whole 

Blood 

mg./day 

blood plasma 

blood 

cells 

plasma 

blood 

plasma 

plasma 

red cells 

30. X. 42 

W. aet. 55. Male. Haematoorit 27-1%. Wt. 120 lb. 
0 — 0-08 37-1 137 2-5 

? Cirrhosis of liver 

4-0 0 

0-0045 

4-46 

1. xi. 42 

600 

— ___ 

— 











4. xi. 42 

600 

— 0*88 

35*5 

131 

2-8 

5-2 

0 

0-0500 

. 4-27 

9. xi. 42 

600 

~~ 1*08 

31*3 

116 

2*8 

■ 0 

8-6 

0-0613 

3-78 

23, xi. 42 

600 

— 1-07 

30-7 

113 

3-7 

31 

2-1 

0-0608 

3-68 

2. xi. 42 

J. 

0 

aet. 26. Female. Haematocrit 35 
— 0-26 22-4 

'0%. Wt. 1221b. 
64 2*7 

Abdominal sinuses 

3*1 2d 

o 

o 

2-08 

10. xi. 42 

600 

— ■ _ 

— 











11. xi. 42' 

600 

— - 0-98 

22*4 

64 

1-5 

4*9 

5*5 

0-0557 

2-08 

23. xi. 42 

600 

— 1-33 

16'9 

48 

B2 

8-3 

6-4 

0-0756 

1-56 

27. xi. 42 

0 

— — 

— 

— 









30.xi.42 

0 

— M2 

18*4 

53 

0 

0-9 

6-1 

0-0636 

1-73 „ 

23. xi. 42 ' 

0 

V. aet. 40. Male. 
0*82 0-80 

Haematocrit 46-0 % . 
35-0 76 

Wt. 158 lb. Normal 

0 4-6 4-4 

0-045 

-2-48 

24. xi. 42^ 

750 

— 










25.xi. 42 

750 

1-53 1-53 

30-1 

65 

0 

7-6 

1*5 ' 

O-0S7 

2-12 

30. xi. 42 

750 

1*48 1-48 

28-8 

63 

0 

3*1 

3-4 

0-084 

2-05 

1. xii. 42 ' ' 

0 

' , 

_ 









7. xii. 42 ' 

0 

1*08 D02 

31*9 

69 

0 

2*5 „ 

■5*2,' 

0-058 

2-25 "■■■■' 


VoL37 ascorbic acid and GLUTATHIOME , 507 


RESULTS 

The data (Table 1) show: (1) In all three examples 
the maximum ascorbic acid level is associated with 
a decreased concentration of glutathione in the red 
blood corpuscles, viz. 18, 24, 26% of the initial 
values in W., J., and V. respectively. (2) The 
plasma ascorbic acid content rises when the reduced 
glutathione in the red ceils fails. Statistical analysis 
of the data by Mr H. T, Russell of the London 
School of Hygiene and Tropical Medicine showed 
that the values for plasma ascorbic acid and red 
cell reduced glutathione exhibited a negative corre- 
lation which is highly significant . ( 3 ) In the subj ect 
V., whole blood and plasma ascorbic acid varied 
equally in response to the test dose, although many 
authors find that the passage of ascorbic acid into 
the red blood corpuscle is slow [Borsook, Davenport, 
Jeffries & Warner, 1937]. 

DISCUSSION 

Calculations from the data obtained show that the 
ratio of the fall in glutathione in the red blood 
corpuscles to the rise of the plasma ascorbic acid is 
approximately 10 mol. to 1 (variation 8-12). 
Further, in subjects J. and V. when the plasma 
ascorbic acid fell at the termination of the ‘satura- 
tion ’ experiment, the rise in glutathione was of the 
same molecular order. 

Possible relationships between ascorbic acid and 
glutathione and their interdependence as oxidation- 
reduction systems have been demonstrated by 
Hopkins <& Morgan [1936] and by Crook & Hopkins 
[1938], who showed that reduced glutathione 
(GSH) prevented the oxidation, of ascorbic acid 
in vitro even in the presence of its oxidase. Later 
Crook [1941], working with plant extracts, charac- 
terized a reductase which catalyzed the reduction 
of dehydro -ascorbic acid by GSH, and so was able 
to complete the system^ — plant substrate, dehydro- 
genase, GSH, reductase, dehydro -ascorbic acid and 
ascorbic acid oxidase — ^which allows the Og ulti- 
mjately to bring about oxidation of the substrate. 
That dehydi’o -ascorbic acid is reduced in the body 
is well known [Johnson & Zilva, 1934], whilst 
Borsook et al. [1937] presented evidence that it was 
the GSH that was responsible for the reduction of 
dehydro -ascorbic acid in minced tissues. It is note- 
worthy that in order to obtain complete reduction 
a large molecular excess of GSH was required. 
Further evidence of the importance of the system 


in the body, and a suggested role in the formation 
of bile pigments, is that put forward by Lemberg, 

Legge & Lockwood [1941], autoxidation of oxy- 
haemoglobin to choleglobin occurring in the pre- 
sence of ascorbic acid in turn reduced by GSH. 

Schultze, Harrer & King [1939] found no Hg 
transfer to occur in a system consisting of nicotine ; 

haemochromogen, ascorbic acid, co -enzyme, and 
glucose with glucose dehydrogenase. Oxidation of 
ascorbic acid in the presence of Cu is inhibited by 
GSH [Barron, Barron & Klemperer, 1936; Mawson, 

1935]. 

The relationship of the ascorbic acid and GSH ; 

levels in the blood established by us is additional 
evidence for the interplay of these systems. There 
are also indications that the fall in the GSH is 
accompanied by a rise in the oxidized glutathione 
(GSSG). It is tentatively suggested that one of the j 

possible reasons why scurvy takes such a long ' 

‘latent period’ to become manifest on a scorbutic 
diet is that in part the GSH in the tissues may tend 
to counterbalance the functional diminution conse- ’ 

quent on the lack of ascorbic acid. The difficulty 
of ascribing a role to ascorbic acid in respiratory 
catalysis, on the grounds that tissues deficient in 
ascorbic acid fail to show decreased respiration 
[Elvehjem, 1942], may also, at least in part, be 
removed. 

Our results for the glutathione content of whole | 

blood are comparable with those of Woodward & 

Fry [1932] and of Platt [1931], although the highest I 

values obtained for subject J. are rather below the i 

lowest normal limit given by any of these authors f 

(25 and 30*7 mg./lOO mi. respectively). J. showed 
sonie degree of anaemia (Hb 56%), but the GSH 
content of the red cells is not in excess of that of V . , 
a normal subject, a result which is not in agreement 
with the findings of Platt [1931] in anaemia, nor 
with our results in subject W. (Hb 52 %). 

SUMMARY 

1. The concentration of glutathione in the red 
blood corpuscles of the human being va-ries inversely 
with that of the plasma ascorbic acid. Calculations 
show that the molecular change is approximately 
lOtol. 

2, A possible role of glutathione in the long 
‘latent period’ for scurvy is suggested. 

We are indebted to Mr H. T. Bussell of the London :i 

School of Hygiene and Tropical Medicine for help with the | 

statistical analysis. , 
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Lysine Deficiency in Young Rats 


By H. a. HARRIS, A. NEUBERGER and E. SANGER (Benn W. Levy Student), 

Depart7nents of Anatomy and Biochemistry, University of Cambridge 


{Received 7 July 194S) 


‘Essential’ amino -acids share with vitamins the 
property that they cannot be synthesized in the 
mammalian body and have therefore to be supplied 
in the diet. They differ from vitamins, however, in 
several other respects. Whilst vitamins are present 
only in small quantities in the tissues, amino -acids 
combined in proteins form a large part of the total 
mass of the body. The quantitative requirements 
for essential amino -acids are therefore considerably 
greater than those for vitamins. On the other hand, 
the body has a great store of amino -acids in its 
proteins, and the deleterious effects of a dietary 
deficiency of a particular essential amino -acid will 
therefore generally be less sudden and less marked, 
at least in the adult animal, than those of most 
vitamin deficiencies. 

The clinical picture of a particular amino -acid 
deficiency will greatly depend on the biological 
function of the amino -acid concerned. If an amino - 
acid is needed only as building material for the 
synthesis of protein, a lack of that amino-acid in 
the diet will result only in an inhibition of protein 
synthesis and the effect will be more marked in the 
young animal than in the adult. The severity of the 
symptoms will depend on the quantitative require- 
ments of the body relative to its stores of that 
amino-acid, and also on the extent of irrever- 
sible oxidation which occurs during the constant 
breaking-down and building-up of proteins in the 
mammalian body [Schoenheimer & Rittenberg, 
1940]. This loss, which corresponds to the wear and 
tear quota of Rubner, may vary considerably for 
different amino -acids, and the effects of deficiencies 
on weight and nitrogen equilibrium may vary 
accordingly. 


Some amino -acids, however, are apparently 
needed not only for the synthesis of proteins, but 
also for some specific metabolic purpose. For 
example, methionine acts as a donor of methyl 
groups and its absence from the diet produces 
specific symptoms peculiar to this amino -acid. 
Again, valine deficiency produces characteristic 
nervous symptoms [Rose & Eppstein, 1939] which 
suggest a special metabolic role for that amino -acid 
in the central nervous system. The deficiency or 
lack of such amino -acids will produce a clinical 
picture peculiar to the amino -acid concerned and 
will be superimposed on the general pictiue of de- 
ficiency common to all essential amino -acids which 
may be called a ‘structural’ deficiency. 

This paper is concerned with lysine deficiency. 
Lysine was shown to be indispensable for the 
growth of young animals by Osborne & Mendel 
[1914; 1916], who also showed that animals could 
be kept alive for long periods and at fairly constant 
weight on diets containing very small amoimts of 
lysine. Lack of lysine in young animals produces 
no specific symptoms apart from cessation of 
growth, and it has been claimed that it is not 
essential for maintenance in adults [Burroughs, 
Burroughs & Mitchell, 1940]. 

The animal kept at a constant weight by the 
lysine -deficient diet is, however, not static as re- 
gards the development of individual tissues and 
organs. Its body and tail lengths increase and so 
do the leg bones [Winters, Smith & Mendel, 1927], 
and many organs such as the kidneys and the eyes 
increase in weight, whilst others, like muscle, de- 
crease [Lafon, 1939]. Male genital organs are not 
affected by lysine deficiency, but in females the 
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oestrous cycle is suspended [Pearson, 1937], and 
lactation is more affected than gestation [Hart, 
Nelson & Pitz, 1918; Fowler, Morris & Wright, 
1934; Lafon, 1939]. It can be inferred from the 
absence of specific symptoms that lysine is required 
purely as passive material for the synthesis of pro- 
teins. This paper contains a description of the 
changes in the formed elements of the blood and 
in the blood proteins, and also of the changes in 
the processes of ossification, caused by a deficiency 
of lysine in the diet. 

EXPERIMENTAL 

Diets, The experimental animals, piebald rats of the 
laboratory stock (mostly males), were put on the diets 
soon after weaning and littermates were used as controls 
in each group. The main basal diet (diet A), which was 
given ac? lib., was as follows: gliadin 18%, arachis oil 10%, 
lard 5%, cod-liver oil 1%, salt mixture (McCollum) 5%, 
corn starch 61%. Basal diet B was identical with diet A 
except that gliadin was replaced by the same amount of 
zein, and a supplement of 10 mg. of Z-tryptophan was 
always given daily. The water-soluble vitamins were given 
as a separate supplement in the following daily doses: 
aneurin 30 /xg., pyridoxin 30 /xg., riboflavin 50/u,g., calcium- 
dZ-pantothenate 100 /xg., nicotinic acid 1 mg., inositol 1 mg. 
and choline chloride 3 mg. The animals also received a 
daily dose of 0*5 ml. of a purified aqueous acetone extract 
of whole liver, of which 1 ml. corresponds to 4 g. fresh liver. 
This liver extract, which contained 11 mg. N/ml, gave a 
positive ninhydrin reaction and must be presumed to con- 
tain amino-acids. 

The amino-acid supplements were fed wdth the vita- 
mins. Adding the amino-acids to the basal diets did not 
affect the results. Lysine was given in the control experi- 
ments in the form of Wysine hydrochloride, 40 mg./day. 

RESULTS 

Increase of total body weight 

Table 1 shows that if young rats are reared on a 
diet in which practically all the N is derived from 


gliadin or zein, they stop growing and their body 
weight remains constant for long periods, con- 
firming the old observations of Osborne & Mendel 
[1912, 1914]. Such a diet is by no means devoid of 
lysine. Osborne, van Slyke, Leavensworth & Vino- 
grad [1915] isolated lysine from a ^gliadin hydro- 
lysate and, after correcting for solubilities, arrived 
at a value of 0-64% for the lysine in gliadin. The 
indirect van Slyke distribution method indicates 
an even higher value and the lysine content can be 
tentatively put at about 0-9%. The liver concen- 
trate included in our diet may also contain traces 
of lysine and the total daily intake of lysine on 
basal diet A may be as much as 10 mg. 

Zein is believed to be completely free from lysine 
[Vickery, 1938] on the other hand, and basal diet B 
will contain only traces of lysine, from the liver 
extract and possibly from nitrogenous impurities 
in the starch. Since the results obtained with the 
gliadin and zein diets were almost identical, it can 
be concluded that the small amount of lysine in 
gliadin does not greatly affect the deficiency symp- 
toms, at least in young rats. 

If the basal diets are supplemented with suffi- 
cient lysine, growth occurs at a subop timal rate 
(Table 1). We have fotmd, in agreement with other 
workers, that an addition of 40 mg. lysine hydro- 
chloride daily is sufficient to produce a maximal 
growth response with a gliadin diet. The increase 
in body weight, which varied from about 7-14 g./ 
week (Table 1), is only about 40 % of that produced 
by feeding a good protein, such as casein, at the 
same level. It appeared likely that gliadin might 
also be deficient in some other indispensable amino - 
acid. Rose [1938] found gliadin to be a poor source 
of threonine, and the value of 2*92% found by 
Winnick [1942] for the threonine content of gliadin 
is smaller than the values reported for other pro- 
teins such as casein or fibrin. An addition of 50 mg. 


Table 1. Total body weights of young rats receiving basal diets with or without added lysine 


Litter 


Duration 
of exp. 

Basal 

Lysine 

hydrochloride 
added daily r 


Wt.jg.) 

Increase/week 

no. 

Rat 

(weeks) 

diet 

(mg.) 

Initial 

Final 

5 

13 

6 

A 

0 

33 

32 

-0-17 


14 

6 

A 

0 

30 

29 

-0'17 


15 

6 

A 

0 

31 

29 

-0*33 


17 

6 

A 

40 

32 

83 

4-8*'5 


18 

6 

A 

40 

31 

90 

-h9-S 

6 

1 

7 

A 

0 

32 

33 

+ 0*14 

2 ■ 

7 

A 

0 

30 

33 

-f043 


3 

7 

A- 

0 

30 

29 

- 0-14 


4 

7 

A 

40 

28 

71 

-f6-2 


5 

7 

A 

40 

30 

73 

H-6-2 

'8'': 

30 

5 

B 

0 

31 

30 

-0*20 


31 

5 

B 

0 

31 

30 

-0*20 


32 

5 

B 

0 

33 

33 

0-00 


33 

5 

B 

40 

32 

67 

4- 7-00 


34 

5 

B 

40 

32 

69 

+ 7-40 
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d^threonine daily to a gliadin diet supplemented 
with lysine produced, however, no improved growth 
response*. Likewise, addition of Lhistidine, in which 
gliadin is also poor, did not affect the growth of the 
rats, nor was any improvement effected by addition 
of isoleucine or cystine to the diet. The suboptimal 
growth produced by supplemented gliadin diets is 
not readily explained by the amino -acid composi- 
tion of this protein and must remain an open, 
question at the moment. A similar lack of success 
in supplementing zein by different amino -acids has 
been recently reported by Borchers, Totter & Berg 
[1942]. 

If animals on the basal diet are compared with 
animals reared on a diet to which an optimal 
amount of lysine has been added, we observe in 
fact the differences produced by a diet low in lysine 
and a diet which, contains sufficient lysine but is 
still, for an imexplained reason, incapable of pro- 
ducing optimal growth. Nevertheless, it appears 
reasonable to ascribe the differences observed be- 
tween the animals reared on the basal diet and the 
controls to the insufficient quantity of lysine in the 
basal diet. 

Red cells and haemoglobin 

New-born rats have about 2 *5-3 *5 million red 
cells/ou.mm. and about 10 g. haemoglobin/100 ml, 

blood. At the age of 3-4 weeks, i.e. immediately 

after weaning, we find in our stock average values 
of 4,700,000 and 10-3 g. Hb respectively. On a 
casein diet containing all the vitamins these values 
rise during the following 2 months to about 
8,000,000 red cells and 14 g. Hb. The changes which 
occur on a gliadin diet and a diet supplemented 
with lysine are shown in Table 2. All the figures 
are average values obtained from 10 to 12 rats in 
each group; the animals were about 3 weeks old at 
the beginning of the experiment. In the earlier 
experiments haemoglobin was estimated by the 
method of Herbert [1941], but in the later experi- 
ments we used the more accurate method of 
Rimington [1942]. 

Table 2, Increase in, number of red cells and haemo- 

glbbin in normal and lysine-deficient animals 


Red cells 
(miHions/ml.) 

of , — : ^ 

weeks Lysine- 

on diet Normal deficient 

- 0 4*80 ±04 4*80 ±0*4 

2 5*90 ±04 5*35 ±0*5 


Hb 

(g./lOOml.) 

"■ ^ — 

Lysine- 
Normal deficient 


7*1 ±0*6 
7*2 ±0*5 
: 7*4 ±04 


6*02 ±0*4 
6*24 ±0*5 
6*21 ±0*5 


10*2 ±0*5 
11*0 ±0*5 
12*5 ±0*5 
12*5 ±04 


10*2 ±0*5 
10*35 ±0*6 
10*2 ±04 
10*8 ±0*6 


12*55 ±04 10*9 ±0*6 


Table 2 shows that with a gliadin diet supple- 
mented with lysine the rise of the cell count and of 
the haemoglobin content is almost normal. The 


values may be slightly lower than on a casein diet, 
but our data were not sufficiently numerous to 
establish this point with certainty. In the lysine- 
deficient animals both haemoglobin and red cells 
rise more slowly and the final values are lower by 
about 15-20% than in the controls. This increase 
indicates that, although the total weight of. the 
animals remains constant, the haematopoietic 
system continues to develop. The differences found 
between, the lysine -deficient animals and the con- 
trols can hardly be interpreted in the sense that 
lysine deficiency produces an anaemia, but it may 
be inferred that the rate of development of the 
haematopoietic system is somewhat reduced by the 
lysine deficiency. 

The effect of lysine deficiency on red cells is of 
particular interest in connexion with the anaemia 
produced by deaminized casein [Hogan & Ritchie, 
1934], which can be cured by feeding relatively 
large quantities of lysine [Hogan, Powell & Guer- 
rant, 1941]. Deamination destroys the terminal - 
NHg group of lysine and the resulting hydroxy or 
unsaturated compound is almost certainly unable 
to replace lysine in the diet. It appears, however, 
from the results reported here that the destruction 
of lysine in itself caimot account for the anaemia 
observed by Hogan. It must be assumed, in agree- 
ment with the conclusions reached by Hogan and 
his co-workers, that the treatment with nitrous acid 
produces a toxic substance either derived from 
lysine or from another amino -acid and that the 
curative effect of lysine is due to a specific de- 
toxicating action of that amino -acid on the un- 
known toxic substances. 

The conclusion that lysine deficiency does not 
cause anaemia is also supported by the results of 
Pearson, Elvehjem & Hart [1937], who foimd that 
recovery from nutritional anaemia produced by a 
milk diet is not greatly influenced by the quality 
of the protein in the diet during the recovery period. 
We have repeated their experiments with our 
gliadin and zein diets on three litters and have 
obtained results very similar to those of the 
American workers. It appears, therefore, that the 
relatively large amounts of lysine required for the 
formation of haemoglobin are taken from other 
tissues, if no dietary lysine is available. 

Plasma proteins 

At the end of the experimental periods the 
animals were killed and the blood was collected in 
vessels containing Na oxalate. There were no gross 
pathological changes in the experimental animals 
apart from a considerable wasting of muscular 
tissue in the lysine-deficient rats. 

Plasma protein was estimated by multiplying the 
total N of plasma, as determined by the Kjeldahl 
method, by 6*25. In some cases the non-protein 
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nitrogen was estimated separately and deducted 
from the total N. This eorrebtion amoimted to 
about 5-7 % of the total N ; since the amount of 
plasma ob'^ained was small, the determination of 
non -protein N was omitted in most experiments 
and a value of 35 mg. N/iOO ml. plasma was de- 
ducted from the total N to give protein N. Table 3 


Table 3. Plasma protein concentration in normal 
and lysine-deficient animals 


Litter 


No. of 
animals 

Plasma protein 
(g./lOO ml.) 

1 

Normal 

2 

5-5, 6-35 


Deficient 

3 

4-0, 4-3, 4-2 

2 

Normal 

3 

5*6, 4-95, 5-2 


Deficient 

3 

4-2, 4-2, 4-1 

3 

Normal 

3 

5-8, 5-6, 5*7 


Deficient 

3 

4-0, 4-2, 4-2 

4 

Normal 

3 

5-5, 5-9, 6-1 


Deficient 

3 

4-0, 3-9, 4-3 


gives the results obtained with lysine -deficient and 
normal animals. Plasma protein values are con- 
siderably lower in the deficient animals; the first 
three litters had been reared on gliadin diets and 
the average plasma -protein value in the deficient 
animals is 4% compared with one of 5*5% in the 
controls. In litter 4, which had been on a zein diet, 
the plasma -protein values seem to be even lower. 
In two litters the albiunin/globulin ratio was deter- 
mined by the method of Howe [1921]. Thera was 
no significant difference between the lysine -deficient 
rats and the controls; in both groups the albumin/ 
globulin ratio varied between 1*7 and 2*1. 

Growth and ossification 

The methods available for the assessment and 
comparison of rates of growth in animals, apart 
from mere weighing and measuring of bodily dimen- 
sions, depend on radiographic and histological 
studies. The former have the advantage that radio- 
graphs can be taken at any desired intervals during 
the course of the experiment; the latter have the 
disadvantage that they involve the sacrifice of the 
animal. The radiographic method gives a good idea 
not only of the rate of growth in the spine, tail, 
skull and long bones, but, with adequate ‘soft tissue’ 
technique, yields information about the bulk of the 
subcutaneous fat and muscular tissue. The histo- 
logical method consists in recording the number of 
mitotic figures in the growing tissue or organ. In 
the case of the long bones, the actual nximber of 
cells in the columns of the zone of proliferating 
cartilage and the zone of calcifying cartilage in the 
epiphysial region may be counted. Tliis method 
gives information not only of the rate of prolifera- 
tion in a given type of cell, but also^ of the rate of 
differentiation such as occurs in osteogenesis and 
in the formation of bone marrow. 


A comparison of the radiographs of the control 
and lysine -deficient rats at the age of 6 weeks, after 
3 weeks on the diets, shows the great difference in 
bodily dimensions (Fig. 1, a, b). The normal animal 
is well covered with subcutaneous fat and muscle 
as compared with the starveling. The width of the 
epiphysial cartilage at the upper end of the tibia 
in the normal rat is approximately 1 mm., but that 
in the lysine -deficient rat is barely visible as a thin 
line, indicating that union of the epiphysis with the 
shaft is about to take place. The patella in the 
normal animal is a mass of bone nearly 3 by 1 mm., 
in the other it is a mere dot measuring less than 
1 sq. mm. The caudal vertebrae in the lysine- 
deficient rat are smaller in ail dimensions and the 
epiphysial plates are separated from the body of 
the vertebra by a narrower zone of epiphysial 
growth cartilage. The degree of calcification in all 
the bones is generally reduced as compared with 
the normal. 

Two rats, one normal, the other lysine -deficient, 
aged 9 weeks, were killed after 6 weeks of feeding. 
Certain organs, including the wrist joint, knee joint 
and testes, were fixed in Allen’s modification of 
Bouin’s fluid at 38°, with a view to studying the 
minute anatomy of the epiphysial growth cartilage 
and the mitotic count of the testes. Sections were 
cut in paraffin and stained with haematoxylin and 
eosin. 

The microscopic sections of the distal end of the 
radius (Fig. 2 a, 6) show that in the normal rat the 
first zone of proliferating cartilage averages about 
15 chondroblasts to the column as compared with 
about 7 in the lysine -deficient rat. The second zone 
of calcified cartilage averages from 3 to 5 cells in 
the column, but the trabeculae of calcified matrix 
are more clearly and heavily laid down in the 
lysine -deficient rat. The third zone of actual osteo- 
genesis and bone marrow formation shows heavier 
transverse trabeculae of bone in the lysine -deficient 
rat, indicating arrest of growth. The bone marrow 
in these animals is composed largely of fat. 

The microscopic sections at the upper end of the 
tibia similarly show in the first zone of columns of 
proliferating cartilage about 7 cells in the normal 
and 3 cells in the lysine-deficient rat, so that the 
evidence gained is definitely in favour of a marked 
arrest of growth in the lysine -deficient animal. In 
the case of the testes, the volume in the lysine - 
deficient animal was approximately 75 % of the 
normal and the number of mitotic figures in the 
tubules about 66 % . 

It is clear from the comparison of the radiographs 
of the lysine -deficient rat at 3 weeks and 9 weeks of 
age, after 6 weeks of deficient feeding, that the 
internal economy of the animal has altered jDro- 
fomidly. Although the weight has remained con- 
stant, it is no longer the same animal. The subeu- 
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taneous fat has decreased, the muscles have wasted, 
the long bones have grown by about 20 % in length, 
blit dimmished in girth. The caudal vertebrae have, 
increased by about 60% in length but their dia- 
meter has slightly diminished. 

DISCUSSION 

The most striking effect of the deficient diet which 
contains only small amounts of lysine is complete 
cessation of growth without any loss of weight. It 
is possible that cpmplete absence of lysine might 
result in a decrease of body weight. 

Following the experimental technique of W. C. 
Rose and others, food was given ad libitum; the 
food intake of the deficient animals steadily dimin- 
ished during the experiment and averaged during 
the last weeks only about 60-70 % of that of the 
controls. It may be argued, therefore, that the 
results observed are mainly due to the reduced 
calorie intake. The case for and against paired 
feeding, which eliminates differences caused by 
variations of food intake, has been reviewed at 
some length by Brody [1935]. It is certain, how- 
ever, that the diminished appetite is the result of 
the deficiency of the diet and generally follows the 
failure of growth, as first observed by Hopkins 
[1912]. The diminished food intake is therefore 
indicative of a deficiency in the diet and it is 
immaterial for our pui'pose, i.e. the description of 
the symptoms of lysine deficiency, whether' the 
effect is wholly direct or is largely caused by re- 
duced intake of food, which in itself is due to the 
deficiency in lysine. 

The constancy of weight in the deficient animals 
represents the sum total of changes in continuous 
operation. Certain organs such as the eye and 
kidney continue to grow at the expense of others 
[Lafon, 1939]. The long bones grow in length and 
the nmnber of red cells/rmit volume of blood in- 
crease. Whether the total number of red cells in 
the body and the total amount of haemoglobin 
change is impossible to say without measuring the 
blood volume. But growth, even where it occurs, 
is considerably retarded. This is shown very clearly 
by the histological analysis of the epiphysial bone 
and the reduced number of mitotic figures in the 
testes. Some tissues, such as muscle, lose weight, 
ahd it appears likely that the total protein of the 
body decreases slowly. A distm'bance of protein 


metabolism is also indicated by the low serum pro- 
tein values, which are reduced to oedema level. 
Protein appears to be transferred from some organs 
to others according to a definite system of priorities. 

„The constancy of body weight shows that this 
transfer is done very economicaUy, at least in lysine 
deficiency, with only a small loss of lysine through 
irreversible oxidation. The whole picture, which can 
best be interpreted as an inhibition of protein 
formation, is not milike that produced by ordinary 
starvation, i.e. by reducing total intake of food 
[Jackson, 1908; 1932]. It is noteworthy, but not 
unexpected, that lack of one essential building 
material in the diet produces essentially the same 
symptoms as general underfeeding. 

SUMMARY 

1. A diet containing only small amounts of 
lysine produces, in young rats, cessation of growth 
and hypoproteinaemia. The number of red cells 
and the amount of haemoglobin/unit volume of 
blood are slightly lower than in the control animals 
which receive a diet supplemented with lysine and 
are growing. These low values are interpreted as in- 
dicating not so much an anaemia proper as a re- 
tarded development of the haematopoietic system. 

2. Radiological examination shows a consider- 
able decrease of subcutaneous fat, waste of muscle, 
and reduction of calcification in the bones. The 
epiphysial cartilage in the long bones is barely 
visible and histological examination reveals a con- 
siderable reduction in the number of chondroblasts 
in the first zone of proliferating cartilage. In the 
zone of calcified cartilage the trabeculae of calcifi.ed 
matrix are heavier in the deficient animals than in 
the Controls. Mitotic figui*es in the testes are re- 
dnced as compared with normal animals. 

3. The changes observed are assumed to be due 
to a general inhibition of protein formation. This 
leads to a reduced growth of some organs which 
develop at the expense of others and protein is 
transferred according to a fixed system of growth 
priorities. The sum total of these changes is con- 
stant body weight. The similarity of this picture 
to that produced by starvation is discussed. 

One of us (A. N.) wishes to thank the Medical Research 
Council for a personal grant, and the other (P. S.) St John’s 
College, Cambridge, for a Hutchinson Studentship. 
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1 «'• Fig. 1 6. 

Fig. 1. Eadiograph of lysine-deficient animal (16) and control (la). The animals were littermates, 
10 weeks old and had been 6 weeks on their respective diets. 
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The Mechanism of Coprosterol Formation in vivo 


1. CHOLESTENONE AS AN INTERMEDIATE 


By O. ROSENHEIM T. A. National Institute for Medical Research, 

Hampstead, London, N. W. 3 
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In view of the inherent improbability that the 
organism is able to convert cholesterol by direct 
hydrogenation into its ci6‘-decalin derivative copro- 
sterol, it has been suggested that the reaction pro- 
ceeds in two stages [Rosenheim & Starling, 1933]. 
According to this view cholestenone, the inter- 
mediate oxidation product of cholesterol, is subse- 
quently reduced in the intestine to coprosterol and 
partly to epBcoprosteroL 

Although feeding experiments with cholestenone 
have since provided considerable experimental evi- 
dence for the correctness of this view [Rosenheim 
& Webster, 1935; Schoenbeimer, Rittenberg & 
Graff, 1935; Rosenheim & Starling, 1937; Anchel 
& Schoenheimer, 1938], the final proof of the occur- 
rence of cholestenone itself in the animal organism 
or in its excreta was still lacking. The difficulties 
of isolating such small amounts of cholestenone 
as escape complete reduction from the faeces of 
animals kept on an ordinary mixed diet, which is 
poor in cholesterol, are obvious. In our search for 
cholestenone we have, therefore, made use of the 
fact that brain contains a substance, the adminis- 
tration of which enables the organism to convert 
large amounts of cholesterol into coprosterol [Rosen- 
heim & Webster, 1941], By employing Girard and 
Sanduiesco’s ketone reagent, we have, under such 
conditions, been able to isolate cholestenone from 
the faeces of a dog and of rats fed on brain, and to 
characteri2;e it both chemically and physically. 

The isolation of cholestenone from faeces after 
feeding on brain necessitated a search for its possible 
occurrence in brain itself. The ultra-violet absorp- 

tion spectra of cholesterol fractions obtained from 
various organs had been examined by Page & 
Menschick [1930 a, 6; 1931], who were unable to 


find the characteristic absorption band of chole- 
stenone at 2400 A, in cholesterol prepai^ed from 
normal brain. Their results do not, however, exclude 
the presence of traces of cholestenone which would 
have been removed by the solvents used in the 
preparation of the various cholesterol fractions. 
We therefore subjected brain to the treatment 
which led to the isolation of cholestenone from 
faeces. Although we obtained evidence that traces 
of a substance absorbing at 2380 A occur in brain, 
w© were unable to characterize it as cholestenone. 
In view of its small amount, the possibility that 
this imidentified substance may be the source of 
the relatively large amount of cholestenone isolated 
from faeces after the administration of brain must 
be considered as remote. 

Whilst this work was in progress, Marker, Witt- 
becker, Wagner & Turner [1942] succeeded in iso- 
lating -coprosterol from the faeces of a dog on 
a normal diet, thus bringing further support to the 
view that cholestenone is an intermediate in the 
formation of coprosterol in the organism. 


EXPERIMENTAL 


Cholestenmefrom rats' faeces. Bats of our Institute strain 
of Wistar rats and of the average weight of 200 g. were 
used. Six rats were kept on a diet of steamed sheep’s brain 
and bone meal for 4 days, each rat consuming ca. 30 g./day 
of the diet. The housing of the animals, the preparation 
of the diet and the collection of the faeces have been 
described previously [Rosenheim & 'Webster, 1941]. 

The faeces of the last 3 days (140 g. moist) were collected, 
dried m vacuo over cone. H 2 SO 4 and exhaustively extracted 
with ether in a Soxhlet. The lipids (23-5 g.) yielded on 
saponification •15-2 g. of unsaponifiahle matter, which was 
dried in a high vacuum. 14 g. of the unsaponifiable fraction 
in acetic acid-ethanol solution were treated with 5 g. of the 
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^ T ’ reagent of Girard ' & SandiileseO' , [1936]. _ -TEe' 'ketonic 
fraction, a yellowish oil weighing 0*4596 g.V was dissolved 
in 25 mi. ethanol and its ultra-violet absorption examined. 
The absorption curve plotted from a 1 :1000 dilution showed 
the characteristic absorption band of cholestenone with a 
well-defined maximum at 2400 A, the intensity of which, 
on comparison with a standard curve, indicated 0*144 g. 
cholestenone. The ketonic fraction, therefore, contained 
31% and the unsaponifiable matter 1% cholestenone. In 
seveip<l similar experiments spectroscopic examination of 
the unsaponifiable fractions indicated variations of from 
1 to 1*9% cholestenone. 

The identity of the absorbing substance with chole- 
stenone was established by the preparation of its well- 
crystallized o-tolylsemicarbazone [Rosenheim & Starling, 
1937]. The solution of the ketonic fraction was mixed with 
a solution of 200 mg. of o-tolylsemicarbazide in ethanol 
containing 5 drops of acetic acid. After 24 hr. the semi- 
ear bazone had separated in hard, slightly yellowish aggre- 
gates of needles, weighing 0*2054 g., m.p. 238-239°, 
corresponding to 0*148 g. cholestenone. The m.p. rose to 
240-241° after one recrystaUization from butanol. A further 
llization from dioxan gave colourless clusters of 
of cholestenone-o-tolylsemicarbazone, m.p. 242- 
243°, not depressed in admixture with an authentic speci- 
men. Found: N, 7*9 %. Calc, for C35H53ON3: N, 8-0%. 

Cholestenone from dogs'* faeces. Our previous failure to 
induce coprosterol excretion in dogs fed on raw brain, 
whilst- a diet of cooked brain, given to rats, raised the 
excretion of coprosterol to 80% of the faecal sterols 
[Rosenheim & Webster, 1941], led us to repeat the experi- 
ment with dogs fed on cooked, instead of on raw, brain. 
A male Airedale terrier, weighing 16 kg., under the care 
of our colleague, Dr G. L. Brown, received steamed sheep’s 
brain mixed with 4 % bone meal as his sole food for 4 days, 
and consumed ca. 350 g. brain/day. The faeces (310 g. 
moist) of the last 3 days, dried in vacuo Sind extracted with 
ether, yielded on saponification of the ether residue 25*2 g. 
of unsaponifiable matter as a semi-crystalline mass. On 
analysis by the gravimetric digitonin method, it was found 
to contain 16*4 g. sterols, of which 80*5% consisted of 
coprosterol. The cause of the strikingly different results 
obtained on feeding raw and cooked brain remains un- 
explained. 

A solution of 20 g. of the unsaponifiable fraction was 
treated with the Girard-Sandulesoo reagent as above de- 
scribed and yielded 0*810 g. of a ketonic fraction. The 
ultra-violet absorption curve of the latter in alcoholih solu- 
tion showed a sharply defined maximum at 2400 A, indi- 
cating 0*203 g. cholestenone on comparison with a standard 
curve. The cholestenone content of the unsaponifiable 
fraction was, therefore, 1% and of the same order a;s in 
the case of the rats. The o-tolylsemicarbazone was prepared 
by the method above described and crystallized in colour- 
less needles, m.p. 242-243°. Found: IST, 8*2%. Calc, for 
GAON,:N,S‘0%. 


Coprosterol from dogs'* faeces. The non-ketonic fraction 
yielded 9*6 g. coprosterol, m.p. 98-100° on a single re- 
crystallization from acetone-methanol solution. Copro- 
sterol may be conveniently prepared directly from the 
faeces of dogs fed on cooked brain by mixing them with 
anhyd. CaS04 and extracting the dry product several times 
at room temperature, with acetone (cf. preparation of 
cholesterol from brain [Rosenheim, 1906]). The extracts are 
passed through a column of norit, freed from solvent and 
the colourless residue recrystallized from a mixture of 
acetone and methanol (2:1). This procedure, which is based 
on the fact that coprosterol occurs unesterified in faeces, 
yields a cleaner product than the usual method in which 
the lipidal impurities, introduced by the saponification of 
the primary ether extracts, complicate the purification of 
coprosterol. 

Search for cholestenone in hrain. 500 g. of minced ox 
brain were mixed with 1500 g. anhyd. CaS04. The hardened 
small lumps were extracted with 1200 mi. acetone at room 
temperature for 24 hr. and the extraction repeated 6 times. 
The extracts were taken to dryness in vacuo and the crystal- 
line residue saponified, in ethereal solution with an ethanolic 
solution of sodium ethoxide at room temperature. The 
ethereal solution, freed from soaps, was washed with dilute 
H2SO4 and HgO. The crystalline residue (11*4 g.), obtained 
after removal of ether, was dried in a high vacuum and 
treated with the Girard-Sandulesco reagent as above de- 
scribed. Only traces of an oily ketonic fraction, weighing 
28 mg., were obtained. Spectroscopic examination revealed 
a sharply defined absorption band with a maximum at 
2380 A, the intensity of which, calciilated as cholestenone, 
would indicate 7 mg. The identity of the absorbing sub- 
stance with cholestenone, however, is doubtful since its 
characteristically insoluble o-tolylsemicarbazone could not 
be obtained. The suggestion, that the unidentified substance 
present in the calcified wall of the aorta and absorbing at 
the same wave-length [Rage & Menschiok, 1930c&] may also 
occur in brain, may have to be considered. The fact that 
this substance is precipitable by digitonin [Schoenheimer, 
1932] excludes its identity with cholestenone. 

SUMMARY 

The occurrence of cholestenone, characterized by 
its ultra-violet absorption and the preparation of 
cholestenone -o-tolylsemicarbazone, in the faeces of 
the dog and of the rat, after feeding on brain, has 
been demonstrated. The view that cholestenone is 
an intermediate in the conversion of cholesterol 
into coprosterol by the animal organism thus re- 
ceives fuidher confirmation. 

We are indebted to Mr V. H. Parker for the ultra-violet 
absorption measurements and our thanks are due to Mr 
W. W. Starling for efficient assistance. 
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The Availability of the Acetyl Derivatives of Lysine for Growth 

By A. NEUBERGER and F. SANGER (Berm W. Levy Student), Biochemical Laboratory, Cambridge 

(Received 12 June 1943) 


The biological behaviour of the amino -acid lysine 
is abnormal in several respects. In a number of 
experiments with isotopic nitrogen and, hydrogen 
Schoenheimer and his collaborators [Foster, Schoen- 
heimer & Rittenberg, 1939; Schoenheimer, Ratner 
& Rittenberg, 1939 a, h; Weissman & Schoenheimer, 
1941] have shown that, unlike most amino -acids, 
lysine does not accept N from other nitrogenous 
compounds, nor could deuterium be introduced 
metabolically into this molecule. It appears that 
even the first stages of lysine metabolism are irre- 
versible. Until now no substances other than 
Z-lysine have been found that will support the 
growth of young rats on a lysine -deficient diet. 
Berg [1936] has shown that d-lysine, which does 
not occur in nature, cannot replace the natural 
Z-isomer. The a-hydroxy analogue of lysine is equally 
ineffective [McGinty, Lewis & Marvel, 1924]. All 
other =a-h 3 ?'di'ox 5 ^ analogues of essential amino-acids 
that have been studied, with the exception of that 
of cystine, can replace the corresponding amino -acid 
in the diet. Gordon [1939] has shown that neither 
a-dimethyl lysine nor a-monomethyl lysine will 
support growth on lysine -deficient diets. Neither of 
the mono -acetyl derivatives of lysine has previously 
been synthesized, and it was thought it would be 
of interest to see if they can be converted to lysine 
in the body. 

Acetjd amino -acids are of especial interest in con- 
nexion with the theory of Knoop [1910], which 
assumes that they may be intermediates in the 
synthesis of amino-acids from a-keto acids, du 
Vigneaud, Cohn, Brown, Irish, Schoenheimer & 
Rittenberg [1939] have recently, revived this theor^^ 
and produced additional evidence in support of it. 

The deacetylation of a-acetyl-amino -acids ap- 
pears to be a fairly general reaction in the body. 
The cc-N-acetjd derivatives of Z-trj^ptophan [du 
Vigneaud, Seaiock & van Etten, 1932], and dU 
phenylalanine [Carter, Handler, Binkley, Fishback, 
Risser & Weisiger, 1938], have been shown to re- 
place the respective amino -acid in the diet and 
du Vigneaud, Loring & Craft [1934] have shown 
that diacetjd- and diformyl -cystine are converted 
to cystine in the body. Similarly acetyl-Z-homo- 
cystine [du Vigneaud, Dyer & Jones, 1937] and 
formyl-l-methionine [Jackson & Block, 1933] can 
replace methionine in the diet. The results of 
Kimura [1929] also suggest the presence, in most 


organs, of an enzyme capable of deacetylating 
amino -acids. It thus seemed likely that the a-acetyl 
lysine, at least, would be converted to lysine in the 
body; however, here again, it was found that lysine 
behaves differently from other amino -acids. 

METHODS 

Chemical 

Preparation of acetyl lysines. For the synthesis of the 
a-, and e-acetyl derivatives of lysine, use was made of the 
fact that in the copper complex of B^sine the a-NHg and 
the COOH groups are bound in a stable chelate structure 
to Cu, whereas the e-NH2 group is free and can react with 
acylating reagents [Kurtz, 1938]. c-acetyl lysine was pre- 
pared by direct acetylation of the Cu complex, a-acetyl 
tysine was prepared through e-carbobenzoxy lysine. The 
latter had already been prepared by Bergmann, Zervas & 
Ross [1935]. It can, however, be much more conveniently 
prepared in about the same yield by treating the Cu 
complex with carbobenzoxy chloride. The product is quite 
insoluble, and after treatment with H2S, e-carbobenzoxy 
lysine can be isolated. This is acetylated in the oc position, 
and the carbobenzoxy group removed by catalytic hydro- 
genation. 

(а) €-N -acetyl-l-lysine. Excess (basic) CuCOs was added 
gradually to a boiling solution of Z-lysine sulphate (1*9 g.). 
After cooling, the solution was filtered. 1 equiv. of Ba(OH)2 
(1*7 g.y was then added, and the solution cooled in ice. 
Then acetic anhydilde (1*2 g.) and Ba(OH)2 (2*2 g.) were 
added in portions over 30 min. with shaking and cooling. 
After standing for 30 min. at room tempei^ature, 0*34 ml. 
(0-63 g.) H2SO4 was added, and HaS passed through the 
solution. The BaSO^ and CuS were filtered off, and well 
washed by resuspending in boiling HgO. The filtrate and 
washingsi were combined and concentrated to about 20 ml. 
and excess of Ba++ or SO4” removed. The solution was 
evaporated to dryness, the residue dissolved in a minimum 
of hot HgO and absolute ethanol added till there was a 
faint cloud. On cooling, the acetyl lysine crystallized in the 
form of flat plates. It was filtered off and washed with 
aqueous ethanol, absolute ethanol and ether. Yield 0-6 g. 
Another 0*4 g. could be obtained by working up the mother 
liquors, matog a total yield of 1-0 g. or 55% of the 
theoretical value, (m.p. 249-253° (decomp.). (a)j) = 3*4° 
±0-2 (c“4-0). Found: C, 50*9; H, 8-7; N, 14-6%. Calc, 
for CgHisOsN.^: C, 51-0; H, 8-5; N, 14-9%. Amino N (van 
Slyke): found: 748. Calc,: 7-45%.) 

It formed an insoluble derivative with pliosphotungstic 
acid, but no insoluble picrate. 

(б) €-N-carhohenzoxy-\dy$me. 1-8 g. blysine monohydro- 
chloride was treated with excess CuCO^ as above. 5 mi. %N 
NaOH was added, and the dark blue solution cooled in ice. 
Carbobenzoxy chloride (2 ml.) and 2N NaOH (10 ml.) were 

33-2 
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addeti in ten portions over 30 min. with shaking and 
cooling, care being taken not to allow the solution to 
become too allvaiine. The Cu complex, which separated as 
a blue precipitate leaving a colourless solution, was filtered 
off and washed well with H 2 O and ethanoh It was sus- 
pended in 200 mi.' of H 2 O, and H^S passed in with me- 
chanical shaking. The solution was then brought to the 
boil and filtered hot. On cooling, the e-carbobenzoxy lysine 
crystallized in fine needles. After standing in the refri- 
gerator overnight it was filtered off; a Httle more could be 
obtained by evaporating the mother liquors to a small 
volume. Yield was 80% of the theoretical, A sample 
recrystailized from HgO showed (a)j[) = 14*4° {r = 1*6) in two 
equivalents of HCl. This agrees with the value 14*0° found 
by Bergmann et al. [1935]. 

(c) €-N-carhobenzoxy~ai-N-acetpl-i4ysine. 2*2 g. c-lST-car- 
bobenzoxy Z-lysme were dissolved in 10 ml. N NaOH and 
cooled in ice. T5 ml. acetic anhydride and 20 ml. A NaOH 
were then added in ten portions over 30 min. with shaking 
and cooling. After standing at room temperature for 
20 min. the solution was neutralized with HCl, and ex- 
tracted with ether. The ether layer was discarded, and the 
aqueous layer made acid to Congo red. This precipitated 
the €-carbobenzoxy-a-acetyl lysine as an oil, which w^as 
extracted with ethyl acetate. The extract was dried and 
evaporated to dryness, leaving an oil which was used 
directly for the preparation of a-acetyl lysine. To obtain 
the €-carbobenzoxy a-acetyl lysine in a crystalline form, 
the ethyl acetate solution was extracted with dilute 
NaHCOa*. This was then acidified and the oil again ex- 
tracted into ethyl acetate. After drying, the ethyl acetate 
solution was evaporated to dryness, and the resulting clear 
oil crystallized on standing overnight-. It could be re- 
crystallized by dissolving in ethanol and adding H 2 O 
gradually. The product which crystallized slowly did not 
melt sharply; m.p. 105-115°. 

(d) ol-N - acetylA-lysine, The dry oil obtained from 2-2 g. 
€-carhobenzoxy lysine was dissolved in ethanol, and a drop 
of acetic acid and a few ml. HgO were added. It was then 
hydrogenated in the usual way. The a-acetyl lysine," which 
usually crystallized from the filtered and concentrated 
solution directly, was taken up in a small volume of H 2 O, 
which was then concentrated in a desiccator till it started 
to crystallize. Absolute ethanol was added to complete 
the separation. The yield of pure a-acetyl lysine was 0*8 g., 
and a further OT g. was obtained by adding ether to the 
mother liquors, which made a total of 0*9 g. or 62% of 
the theoretical value from e-carbobqnzoxy lysine. The 
overaU yield from Wysine was 46% . (m.p. 250° (decomp.). 
{a)j)=4*7° (c=44). Found: C, 50-4; H, 8*6; N, 14*5%. 
Calc, for CgHigOaNa: C, 51-0; H, 8*5; N, 14-9%.) 
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Biological 

, Animals. Young, recently weaned male rats of a piebald 
type were used. They weighed 30-50 g. at the beginning 
of the experiment. In each experiment three groups, each 
of two to ' three animals, were used, each group being 
constituted of the littermates of the animals in the other 
two groups. 'One group received the basal diet alone, 
another the basal diet supplemented by pure lysine, while 
the third group was given the basal diet together with the 
substance und.er test. The control groups were necessary 
because of the variation in growth response to the addition 
of supplements, from litter to litter. 
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Diet. The basal lysine- deficient diet, which was fed ad lib., 
was constituted as follows: 

Starch 61 % Lard 5 % 

Gliadin 18 % Cod-liver oil 1 % 

Arachis oil 10% Salt mixture (McCollum) 5% 

In addition, each animal received daily a mixture con- 
taining 30 ^g. aneuriii, 30/ig. |)yridoxin, 50p,g. riboflavin, 
100 jag, Ca-<f-pantothenate, 1 mg. nicotinic acid, 1 mg. 
inositol, 3 mg. choline chloride, and 0T5 ml. of an aqueous 
concentrate of whole liver, corresponding to 2 g. fresh tissue. 

EESULTS 

Effect of oral administration of amino -acids . 

Rats fed on the basal diet alone failed to grow, but 
if 40 mg. Z-lysine monohydrochloride were added 
to the daily ration the animals grew at the rate of 
1-2 g./day, showing that- lysine deficiency was the 
factor which limited growth. Addition of more than 
40 mg./day of Z-lysine monohydrochloride had no 
further effect on the growth rate. 

The analytically pure acetyl lysines were fed at 
the rate of 42 mg./day, which is equivalent to a 
daily supplement of 40 mg. Alysine monohydro- 
chloride. The rats entirely failed to grow writh oral 
a-acetyl lysine (Fig. 1), whereas with lysine they 
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Fig. 1. The availability of a-N-acetyi-Llysine for growth. 
The arrows indicate a change of diet. The weights of the 
animals at the beginning and end of each feeding period 
are shown in brackets. The diets fed to the animals were 
as follows: A, basal 18% gliadin diet; .B, basal diet + 

- 42 mg. a-N-acetyl-Wysine/day; C, basal diet + 40 mg. 

Llysine monohydrochloride/day, 

grew about 1*5 g./day. This clearly shows that 
a-acetyl lysine camiot effectively replace lysine in 
the diet. 

On the other hand, the growth rate with 42 mg. 
€-acetyl lysine was almost as great as with lysine 


Yol. 37 

(Fig. 2), and when 84 mg. were fed, the growth was 
equal to that with lysine; thus e-acetyl lysine can 
be converted to lysine in the body to a considerable 
extent, although probably not c|uantitatively. 


(59) 



Days 


Fig. 2. The availability of e-N-acetyl-blysine for growth. 
The arrows indicate a change of diet. The weights of 
the animals at the beginning and end of each feeding 
period are shown in brackets. The diets fed to the animals 
were as follows: d, basal 18% gliadin diet; G, basal 
diet + 50 mg. Z-lysine monohydrochloride/day ; D, basal 
diet +42 mg. €-N- acetyl- Wysine/day; J/, basal diet + 
84 mg. €-N-acetyi-Z-lysme/day. 
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failure to be absorbed from the gut. Fiirthermor©, 
e “Acetyl lysine may have been able to replace lysine 
because it was hydrolyzed to lysine by bacteria in 
the intestine. The acetyl lysines were therefore 
injected intraperitoneally into rats, any changes 
that may take place in the gut thus being avoided. 
Conrad & Berg [1937] have shown that when lysine 
is fed in one dose each day it gives the same growth 
response as when it is fed in half the dose twice 
daily; they also showed that better results are ob- 
tained if the daily dose is given in two injections at 
12 hr. intervals. In our experiments the rats fed 
on the basal diet were given two daily injections of 
a solution containing 21 mg. acetyl lysine. The 
results (Fig. 3) confirm those of the feeding experi- 
ments, and thus show that the differences then 
observed were not due to any reaction which may 
take place in the gut. 

DISCUSSION 

The feeding experiments demonstrate that for the 
young growing rat, e -acetyl lysine can replace 
Z-lysine in the diet; this is presmnably due to its 
conversion mto lysine by deacetylation to give its 
parent amino -acid. a-Acetyl-Z-lysine, however, is 
not appreciably converted. This may be due to its 
not being broken down at all. This seems unlikely 
since other a-N -acetyl-amino -acids can be meta- 
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Fig. 3. The effect of intraperitoneal injection of the acetyl 
lysines. The arrows indicate a change of diet. The weights 
of the animals at the beginning and end of each feeding 
period are shown in brackets. The diets were' as follows: 
A, basal 18% gliadin diet; B, basal diet +42 mg. a-JSf- 
acetyl-Z-lysine (fed)/day; B', basal diet + 21 mg. a-N- 
acetyl-Z-lysine (inj ected twice daily) ; D, basal diet + 42 mg. 
e-N-acetyl-Z-lysine (fed)/day; D', basal diet + 21 mg. 
e-N-acetyl-Z-iysine (injected twice daily). 

Effect of parenteral administration of amino -acids 

It appeared possible that the reason why a-acetyl 
lysine did not effectively replace lysine was its 


bolized very readily. A more likely explanation is 
that it is oxidized, presmnably at the e-NHg, before 
deaeetylation can take place, whereas with the 
€ -acetyl compound deacetylation takes place more 
readily than oxidation of the a-NH 2 • If we assume 
that the rate of deacetylation is about the same in 
both cases, then it would appear that the e-NHg is 
more readily oxidized than the a-NHg, and this 
may be true for lysine itself, which suggests that the 
initial breakdown of lysine may take place at the 
e-NHg and not at the a-NHg group. However, it is 
probably unwise to compare the metabolism of the 
acetyl-lysines, in which one NHg is masked, with 
that of lysine itself, since the action of enzymes will 
probably be affected by the presence of additional 
free NHg groups. 

The results with a-acetyl lysine are of interest in 
connexion with the acetylation theory of Knoop 
[1910]. Since a-acetyl lysine, the assumed inter- 
mediate in lysine synthesis, caimot be converted 
into lysine, this would explain the fact that lysine 
cannot be synthesized in the body from the corre- 
sponding hydroxy or keto-acid, and that N^^ 
cannot enter the a-NHg of lysine. However, 
it was not suggested by Knoop, and it seems 
unlikely, that acetylation combined with reduc- 
tive amination is the only method of amino ^acid 
synthesis; but our results do seem to lend support 
to the theory. 
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2. ' €-N-ac 0 tyl 4-lysine is available for the growth 
SUMMARY Qf lysine deficient diet, whereas a-N- 

1. Methods are described for , the synthesis of aeetyl-Mysine is not so available. 

jarbobenzoxy lysine, a-N-acetyl lysine and e-N- One of ns (A. N.) wishes to thank the Medical Research 
3 tyl lysine from the copper complex of lysine. CoTincil for a personal grant. 


€-carbobenzoxy lysine, a-N-acetyl lysine and e-N' 
acetyl lysine from the copper complex of lysine. 


REFERENCES 


Berg, C. P. [1936]. J. Nutrit. 12, 671. 

Bergiiiann, M., Zervas, L. & Ross, W. P. [1935]. J. hiol. 
Chem. Ill, 245. 

Carter, H. E., Handler, P., Binkley, E., Fishback, H., 
Risser, W. & Weisiger, J. [1938]. J. biol. Ghem. 123, 

XX. 

Conrad, R. M. & Berg, C. P. [1937]. 4. Nutrit. 14, 
35. 

Foster, G. L., Schoenheimer, R. & Rittenberg, D. [1939]. 
J. Mol GUm. 127, 319. 

Gordon, W, G. [1939]. 4. Mol Ghem. 127, 487. 

Jackson, R. W, & Block, R. J. [1933]. Proc. Soc. exp. BioU 

Kimtira, H. [1929]. 4. Biochem., Tokyo, 10, 207. 

Knoop, P. [1910]. Hoppe-Seyl Z. 67, 489. 

Kurtz, A. C. [1938]. 4. hiol Ghem. 122, 477. 


McGinty, D. A., Lewis, H. B. & Marvel, C. S. [1924], 
4. biol Ghem. 62, 75. 

Schoenheimer, R., Ratner, S. & Rittenberg, D. [1939a]. 
4. biol Ghem. 127, 333. 

[19396]. 4. hiol Ghem. 130, 703. 

du Vigneaud, V., Cohn, M., Brown, G. B., Irish, 0. J., 
Schoenheimer, R. '& Rittenberg, D. [1939]. 4. biol 
Ghem. 131, 273. 

Dyer, H. M. & Jones, C. B. [1937]. 4. hiol Ghem. 

119, 47. 

Loring, H. S. & Craft, H. A. [1934]. 4. hiol. Ghem. 

107,519. 

Sealock, R. R. & van Etten, C. [1932]. 4. hiol. Ghem. 

98, 565. 

Weissman, N. & Schoenheimer, R. [1941]. 4. hiol Ghem.. 
140, 779. 


The Thermal Decomposition of Aneurin and Co-carboxylase 
at Varying Hydrogen Ion Concentrations 

By R. G. BOOTH, Research Station, Ministry of Food, Old London Road, St Albans 

(Received 1 July 1943) 


Molitor & Sampson [1936] have stated that pure 
aneurin (vitamin hydrochloride) in aqueous solu- 
tion at pH 3*5 may be heated to 120 ° without 
undergoing decomposition. Foodstuffs containing 
aneurin are rarely if ever prepared, cooked and 
eaten in such an acid condition, and this observa- 
*tion, therefore, is nutritionally of little practical 
importance. Farrer [1941] has made an extensive 
study of the effect of pH’s ranging from 3 to 9 upon 
the destruction of aneurin in solution at 100 ° and 
finds that even at pH 3 there is 16 % loss after 1 hr. 
and 29 % after 3 hr. It may therefore be that assay 
methods were not sufficiently advanced at the time 
of publication of Molitor <& Sampson’s work to indi- 
cate with certainty the small loss which it would 
appear probable had taken place. On the other 
hand, as will be discussed more fully later, the 
buffer used by Farrer may have contained im- 
purities which catalyzed the destruction which was 
noted. Beadle, Greenwood & Kraybill [1943] have 
verbally presented details of a study similar to that , 
of Farrer, but a full account of their work has only 
just come to hand. 


Apart from these references to rate of destruction 
under specific and carefully controlled conditions 
and certain early studies [Chick & Hume, 1917; 
Sherman & Grose, 1923; Sherman & Burton, 1926; 
Guha & Drummond, 1929] there is little factual 
information in the literature on the subject apart 
from statements concerning losses on baking bread 
and in cooking a few other foodstuffs. In view of 
the fact that the fortification of foodstuffs wdth 
vitamins and other dietary essentials is being widely 
carried out (in respect of vitamin and other 
factors) it was considered desirable to determine 
such losses over a fairly wide range of conditions 
(but in the absence of oxidizing or reducing agents) 
which would serve to indicate the magnitude of loss 
to be expected in any non -pressure cooking or pre- 
paratory process (e.g. blanching) applied to food- 
stuffs. 

While wheat and some other cereals contain vita- 
as hydrochloiTde only, in other vegetable 
(e.g. soya) and most animal products Bj activity 
resides in the pjoro -phosphoric ester (co -carboxylase) 
and/or monophosphate of the vitamin in addition 
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to the free non-esterified form. Also, when a fer- 
mentation process is applied to a foodstuff (e.g. 
panary fermentation), phosphorylation of its vita- 
min takes place. In view of the uncertainty as 
to the relative stabilities of free aneurin and co- 
carboxylase it was decided to compare them imder 
identical conditions. Clearly, if there is any founda- 
tion for the suggestion of Rosenberg [1942] that the 
relatively high stability of vitamin in foods as 
measured by activity is due to the vitamin being 
present largely in this combined form, then, other 
things being equal, fortification of foods should 
preferably be carried out with co -carboxylase rather 
than with aneurin. 

The effect of metallic ions (especially Cu++) in 
catalyzing oxidation was also considered as a 
possible factor in the destruction of aneurin. There 
is no doubt that many of the more labile consti- 
tuents of foodstuffs may be profomidly affected 
during their cooking by the nature of the vessel in 
which the cooking is carried out. Therefore the 
effects of a number of metals of which cooking 
vessels are usually constructed or with which they 
are lined were compared at concentrations low 
enough to be of the same order as those which 
might be expected to occur in practice. Metals 
used in this connexion were Al, Zn, Sn, Fe, and Cu. 

EXPERIMENTAL 

Aneurin destruction. Glass ^distilled water was used 
throughout. Buffer solutions were made from Analar 
reagents as follows: 0*2 if acid potassium phthalate; 
0*2iif acid potassium phosphate; and a solution 0*2ilf in 
respect of both of the above salts. This latter mixed buffer 
was accurately calibrated for addition of N/5 acid and 
alkali using an electrometric pH meter (quinhy drone elec- 
trode) accurate to 0-02 pH, and was used to cover a range 
of pH 5-4-6*8. The accuracy of buffers made from phthalate 
and phosphate separately (after the method of Clark & 
hubs) was also regularly checked on the same meter. 

A solution of pure aneurin was prepared in glass distilled 
HgO (prewously acidified to iV/25 with HCl) to a final 
strength of 40 Such solutions have been found to 
be quite stable over periods of many months. 

Solutions of the following salts were prepared containing 
80 parts/million of the metal in each instance: CUSO4, 

ZnS 04 , FeCl3, FeS 04 , SnCb, Ala(S 04 ) 3 - 

Rate of destruction of aneui'in was studied at pH’s 
ranging from 2*4 to 74, particular emphasis being laid on 
the pH '5-7 range in view of the relative rarity of foods 
falling outside this range. 

50 ml. of the appropriate buffer solution was taken in a 
250 ml. Erlenmeyer flask and was adjusted to the desired 
pH with N/5 HCl or NaOH. In all instances insufficient 
A/5 HCl was used by exactly 1 ml. (or excess N/5 NaOH 
by 1 ml.) in order to allow for the subsequent addition of 
5 mi. of the A/25 acid aneurin solution. In appropriate 
cases, 5 ml. of the metal solution were added, and then in 
all instances the volume of solution was made up to 195 ml. 
with HgO. One or two minute fragments of porous pot 
were added and the solution was quickly brought to boiling 
point, 5 ml, of the aneurin solution (containing 200 /ig.. 


i.e. giving a final concentration of Ipg./ml.) were added 
and boiling of the solution was started immediately under 
reflux, an all-glass system being used. 

The time at which the aneurin addition was completed 
was noted and the contents of the flasks were sampled at 
the times indicated on the graphs of rate of destruction 
(Figs. 1-3) — usually after J, 1, 1|-, 2 and 3 hr. Sampling 
was carried out by momentarily x'emoving the source of 
heat from the flask, and then rapidly pipetting 20 ml. of 
the solution into a tube containing 1 ml. of cone. HCl 
immersed in cold HgO. By this means, destruction of the 
aneurin was immediately stopped. The final solution for 
assay even in the absence of destruction, would contain 
slightly less than Ipg./ml., and this amount was deter- 
mined both theoretically and experimentally to serve as a 
‘control’ value and basis for assessing the percentage 
destruction which had occurred. Experimentally it was 
determined by rapidly bringing an acid solution of aneurin 
(pH 3, cone. 1 pg./ml.) to the boil and immediately pipetting 
20 ml. into 1 ml. of cone. HCl. Theoretical and experimental 
values agreed within the limits of experimental error. At 
the conclusion of the 3 hr. boiling, all solutions after 
cooling were checked for pH. In certain instances, buffers 
of double the above concentration were used. Rates of 
destruction of aneurin in these cases were identical with 
those obtaining with the lesser concentration and are 
therefore neither graphed nor considered separately. 

Co-carboxylase destruction. Co-carboxylase (aneurin pyro- 
phosphate) cannot be estimated by the thiochrome method 
until it has been split up into phosphoric acid and aneurin. 
The plan of the experimental work had therefore to be 
substantially altered to make possible the complete hydro- 
lysis of the ester before assay was carried out. 

All estimations of co- carboxylase destruction were made 
using the mixed buffer. The co -carboxylase used was sup- 
plied by Merck and Co., Inc. (U.S.A.) and a solution con- 
taining 800pg./5ml. in A/25 HCl was prepared. The 
stability of this solution at room temperature Was equal to 
that of aneurin solution under similar conditions— there 
w^as no loss after several months. In view of the fact that 
the co -carboxylase in this solution would become converted 
to monophosphate within a short time, experiments were 
carried out on old and freshly prepared solutions, i.e. on 
monophosphate and co- carboxylase, but no difference was 
found in their behaviour. It was therefore not considered 
necessary to use fresh co-carboxylase solutions for the work. 

The setting up of the flasks was substantially the same 
as for aneurin destruction experiments-; — 40 ml. of buffer 
solution + the necessary amount of A/5 NaOH to give the 
desired pH (after the addition of the 5 ml. of A725 acid 
co-carboxylase solution) + HgO to bring the total volume 
to 155 ml. The 5 ml. of co- carboxylase solution were added 
in a similar way to that described for .aneurin, and 20 ml. 
portions were removed from the total volume of 160 ml., 
also in the same way as for aneurin. (Each 20 ml. of solu- 
tion, it should be noted, originally contained lOOpg. of 
co-carboxylase.) Each portion was run into a 100 ml. flask 
containing .sufficient N/5 HCl to bring the pH of the 
contents to 4^0-1, was diluted to approx. 50 ml. and as 
soon as its temperature had fallen to about 40“, 1 ml. of 
a solution of taka-diastase in 15 % ethanol (representing 
50 mg. of the Parke Davis standard dry substance) was 
added. Incubation at 37® overnight (16 hr.) brought about 
complete hydrolysis of the co-carboxylase; after coming to 
room temperature the contents of each flask were made up 
to 100 ml. and was assayed. 
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Vitamin assay, Vitainin assay was carried out by 
a photoelectric procedure substantially the same as has 
been detailed elsewhere [Booth, NichoUs, Kent- Jones & 
Ward, 1942]. This method has been shown [Coward, 1943] 
to have limits of error for pure solutions of aneurin of the 
concentrations encountered here as follows: 


Ko. of estimations 


In duplicate 
In triplicate 
In quadruplicate 


P=0*99 

2-60% 

2 * 12 % 

1-84% 


In a number of instances the boiled buffer + anemiu 
solutions containing aiieuiin decomposition products were 
exposed to ultra-violet light in order to ascertain whether 
thioehrome was formed during the boiling, but in no 
instance was this the case nor was anj?' fluorescence observed. 
The same was true of isobutanol extracts from these solu- 
tions. It was therefore considered unnecessary to carry 
out unoxidized ‘control’ estimations to any considerable 
extent, as the ‘control’ values were both very low and 
uniform. 

Each point on the curves represents the average of at 
least six separate determinations. Beplicates agreed very 
well; only occasionally a phenomenally high rate of de- 
struction was noted. This so far unexplained circumstance 
has been observed also by Dawson [1943], Despite all 
reasonable precautions being taken, an occasional flask 
showed marked acceleration of destruction, this not un- 
commonly being at double the rate normally observed. 
It was considered that this might possibly he due to dis- 
solved Og, but bubbling Ng through the solution for 20 min. 
before carrying out an experiment did not prevent the 
occurrence of occasional freak destruction rates, Once 
brisk ebuHition has commenced with consequent rapid loss 
of dissolved gases the risk of oxidation due to dissolved Og 
rapidly diminishes [Mapson, 1941]. Therefore as a further 
check the buffer solution was boiled under reflux for J- hr. 
before adding a solution of aneurin made up in previously 
boiled W/25 acid, the experiment being otherwise continued 
in the usual manner. Again, the absence of Og from the 
solution had no effect upon destruction rate. 


RESULTS 


111 addition, to the data presented graphically 
(Figs. 1-4), further figures were obtained which are 
not inserted on the graphs in order to avoid con- 
fusion. 

Within the limits of experimental error, no effect 
was observed upon the rate of destruction of 
aneurin at pH 5*4 in mixed M/20 phosphate- 
phthalate buffer by the addition of 2 parts/ 
million of Zn, Fe++, Fe+ + +, Sn and Al, but Cu 
caused it to be markedly accelerated. In view of 
the greater rate of destruction of co-carboxylase as 
compared with aneurin under identical conditions, 
it was considered possible that the co -carboxylase 
contained an impurity which catalyzed destruction. 
Addition of co -carboxylase to aneurin solution at 
pH S-4 at the rate of ly of co-carboxylase/ly of 
aneurin/1 ml., however, failed to accelerate the 
destruction of the aneurin. The removal of O 2 from 
the buffer solutions (prior to addition nf aneurin 


solution), either by bubbling of for 20 min. or 
by boiling under reflux for hr., affected neither 
the rate of the destruction at pH 5*4 during | hr. 
(when under the particular experimental conditions 
the maximum effect would be expected), nor the 
total amount of destruction during 3 hr. boiling. 


DISCUSSION 


It is clear both from the shape of the graphs and 
also from the evidence in respect of dissolved gases 
that primarily the destruction of aneurin at 100° is 
thermal and is affected by pH ; it is not an oxidative 
effect. The stability of aneurin in solution at room 
temperature at low pH’s where no protection is 
given against atmospheric oxidation also supports 
this view. Nevertheless, as Cu is able to catalyze 
destruction, it would appear that oxidation can be 
involved. From the point of view of food pro- 
cessing, therefore, minimal loss of aneurin is 
achieved by the employment of as low a pH as is 
practicable coupled with the avoidance of contact 
with Cu and with the minimum exposure to high 
temperature during cooking. 

It will be noted that where their respective pH 
ranges overlap, there is a considerable difference 
between rate of destruction in phosphate and 
phthalate buffer (compare Figs, 1 and 2). IVhen 
Fig. 3 (mixed buffer) enters into the comparison it 
becomes clear that phosphate exerts a protective 
effect of some kind, as destruction in the presence 
of phthalate is lessened by the simultaneous pre- 
sence of phosphate. 

On comparing the relative rates of destruction of 
co -carboxylase and aneurin under identical condi- 
tions, it is evident that the former is very much less 
stable than the latter. The reason for this is obscure, 
but it is quite definite and unmistakable and dis- 
poses of the hypothesis of Rosenberg [1942] pre- 
viously mentioned. It furthermore rules out the 
desirability on other grounds of using co -carboxy- 
lase in lieu of aneurin for fortifying foodstuffs. 

It will be noticed that Farrer [1941] obtains 
destruction rates (using citrate, phosphate and 
biborate buffers) in most cases roughly double those 
reported here. He also mentions that his figures 
‘show that aneurin is considerably more \ailnerabie 
to heat than results obtained by means of animal 
experiments would suggest’. While the figures re- 
ported here are still somewhat in excess of those 
reported by Sherman & Burton [1926], concordance 
is very much greater. It must also be borne in mind 
that Sherman & Burton’s figures were obtained at 
a time when biological assays were not susceptible 
of the accuracy obtainable , at present and in fact 
at a time when differentiation of the B group of ' 
vitamins had not gone very far. 

The shape of the curves in Fig. 2 is worthy of 
comment — so far no reasonable explanation has 
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been foimd for the pronounced sigmoidal tendency 
at pH's 5’8 and 6-0, nor for the peculiar ‘step’ in 
the 0'4 curve. 

While it is evident that to apply the figures pre- 
sented here, obtained under rather artificial condi- 
tions, to foodstuffs in general would be unwarrant- 
able, nevertheless there is evidence that they give 
a reasonable indication of the order of loss to be 
expected. For example, Moir [1942] finds a loss of 
5-10 % of aneurin in oatmeal on boiling for 30 min., 
while he reports the pH of oatmeal to approximate 
closely to 6. Slater & Eial [1942] also find a small 
amount of destruction in domestic cooking of 
porridge. A rough average of the figures indicated 
by Figs. 1-3 gives an expected loss of about 12 % — 
if speculation may be allowed, the possibility of the 
antioxidant in oats reducing destruction, and/or 
the fact that porridge is not briskly boiled and may 
therefore ^fall short of 100° might be considered. 
Dawson & Martin [1941] find a loss of 8 % of vita- 
min Bi in breadmaking, Hoffman, Schweitzer & 
Dalby [1940] find 5-9%, Aughey Daniel [1940] 
find 14% loss, while Schulz, Atkin & Frey [1942] 
place baking loss at approximately 20 % , which at 
a pH of approximately 5- 7-5- 8 again agree well 
with the order of loss indicated here. 

Aughey &; Daniel [1940] also studied aneurin 
losses on cooking vegetables and determined pH’s 
of the cooking liquors in some cases. While such 
pH’s may not adequately represent the pH of the 
foodstuff cooked, significant support is given for 
the validity of the figures in Figs. 1-3- by pH and 
heat losses on cooking peas (9 % loss on simmering 
12 min. at pH 6-4) and snap beans (18% loss on 


simmering 40 min.- at pH 5*8). A peculiar feature 
Of their series of results is the father inexplicable 
absence of destruction of aneurin in navy (dried) 
beans cooked for; almost li hr. . / 

The increase in destruction of aneurin in foods 
occasioned by the addition of sodium bicarbonate 
is well known (e.g. Aughey & Daniel [1940] ,* Fineke 
[1941]; Barackman [1942]) and' can be completely 
accounted for by the pH shift which it causes. 

SUMMAEY " 

1. The destruction rates of aneurin and co- 
carboxylase in various buffers at 100° have been 
followed by means of the thiochrome method of 
estimation. 

2. The effect of traces of various metals and of 
atmospheric oxygen upon the destruction rate have 
also been compared. 

3. Co -carboxylase is very much more thermo - 
labile than aneurin at the same pH. 

4. While Cu at the rate of 2 parts/million 
catalyzes the destruction of aneurin, Fe, Al, Zn, 
and Sn do not. 

5. Destruction of aneurin appears to be for the 
most'* part non-oxidative in nature. 

6. Comparison of the figures obtained in ( 1 ) with 
published figures by other authors of losses on 
cooking various foodstuffs shows reasonably good 
agreement. 

My thanks are due to Dr T. Moran and Prof. R, A. Peters 
for their advice and criticism and to the Misses Maureen 
O’Sullivan and Rosemary Broome for technical assistance. 
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Vitamin E Deficiency in the Rat 

V. UTERINE CHANGES IN CHRONIC DEFICIENCY 

By M. M. O. BABRIE Department, of Pharmacology, University of Toronto, Canada 

{Received 28 July 1943) 


In a previous paper [Barrie, 19386] I described the 
degenerative pigmentation of the uterus produced 
in the rat by chronic vitamin E deficiency, which 
was first observed by Martin & Moore [1936, 1938]. 
It seemed important to find out whether or not this 
condition could be cured, at any stage of its develop- 
ment, by administration of vitamin E, and biopsies 
of the Uterus at various stages before and during 
treatment have therefore been carried out. 


EXPERIMENTAL 

Laparotomy was performed under etlier anaesthesia and a 
small portion of the left horn of the uterus was removed. 
This entailed removal of the left ovary. In one case, 
rat 1081, the ovary was implanted in the peritoneum. The 
whole operation was carried out under strictly aseptic 
conditions, the wound being kept as small as possible. 

Twenty -nine vitamin E -deficient rats were chosen, aU of 
which had received from the time of weaning the same 
vitamin E-free diet, E5 [Barrie, 1938 a], but for varying 
periods ranging up to 10 months. The animals ' received 
daily doses of a vitamin E concentrate or synthetic dZ-a- 
tocopherol for a period of approximately 2 weeks following 
operation. In 18 of the rats the pi’ocedure was then re- 
peated, the old wound being reopened and another piece 
of the uterus being removed; a third operation was per- 
formed on two of these animals. There was no sepsis and 
no deaths in any of the 49 operations. 

After further treatment with vitamin E, the animals 
were mated and then killed either at the end of the re- 
sorption, or after the litter had been weaned. The last dose 
of vitamin E was always given on the day of mating* 

One of the operated rats, 1081, did not become pregnant 
in spite of five matings with different males when it was on 
full oestrus. The animal was killed and a post-mortem 
examination was made, but no abnormality other than the 
uterine discoloration was fomid. Another animal, 1541, 
was exceptional in that it never came on oestrus following 
operation; anoestrous smears were obtained on 73 con- 
secutive days, after which it was killed and post-mortem 
examination revealed a cyst on the remaining ovary. 

The size and colour of the pieces of uterus removed at 
operation were carefully noted at the time of removal; they 
were then fixed in Kaiserling’s fluid. The colour was 
restored by treatment with 1 % (w/v) sodium hydrosulphite 
in Njl NaOH^ after which the pieces were washed with 
water and transferred to glycerine. In this way the pieces 
of uterus removed at different stages could be compared 
directly as well as by comparison of the n6tes made at the 
operations. It was found that the colour of the uterus 
varied from the normal pinkish white to deep chocolate 
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brown, and a scheme of assessment of the degree of pig- 
mentation was drawn up as follows: 

Colour Buting 

Normal (pinkish white) 0 

YeUow 1 

Bark yellow or orange 2 

Orange brown 3 

Bed- brown or brovui 4 

Chocolate brown 5 

Most of the animals received a small dose of synthetic 
dLa-tocopherol and a larger dose of vitamin E concentrate, 
1 ml. of the concentrate being equivalent to 8*75 mg. of 
the dLa-tocopheroI when measured by the amount required 
to maintain pregnancy in vitamin E-free rats. All the doses 
were given on consecutive days (omitting Sundays) in the 
period between operations. The concentrate was given 
undiluted in doses of 0-25 or 0*5 ml., and the dLa-tooopherol 
as a solution in sesame oil, 10 mg./ml., the daily dose 
being 0-25 ml. 

RESULTS : 

Tables 1 and 2 summarize the ease histories of all 
the rats, the animals being arranged in groups 
according to age. The day of the first biopsy is 
called day 1, and all other stages of the experiment 
are given in days from this point. 

The doses of vitamin E given are expressed in 
terms of 4La-tocopherol and the amount received 
between^ operations is given in addition to the total 
dose. Where there were several matings and no 
pregnancy ensued, the niunber of matings is re- 
corded, but not the actual days of mating. In these 
cases the final examination was delayed as it was 
not considered desirable to kill the animals until it 
became certain that they were infertile. Where there 
was more than one mating before implantation 
took place, the day of the last mating is recorded, 
followed by the nmnber of matings in brackets. 

Table 3 summarizes Tables 1 and 2. The animals 
are again grouped according to age, but the average 
rating of each of these age groups has been cal- 
culated, first at the beginning of the experiment and 
then after treatment with vitamin E. The results 
of treatment are divided into those in which treat- 
ment was followed by a successful pregnancy and 
those in which it was followed by resorption or 
birth of a dead litter. These groups are of necessity 
very small as they become subdivided according to 
response; for this reason, no statistical interpreta- 
tion has been attempted. The figui’es give a clear 
indication that treatment with vitamin E alone has 
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Table 1. The individual uterine condition^ spacing of 
history of vitamin E -deficient female rats before 

Time of 

Uterine condition operation 

(day) 




Eat no. 
1137 
1216 
1241 
1091 

1541 
1081 
1079 
1482 

1542 
1448 
1540 
1484 
1904 

1537 

1707 
1539 

1538 
1671 
16^8 

1708 
1917 
1903 
1715 
1954 
1961 
1844 
1837 
1831 
2081 


operations and time of mating, and the gestational 
, during and after treatment with vitamin E 

Uterine 

Time of condition 

mating post- 

^day) Result of mating mortem 

48 Resorption 3 

46 ^ ^ 

42 Litter 1 (still-born) 5 - 

47 Resorption 3 


1 26 

48 

1 21 34 

46 

1 23 

42 

1 25 

47 

1 " 

— 

1 25 

— 

1 25 

48 

1 

20 (5 mates) 

1 

20 

1 25 

51 

1 

20 

1 

30 

1 

20 (2 mates) 

1 24 

41 

1 25 

49 

1 23 

40 

1 23 

40 

1 13 

29 (2 mates) 

1 19 34 

66 (5 mates) 

1 14 

30 

1 

19 (4 mates) 

1 

57 (2 mates) 

1 23 

42 

1 

15 

1 

15 (3 mates) 

1 25 

55 

1 13 

25 

1 13 

25 (2 mates) 

1 

29 (3 mates) 


Result of mating 
Resorption 


Resorption 
Litter 1 
Resorption 
Litter 3 (2 still-born) 
» 5 . 

Resorption 
Litter 7 
,, 2 
„ 7 

„ 3 

„ 4 

Resorption 
Litter 5 
Resorption 
Litter 6 


Resorption 
Litter 4 

" „ ' 7 , 

„ 7 (1 still-born) 

» 3 

„ 6 


Table 2. 
(in 


The distribution and toted doses of vitamin E given to vitamin E -deficient female rats 
terms of dl-a-tocopherol), and the. period an a vitamin E-free diet before operation 
Vitamin E given (as mg. d?-a-tocopherol) 

As conqentrate m ^ i •. 




Months 
on diet 
10 
10 
9 
8 
8 
8 
8 
8 
8 


Between 
Op. 1 
and Op. 2 
35 
96 
88 
35 


Between 
Op. 2 
and Op. 3 


Between As tocopherol 


Total dose 


last Op. 
and mating 
40 
0 
0 
40 
61 
0 
40 
66 
61 
40 
61 
61 
48 
83 
40 
0 
0 
57 
0 
0 
48 
48 
0 
48 
105 
30 
0 
0 
83 


on day 
of mating 


As con- 
centrate 
75 
96 


As dl-a~ 
tocopherol 
5 
20 


* These doses were dZ-a-tocopheroL 
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Table 3. The average effect of treatment with vitamin E on the uterine colour rating of 
vitamin E -deficient rats treated after varying periods on a vitamin E -free diet 


Months 

Average 

No. 

Average 
ratitig after 

on diet 

rating 

of rats 

treatment 

4 

0-0 

1 

__ ^ 

5. 

2*7 

3 

2-7 

6 

2*7 

7 

2*2 

7 

3*5 

6 

2-8 

8 

3'7 

9 

3*5 

9 

5-0 

1 

4*0 

10 

5-0 

2 

4*5 

Overall averages 3-3 

29 

3*1 


No. 

Average 
rating after 

No. 

Average 
rating after 

of rats 

pregnancy 

of rats 

resorption 



0*0 

1 

— 

3 

1*3 

3 

. — 

3 

0*4 

5 

1*5 

5 

0*8 

5 

4-0 

4 

1*0 

3 

2-5 

1 



— 

5-0 

2 

— 

— 

2*0 

18 

0*75 

17 

2*6 


No. 
of rats 


2 

1 

4 

1 

2 

10 


very little effect on the uterine discoloration, the 
rating being reduced from 3*3 to 3T, a reduction 
which obviously has no significance, whereas the 
same treatment followed by pregnancy and the 
birth of a living litter reduces the rating to 0-75, 
which must be considered significant, even on the 
small amount of available data. On the other hand, 
treatment with vitamin E followed by a gestation 



1“ 5 6 7 8~ 9 F5" 

Months on E-free diet 


Eig. 1. Uterine colour rating before and after treatment 
with vitamin E. Curve A, before treatment. Curve J5, 
after treatment. Curve C, after treatment and successful 
gestation. Curve D, after treatment and resorption, or 
unsuccessful gestation. 

in which resorption occurred reduces the rating only 
to 2*6. In each treated group an improvement was 
obtained; this was only 0*2 after \dtamin E treat- 
ment, 0*7 after vitamin E treatment and resorption, 
but 2*5 after vitamin E treatment and a successful 
gestation, A similar comparison can be obtained 
by considering the different age groups separately, 
but owing to the small nmnber of am'mals, it would 
seem better to consider the averages of these 
groups. Fig. 1 clarifies this point by expressing the 
result graphically. 

Discussioisr ' " 

It appears clear from these results that the uterine 
discoloration produced by chronic vitamin E de- 


ficiency is a reversible condition, but that ad- 
ministration of vitamin E alone, even if given in 
massive doses, will have very little effect unless the 
animal is mated and gestation ensues. If the 
gestation is normal and a live litter results there is 
a marked, and in many cases, complete recovery 
from the pigmented condition. If a resorption 
gestation occurs the improvement is much less. It 
seems probable that pregnancy increases the circu- 
lation in the uterine muscle and is therefore the 
chief factor in the removal of the pigment. 

Unfortunately, it is impossible to control the 
experiment by producing pregnancy and giving no 
vitamin E, as sterility is well established before the 
onset of pigmentation. It can only be shown that 
vitamin E alone is ineffective. 

These results agree very well with those of Martin 
& Moore [1939], who found very similar uterine 
discolorations in their vitamin E -deficient rats. 
Unfortunately they did not examine the uteri 
before and after treatment, so that their results 
cannot be conclusive. These authors also say that 
after parturition the uterus of such rats remains 
abnormal, but since there was no previous examina- 
tion, there is nothing to show that improvement has 
not taken place, and the foregoing experiments 
indicate that this was probably the case. 

SUIMMARY 

1. Chronic vitamin E deficiency in the female rat 
produces uterine discoloration. 

2. This discoloration is not curable by vitamin E 
administration alone, but yields to this treatment if 
accompanied by successful pregnancy. 

3. It is suggested that the increased circulation 
to the uterine muscle during pregnancy is re- 
sponsible for the removal of the pigment. 

I wish to thank the Directors of the British Drug 
Houses Ltd., for permission to publish this work which was 
carried out while I was working in their iaboratories. 
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Voges & Proskaiier [1898] observed that when 
strong alkali was added to broth cultures of certain 
species of bacteria there developed, after an interval 
of time, a pink colour. Subsequently the work of 
[1906] and of Harden & Norris [1911] 
established that the chemical reaction responsible 
was one between diacetyl and creatine (or certain 
similar substances). Attempts to make the reaction 
quantitative [Walpole, 1911; Eggleton & Eggleton, 
928] were only partially successful. The reaction 
was further studied by Duliere [1929], Lang [1932] 
and Muller [1936], but it was the discovery by 
Bamtt [1936], that a-naphthol greatly intensifies 
the colour, which made it possible for the first time 
to use this reaction as a means of estimating either 
creatine or diacetyi. The present paper presents 
some additional facts about the reaction and 
methods of estimation based on it. 

EXPERIMENTAL 

Preliminary experiments 

Preliminary experiments confirmed Barritt’s observations 
and also demonstrated that the reaction took place rapidly 
at room temp. Early in the research it was noticed that 
colour development invariably began at the surface of the 
liquid, suggestmg that oxygen was involved.in the reaction. 
This was proved by studying the reaction m the absence 
of O2, and by measuring the amoimt of 02'nsed. When the 
reagents /were mixed under an atmosphere of 02-free 
hydrogen, no colour formation occurred even after a period 
of 4 hr., whereas the control in air showed maximum colour 
development within 30 min. After 4 hr. exposure to 02-free 
H2, with no pigment production, air was admitted and 
immediately colour formation began and reached approxi- 
mately the same intensity as the control. 

The Warburg manometric apparatus was employed to 
measure the Og used during the reaction. Two ml. of the . 
stock alkali (see later) or 2 ml. of 1% a-naphthol in the 
stock alkali, were placed in the main chamber of the 
manometer cup, and the creatine and the diacetyl solutions 
were placed in the side bulb. By this means the following 
points were established (for a temp, of 26°): (1) Creatine 
in alkaline solution does not absorb Og. (2) a-Naphthol in 
alkaline solution consumes Og at a slow but steady rate over 
a period of many hours. (3) Piaeetyl in alkaline solution 
shows a rapid initial Og uptake which falls off, sometimes 
completely, after 30 min. It amounts to about 1 mol. 
Og/mol. diacetyl. (4) On mixing diacetyl with a-naphthoi 
in alkali there is a consumption of O2, the rate of which is 
approximately equal to the sum of the rates of Og con- 


sumption of diacetyl and a-iiaphthol separately. (5) The 
addition of diacetyi and creatine to the alkali causes a rapid 
consumj)tibn of O2 for the first 30 min., which falls off to a 
low steady rate. The presence of excess of creatine increases 
by 2- or * 3-fold the amount of Og consumed by diacetyi 
during this 30 min. In other words, O3 is involved in the 
Voges-Proskauer reaction, though it is not possible to say 
how much, since under the conditions of these experiments 
some of the diacetyi must have oxidized without reacting 
with creatine, (6) When diacetyi and creatine are added to 
a-naphthol in alkaline solution, there is an initial rapid 
phase of O2 consumption lasting about 30 min., followed 
by a slow steady O2 uptake lasting over a period of hours. 
The amount of Og used by this mixture is greater than when 
creatine is omitted, indicating that the modified Voges- 
Proskauer reaction also involves an oxidation by molecular 
Og. The results of a typical experiment are expressed 
graphically in Pig. 1. In this experiment, the amount of 


Pig. 1. Og uptake at 26° (measured in Warburg mano- 
meters) of the following mixtm*es dissolved in 2 ml. of 
stock alkali. 

I. a-naphthol 0 mg., diacetyi 0*2 mg,, creatine 0 mg. 


II. 

99 

10 „ 

,, 0-0 „ , 

. 0 

III. 

99 

0 „ 

„ 0-2 „ , 

, 7-5 

IV. 

9 9 

10 „ 

„ 0-2 „ 

0 

V. 


10 „ 

0*2 ,, , 



diacetyi (0-2 mg.) was the limiting factor, creatine and 
a-naphthol being present in excess, 7-5 and 10 mg. re- 
spectively. (7) The rate of Og consumption is approximately 
equal to the rate of colour development. The rate of Og 
consumption w^as obtained as the difference between the 
rate of Og consumption of a mixture of diacetyi, creatine and 
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a-naphthol and the rate of Og consumption of a similar 
mixture of dfacetyl and a-naphtliol. Colour development 
was measured by means of the Zeiss Pulfrioh photometer. 
Within the limits of experimental error, which in this case 
are large, owing to the speed of the reaction and the 
presence of side reactions, colour development and O2 
consumption ran parallel. 

These experiments show that the Voges-Proskauer 
reaction and the Barritt reaction Both involve an oxidation 
by molecular Og, and in consequence special attention must 
be paid to this fact when using the reaction for the estima- 
tion of either creatine or diacetyl. 

Nature of the pigment formed in the Voges-Proskauer 
and Barritt reactions 

The isolation of the pigment formed in the modified 
reaction has been attempted, but so far it has proved 
impossible to obtain it in the crystalline state. .The impure 
product has some interesting properties. In the solid state 
it has been stable for 4 years; In alkaline solutions of 
pH 10 it is coloured red; at pH 8 it is purple, and at pH 6 
it is brown; it is least soluble at pH 4. These facts suggest 
that it is a compound with three ionizing groups and an 
isoelectric point at pH 4. In concentrated HCl or H2SO4 
the pigment is quite stable and coloured purple. In solution 
at pH 12, 40 mg. impart the same intensity of colour as 
7 mg. of creatine in excess of diacetyl and a-naplithol, or 
5 mg. of diacetyl in excess of creatme and a-naphthol. 

The pigmented solution produced in the presence of 
a-naphthol was examined spectroscopically (our thanks are 
due to Dr L. E. Bayliss for valuable advice and help) and 
the absorption spectrum was found to have a single peak 
centred on wave-length 5250 A., the extinction coefficient 
(E) having half the peak value at 4650 and 5660 A. 

The Zeiss S50 and S53 filters proved to be suitable for 
the photometric measurement of the pigment. The question 
of the optimum conditions for the development of maximum 
colour from small amounts of creatine and small amounts 
of diacetyl was then investigated. 

Investigation of reaction conditions 

Alkali. A solution of NaOH was used both in the original 
Voges-Proskauer test and in the Barritt modification.. 
Investigation of the degree of alkalinity necessary for 
maximal colour development in the Barritt reaction showed 
' that (a) no colour developed when the solution was made 
alkaline with NallGOs, (&) pigment formation occurred 
when either NagCOg or NaOH was used, and (c) maximum 
colour development occurred when a mixture of NaOH and 
NagCOg was used. The concentration of these compounds 
was not critical. A stock alkali solution was made up 
containing 30 g. NaOH and 80 g. NagCOg (equimolar 
amounts) in distilled HgO and made up to 500 ml. Two ml. 
of this solution were used for the estimation. 

OL-Naplitliol. Barritt used a solution of a-naphthol m 
ethanol, but as this rapidly becomes pigmented on standing, 
a solution in the stock alkali was used instead. The amounts 
of a-naphthol required for maximal colour development 
proved to be surprisingly large, about 500 moL/mol. of 
creatme, and at first the activity of the a-naphthol was 
thought to be due to the presence of some impurity. 
However, after thrice distilling in steam from an acid 
solution, the a-naphthol was neither more nor less active 
than before. Steam distillation yielded a perfectly white, 
crystalline product, which, if kept in a dark bottle, did not 


become discoloured. All subsequent samples of a-naphthol 
were purified in this manner. The solution of a-naphthol 
in alkali does not keep more than 2 or 3 hr. and in con- 
sequence it was always made up just before it was required. 
A 1 % solution was used. 

Diacetyl. A stock solution is prepared from dimethyl 
glyoxime (British Drug Houses Ltd,, ‘Analytical Reagent’) 
by heating 1-6 g. with 200 ml. of bxV H2SO4 in an all-glass 
distilling apparatus and collecting the first 50 ml. of dis- 
tillate; this is made up to 100 ml. With HgO. The amount 
of dimethylglyoxime taken yields about 1 g. diacetyl (as 
assayed by the van Niel [1927] method). This yield (85% 
of theoretical) is fairly constant, and the solution is stable 
for at least a month if kept in the ice-box. 

Excess diacetyl causes production of a yellow pigment 
which tends to obscure the colour produced by the creatine; 
a deficiency causes subnormal colour production. Eor 
amounts of creatine up to 60 pg. in a final volume of 10 ml., 
1 ml. of 1 : 20 dilution of the stock i % solution w^as found 
to be optimal. 



Eig. 2. Colour intensity (measured as extinction coefficient, 
S53 filter, 10 mm. cuvettes) produced by different 
amounts of creatme (II) and diacetyl (I) when treated 
in the manner described in the text. 

Creatine. The sample used (British Drug Houses Ltd.) 
was recrystallized’ from distilled HgO. With 0-50 pg. of 
creatine the colour was proportional to the amount of 
creatine present. Similarly, it was shown that when 
creatine was in excess the colour was proportional to the 
amount of diacetyl present. The results (Fig. 2) show that 
there is a linear relationship between intensity of colour 
and amount of diacetyl, and that the chromogenic powers/ 
/x.mol. of diacetyl and creatine are about equal. This may 
indicate that the pigment contains “ diacetyl and creatine 
in equimolar proportions. 

METHODS OF ESTIMATION 
(a) Creatine 

Reagents. (1) Stock alkali. (2) Stock 1 % diacetyl 
diluted 1 : 20 before use. (3) a-Naphthol purified 
by steam distillation. A 1% solution in the stock 
alkali is made up just before use. (4) Saturated 
solution of creatine. 

Procedure. To a neutral solution of creatine 
(containing not more than 60 ^g.) in a standard 






10, ml.' flask are added 2 ml. of the 1 % a-iia,phthol 
in alkali followed by 1 ml. of the diluted diacetyl. 

solution is briskly shaken and made up to the 
mark with distilled H 2 O and left for 30 min. The 
.colour may be ■ measured , with the Zeiss ' Pulfrich 
photometer (S 53 filter and a reagent blank in the- 
control cuvette), or by direct colorimetry with, 
standard creatine solutions prepared in the same 
way. There is no interfering colour from the reagents 
alone and the intensity of the colour is stable for at 
least 2 hr. The extinction coefficient for creatine 
under these conditions is 0*0105/^g. (10 mm. 
cuvette, and S 53 filter). 

Many guanido compounds react under these con- 
ditions [cf. Barritt, 1936]. Of r those that we 
examined quantitatively, arginine, guanidine and 
glycocyamine produce about one-ninth of the colour 
given by an equivalent amount of creatine. Crea- 
tinine and freshly prepared creatine phosphate do 
not react under these conditions. 

(b) Diacetyl 

Reagents, As for the estimation of creatine (see 
527). 

Procedure, To a solution of diacetyl (containing 
not more than 100 /xg.), in a standard 15 ml. flask, 
are added 4 ml. of a solution made up from 1 part 
saturated aqueous creatine and 3 parts 1% 
a-naphthol in stock alkali. The flask is briskly 
shaken, made up to the mark with distilled HgO 
and allowed to stand for 30 min. It is then esti- 
mated in the photometer with a reagent blank in the 
control cuvette, or by direct vision colorimetry. 
Of the two the latter' method is to be preferred 
owing to the presence of a slight variable blank 
error which it has proved impossible to eradicate. 

Diacetyl does not appear to be formed by ceils 
to any large extent ; its reduction product, acetyl • 
carbinol, is far more common. This sub- 
stance is readily oxidized to diacetyl by refluxing 
with ferric chloride [van Mel, 1927] and the 
diacetyl so formed may be removed by distillation, 
e.g. in the micro -Kjeidahl apparatus provided by 
Quickfit and Quartz Ltd. The following experi- 
ment illustrates the speed with which this occurs. 

1 ml. of diacetyl solution containing 163 jug, diacetyl 
was pipetted into each of four distillation flasks and 
distilled in turn for varying periods of time. The 
distillate and washings were collected in calibrated 
measuring cylinders, the voliune noted and 5 ml. 
taken in each case for analysis (Table 1). 

Table 1. Recovery of diacetyl by distillation 

Exp. no. ... ... 1 2 3 4 

Diacetyl added (jug.) 163 163 163 163 

Time of distillation (mill.) 5 10 15 20 

Vol. of distillate washings (ml.) 8-8 114 154 22 

Diacetyl recovered (^g.) 164 162 154 159 


In Exp. 1, 5 ml. of distillate were collected, the 
remainder coming from washings. , It appears 
therefore that by collecting 10 ml. of distillate a 
quantitative recovery is assured. 

Sources of interference 

(1) The use of CCI 3 .COOH as a protein precipitant can 
cause some interference, since it reacts with alkaline 
a-naphthol solutions, producing an intense blue pigment 
which entirely masks the colour given by creatine. This 
reaction occurs only in ultra-violet light. If the colour 
development is carried out in the dark room or in the light 
of a tungsten filament lamp, CCI 3 .COOH does not in- 
terfere. 

(2) Urine, and CGI3.COOH extracts of liver, contain 
substances which inhibit the reaction between diacetyb 
creatine and a-naphthol. (The reaction between creatine 
and diacetyl is similarly inhibited, and Walpole believed 
that MI 3 was responsible for the inhibition in the case of 
urine.) Eor example, the colour production from 30 pg. 
creatine in excess diacetyl •was reduced to 74% by the 
presence of 1 ml. of a normal urine, the effect being pro- 
portional to the amount of urine added. Similarly the 
colour intensity due to diacetyi in the presence of excess 
creatine was reduced to 68 % of normal by 1 ml. of the 
same urine. This marked inhibitory action was not shown . 
by urea, NHg, Uric acid or creatinine when added in 
amounts likely to be present in 2 ml. of urine. Glycine, 
however, proved to be an inhibitor. The colour intensity 
with 30 p-g. of creatine was reduced by one-haif in the 
presence of 4 mg, of glycine. Alanine and glutamic acid 
did not show this property, but p-alanme and j 3 -alanyl 
histidine (carnosine) were inhibitory, being about 60% as 
active, on a molar basis, as glycine. 

These substances also inhibited the colour production 
by diacetyl in the presence of excess creatine, indicating 
that the mechanism of the interference is not a destruction 
of either diacetyl or creatine, but a reaction with some 
compound formed intermediately in the Barritt reaction. 

Discussion of methods 

It appears from the above experiments that 
omega amino -acids may be responsible for the 
inhibitory action of liver extracts and urine. Ho 
ornithine or lysine was available so it was im- 
possible to test the hypothesis that all omega 
amino -acids inhibit the reaction, nor was the effect 
of primary amines tried, though it may well be 
that the inhibition is due to the terminal amino 
group —GH2.1SrH2. In the light of these experi- 
ments, the claim of Lang [1932] to be able to 
estimate arginine in protein digests by a diacetyl 
method seems to require confirmation. Indeed, we 
observed no colour in a neutralized acid hycfro- 
lyzate of gelatin© which had been treated with 
excess diacetyl and a-naphthol in aikalin© solution, 
despite the presence of large quantities of arginine. 

The use of the method for the estimation of 
arginine or creatine is therefore limited by these 
inhibitors. However, most animal tissues, with the 
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exception of liver, appear to contain insignificant 
quantities of interfering substances. In the case of 
skeletal muscle with its relatively high content of 
jg-alanine in the form of carnosine and anserine, the 
situation is mitigated by the fact that the creatine 
content is also very high. Thus, only 0*1 ml. of a 
1 : 10 CClg.COOH extract of skeletal muscle is 
required for the estimation of free creatine, and in 
this small volume the concentration of ^8 -alanine - 
containing dipeptides is negligible. Kone the less, if 
the method is used in connection with muscle 
creatine, the possibility of interference from these 
sources should be borne in mind. It is possible that 
a preliminary separation of the creatine by selective 
adsorption would overcome the difficulties. In the 
estimation of diacetyl the preliminary distillation 
removes these sources of interference. 

RESULTS 

Except in the case of liver, no noticeable ab- 
normalities have been encountered with animal 


Table 2. Creatine content of animal tissues 



Present 
method — 

Picrate method 


rat 

[Hunter, 1928] 

Tissue 

(mg./lOOg.*) 

(mg./lOO g.*) 

Skeletal muscle 

524 

470 

Cardiac muscle (ventricle) 

192 

168-223 (rabbit) 

Smooth muscle (small in- 

304 

27*1 (rabbit) 

testine) 

Whole brain 

132 

114 (rabbit) 

Lung 

8-1 

No figures 

Spleen 

6-5 

19-1 

Kidney 

19'9 

15-8-29 (dog) 

Testis 

267 

212 (sheep) 

Liver 

0 

23-3 (rabbit) 

* W^et weight. 



tissues. Table 2 gives figures obtained with neu- 
tralized 1 : 10 CCI3.COOH extracts of certain tissues 
of the rat. The animals were killed by stunning. 


A portion of the tissue was removed, freed from 
blood by washing with distilled ITgO, dried on filter 
paper, weighed, and gromid with 10 times its weight 
of 4% CClg.COOH and a little sand. The insoluble 
material was filtered off and portions of the clear 
filtrate neutralized before development of the colour. 
It is assumed that the pigment formed was entirely 
derived from creatine. For comparison are given 
figures taken from Hunter [1928]; where no figures 
for the creatine content of rat tissues were available, 
those for corresponding tissues of other species are 
quoted. Hunter’s results were all obtained by 
converting the extracted creatine into creatinine 
and determining the creatinine by the Jaffe reaction. 

SUMMARY 

1. Barritt’s observation, that the Voges-Pros- 
kauer colour test for diacetyl is greatly increased 
in sensitivity in the presence of oc-naphthol, is 
confirmed. 

2. Barritt’s reaction can also be used as a 
sensitive test for creatine. 

3. Both the Voges-Proskauer and the Barritt 
reactions involve an oxidation by molecular oxygen. 

4. Certain amino -acids interfere with the colour 
production in the Barritt reaction when the latter 
is used to estimate either creatine or diacetyl. 

5. A similar interference is noted when urine 
and extracts of liver are present in the reaction 
mixture. 

6. Arginine, guanidme, and glycocyamine react 
in a similar manner to creatine, but produce less 
colour. Creatinine and creatinephosphoric acid 
produce no colour. 

7. Methods are described for the estimation 
of creatine and of diacetyl, in quantities up to 
50 yg. 

8. A reaction between a-naphthol and trichloro- 
acetic acid is described, which occurs only imder 
ultra-violet excitation. 
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Harris & Raymond [1939] developed a method for 
estimating nicotinic acid in urine with the object of 
assessing the nutritional status in this vitamin, 
along the same lines as those employed in the 
saturation tests previously devised for vitamin C 
[Harris & Ray, 1935] and vitamin Bi [Harris & 
Leong, 1936], The method was based on the 
cyanogen bromide reaction of Konig [1904], a novel 
feature being the reagent used as the aromatic 
, amine, namely, p-aminoacetophenone. Although 
other aromatic amines have also been used for de- 
termining nicotinic acid, e.g. aniline and p -amino- 
phenol, several investigators have concluded that 
Harris & Raymond’s reagent is the most advan- 
tageous [Nagamra, Giri & Venkatesam, 1941 ; Stotz, 
1941 ; Arnold, Schreiffler & Lipsius, 1941]. 

With urines and highly coloured extracts the 
colour reaction is always less easy to perform than 
with colourless material. To overcome this difficulty, 
several alternative procedures have been suggested, 
but some of these are too tedious, while others run 
the risk of loss of nicotinic acid. For this reason we 
have undertaken an extensive study with special 
reference to the following: the removal of inter- 
fering coloured and non-coloured substances; the 
problem of the ‘blank’ correction; the conditions of 
the preliminary conversion of related substances to 
nicotinic acid. The optimal conditions for the reac- 
tion of CNBr with nicotinic acid and the subsequent 
development of colour [Harris Raymond,^ 1939; 
Kodicek, 1940 a, 5] have been reinvestigated with 
regard to the complex composition of urinary 
extracts. 

As a result, an improved modification of the 
p-aminoacetophenone method has been devised, 
which has the advantage of being simple and re- 
liable. The method, which is based on the original 
procedure of Harris & Raymond [1939], has been 
used in this laboratory for over two years with good 
results. 

GENERAL CONSIDERATIGNS 

(1) Removal of interfering colour ' 

There are, in general, three methods of estimating a sub- 
stance in a coloured solution: {a) by removing the substance 
from the solution, thus freeing it from the interfering colour ; 


(6) by eliminating the colour from the solution without 
losing the compound to be determined; and (c) by esti- 
mating it in the coloured solution and allowing for the 
colom* by a blank correction. 

Separation of nicotinic acid from urine by removhig it on 
adsorbents or by extracting it wdth an immiscible solvent is 
not very practicable owing to the difficulty of effecting a 
complete separation, and furthermore, some pigment is 
removed with the vitamin. A further disadvantage is the 
difficulty of eluting the vitamin quantitative^ after ad.- 
sorption. Perlzweig, Levy & Sarret [1940] claimed to have 
obtained good results by using Lloyd’s reagent after pre- 
liminary oxidation. Darm & Handler [1941], using Perlz- 
weig’s decolorization procedure, confirmed this finding. The 
decolorization procedure, however, is more tedious than the 
oxidation method described in this paper and is mnch de- 
pendent upon various physical properties of the adsorbing 
agent. The adsorption of nicotinic acid by medicinal char- 
coal, as suggested by Giri & Naganna [1941], failed to give, 
in our hands, reproducible results. Swaminathan [1939] 
used charcoal in a different manner — ^to remove pigments 
from the urine, leawng nicotinic acid in the solution. He 
thereby eliminated the use of a blank correction except in 
cases in which the test solutions were still coloured. The 
adsorption was carried out in an alkaline medium, and it 
was claimed that no nicotinic acid was lost by this treat- 
ment. Melnick & Field [1940 a, 5], like Swaminathan, used 
charcoal to remove interfering pigments, but perfonned the 
adsorption in acid alcoholic solutions. They admitted that 
their method was liable to give results with urine which are 
too high. 

The method to be described combines principles {b) and 
(c) mentioned above, without recourse to adsorption. It 
consists of a preliminary washing of the hydrolyzed urinary 
solution with isobutanol, which removes part of the inter- 
fering coloured substances, and a subsequent oxidation of 
the remaining colour with potassium permanganate. The 
treatment usually produces 'll solution which is almost 
colourless. Any residual coloured or colourless interfering 
substances are allowed for by a special blank correction. 


(2) The bla?ik correction 

Several ways of allowing for the biank correction have 
been suggested by varioiis workers, but none of them seems 
to be entirely satisfactory. Bandier [19395] used as a blank 
a sample of the urine treated as the ‘unknown’ but without 
the addition of the amine. The inadequacy of this blank, at 
least for ^-aminoacetophenone, will be shown later when the 
different types of blank are compared. Harris & Raymond 
[1939] omitted CNBr from their blank, which had otherwise 
been treated exactly like the ‘unlaiown’. This has been 
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criticized by Melnick & Field [19406] on the ground that the 
amine reacts with the interfering constituents of urine to 
form a colour which is not produced in the presence of 
CNBr. We could not observe, however, any bleaching effect 
of CNBr under our experimental conditions, nor could we 
find in our new ‘acid blank’ any unspecific side reaction 
which would not be present also in the ‘unknown’ [cf. 
Melnick, Oser & Siegel, 1941]. Dann & Handler [1941] state 
that the cyanogen bromide procedure worked, well only in 
a colourless solution. They adopt the procedure of Perlz- 
weig et al. [1940] to produce an almost colourless extract, 
and introduce a blank correction which consists of the 
residual colour of the extract and the colour of the reagents 
measured separately. Although we agree with Dann & 
Handler that a colourless extract is to be preferred to a 
coloured one, we feel that their blank correction may show, 
with certain extracts, too low a value. Their blank is based 
on the assumption that a colourless extract contains no 
interfering substances which may react with the reagents to 
give a colour. We find that occasionally an apparently 
colourless solution may stiU react with the reagents to pro- 
duce a slight colour. In the procedure to be described we 
have included ail the reagents and the test solution in one 
blank carried out in such a way that the nicotinic acid in the 
test solution does not react. 

(3) Preliminary conversion to nicotinic acid of re- 
lated substances 

Another point which has been the subject of much con- 
troversy among different workers is the question whether the 
conversion to nicotinic acid of related substances should be 
carried out in acid or in alkaline solution. Swaminathan 
digested the urine in 2 W NaOH for a period of 3 hr. Under 
such conditions, a considerable portion of trigonelline may 
be changed to nicotinic acid, which may account for his 
high values for nicotinic acid output. Melnick & Field, on 
the other hand, subjected the urine to acid hydrolysis. As 
pointed out by Perlzweig et al. [1940], this has the danger 


METHODS; 

of preventing the/complete conversion of nicotinnric acid to 
nicotinic .acid. Tn the method of Harris & Raymond the 
digestion was carried but in N jS[a(3H for 30 min. It wfill be 
shown later that this short digestion with the relatively 
dilute alkali is preferable, as it iloes not cause any appreci- 
able conversion of trigonelline to nicotinic acid even in the 
presence of large quantities of the former compound. 
Moreover, it is much more convenient, and yields a lighter 
coloured solution than the method with acid digestion. 

(4) Optimal conditions for the Konig reaction and 
subsequent development of colour 
The various factors which influence the Konig ref ction 
have been extensively investigated by Harris & Raymond 
[1939] and Kodicek [1940a]. There w^ere, howwer, a fe%v 
more points which needed further study, especially the con- 
ditions for the reaction of CKBr with nicotinic acid. All 
these factors have been investigated in the present work, 
and are discussed below in §§ IV and V. 

EXPERIMENTAL 

(I) Comparison of preliminary acid and alkaline 
digestion 

Three 40 ml. portions of a sample of urine were digested 
with 20 ml. of 12 N HCl on a boiling water-bath for 5 hr., 
neutralized, and decolorized as described in § 11(a) below. 
Further batches of eight 50 ml. portions of the same urine, 
four with added trigonelline and four without, were 
digested with N NaOH for 45 min. on the water- bath, 
neutralized and decolorized as before. They were then 
analyzed for nicotinic acid. It will be seen from Table 1 that 
the same values were obtained whether the digestion was 
carried out in .acid or alkali, and, in the latter case, with or 
without the additionpf trigonelline. The slight variations in 
the individual values are due to the experimental error, 
since, with the low values of extinction, the personal error 
in reading is from 5 to 10%. 



Table 1. Comparison of results with preliminary alkali and acid digestions 
Estimations of nicotinic acid in the presence and absence of trigonelline 


Digestion in alkaline solution 


Material 

f 

r 

Acid 
, blank 

Extinction with 

Urme 

Uriue 
+ 10jt4g. of 
nicotinic 
acid 

Nicotinic 
acid found 
in urine 
(pg./ml.) 

Digestion in 
acid solution. 
Nicotinic 
acid found 
in urine 
(pg./ml) 

Urine alone: Test 1 

0-049 

0-135 

0-352 

0-79 

0-74 

Test 2 

0-052 

0-141 

0-355 

0-83 

0-73 

Tests 

0-049 

0-125 

0-321 

0-78 

0-77 

' Test 4 

0-049 

0-146 

0-350 

' 0-95 

— , 

.Average 

0-050 

0-137 

0-341 

0-84 

0-75 

Urine, same specimen +0*5 mg. 

0-048 

0-142 

0-346 

0-92 


of trigonelline/10 ml. 

Urine, same specimen H-0*5 mg. 

0-054 

0-132 

0-336 

0-77 

■ ' 

of trigonelline /1 0 mi. 





' f 

Average 

0-051 

0-137 

0-341 

0-84 


Urine, same siiecimen +1*0 mg. 

0-053 

0-157 

0-381 

0-93 


of trigonelline/ 10 mi. 

Urine, same specimen +1*0 mg. 

0-055 

0-146 

0-360 

0-85 

■ : y; 

of trigonelline/ 10 ml. 






Average 

0-054 

0-152 

0-371 

0-89 



-liiafeiij 



y 
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(II) Decolorization of urinary digests 

^\fter the preliminary digestion, which serves to convert, 
related substances to nicotinic acid, the urine usually be- 
comes quite dark in colour. It is necessary to remove the 
colour; otherwise the blank correction will be too high and 
the accuracy of the method much decreased. Since digestion 
with alkalfalw&ys yields a lighter coloured solution than 
digestion with acid, and as shown above, trigonelline does 
not interfere, it w^as decided to use the former method of 
digestion and to carry out the decolorization of this solu- 
tion. Twn methods of decolorization w’-ere tried: 

(«) Charcoal adsorption. The procedure used for de- 
colorization with charcoal as recommended by Swaminathan 
[1938] was used with some modifications. The method is as 
follows: 

After the preliminary digestion with alkali (unlike 
Sw^aminafchan, we digested with N NaOH, i.e. 5 ml. of 40% 
(w/v) NaOH added to 50 inl. of urine, and the time of 
digestion restricted to 45 min.), the urine was neutralized 
with cone. HCl, and then adjusted to a less strongly alka- 
line reaction by the addition of 0-5 ml. of 40% NaOIf. The 
precipitate was centrifuged off. The centrifugate was made 
up to 50 ml., and boiled with 1 g. of norite charcoal. The 
solution was filtered hot with suction and the charcoal on 
the filter paper boiled in about 30 ml. of dilute alkali 
(0-3 ml. of 40% NaOH to 100 ml. of water) for 1-2 min., 
filtered again and the residue washed with 20 ml. of the hot 
dilute alkali. The combined filtrates were brought to pH 
6* 5-6- 8 with HCl und made up to 100 ml. The solution was 
then analyzed for nicotinic acid according to the procedxire 
described below. 

This procedure for decolorization gave good recoveries 
(Table 2). Larger amounts of charcoal (2 g. as used by 
Swaminathan), however, caused 20”40% loss of added 


tion of nicotinic acid is removed as weU. Isobutanol ex- 
tracts, albeit incompletely, a considerable part of the 
urinary |)igments, while it leaves practically all the nicotinic 
acid behind. The distribution coefficient of nicotinic 
acid between water-saturated isobutanol and isobutanol- 
satm*ated water below pH 4-5 is about 1 : 19. By using 
1 vol. of isobutanol to every 2 vol. of urinary digest we have 
found it possible to remove a large part of the pigments 
without losing any significant amount of the nicotinic acid 
(Table 3), but for very accurate work, a correction factor 
could be introduced to account for the amount extracted 
by the isobutanol. The residual colour is then removed by 
oxidation with KMriO,^. The oxidation is carried out in acid 
solution at about 50°. A 4% solution of IVM11O4 is added 

Table 3. Recovery of nicotinic acid after a solution in 
ibr/45 phosphate buffer (pH 4*5) had been washed 
with isobutanol . ' , 


Amount 

found 

(Mg') 


' Extinc- 
tion 

(a) 10 pg. of nicotinic acid present: 

After washing with iso- 0*200 
butanol 

Control without treatment 0*251 

(5) 25 pg. of nicotinic acid present; 

After washing with iso- 0*786 
butanol 

After washing with iso- 0*809 
butanol 

Control without treatment 0*852 


Table 4. Recovery of added nicotinic acid 
with the new method 
Nicotinic acid 


Recovery 

(%) 


? ( 


Table 2. Recovery of added nicotinic acid after 


r 


.^'v 






decolorization of urine with charcoal 


In original 


Additional 






4/ 



Exp. 

urine 

Added 

found 

Recovery 




Nicotinic 




no. 

(pg./mL) 

(pg./ml.) 

(pg./ml.) 

(%) 

;v| 



acid in 


Additional 


1 

1*5 

2*5. 

2*34' ■ 

94 




original 

Nicotinic 

nicotinic 


2 

0*82 

2*5 ^ 

2*7 

108 . . 



Exp. 

urine 

acid added 

acid found 

Recovery 

3 

0*89 

2*5 

2*3 

.. 92 

Sifil 


no. 

(pg./ml.) 

(pg./ml.) 

(pg*/^ii*) 

' (%) 

4 

0*87 

2*5 

, ■2*48 

99 



1 

5*1 

10*0 

9*8 

98 

5 

0*93 

2*5 ' 

2*44 ■ 

98 


1 ' ' 

. . 2 ■ ^ 

1*7 

10-0 

11*2 

112 

6 

0*61 

^ '2*5 

: 2*59, 

104 

3 

4*0 

10*0 

10*3 

103 

7 

, 0*82 

,2*5 

2*3'" ' . 

■' ,'92, 


4 

1*24 

1*00 

1*16 

116 

8 

0*96 

2*5, 

2*59 

' 104 „ 



5' 

1*05 

2*00 

'2*15 

108 

9 

1*15 

2*5 

2*55 

^ 102,."- 



6 

0*58 

2-00 

2*32 

116 ' 

10 

0*63 

2*5 

,2*39 ■ 

■ 96 , 


h 

7 

0*48 

2*00 

1*98 

99 

11 

0*83 

2-5 

2*32 

93 



8 

1*0 

0*93 

; 0*74 

80 

. . 12 . 

1*17 

2*0 

2*09 

105 






A nrA - 

104 

13 

0*26 

2*0 

. 1*85 ■ 

93 











Average 

98*5 



Standard deviation of single 

determination 

±i2.':' 

Standard deviation of single determination 

±5*6,., , 


nicotinic acid. The slight yeUow colour that remained after 
adsorption was allowed for by a blank correction. However, 
owing to the difficulty of obtaining charcoal of uniform 
quality, this procedure was given up in favour of the second 
method to be described, which not only gives a more colour- 
less extract but also has other advantages and gives more 
reliable results. 

{h) Washmg with and oxida;lion with 'EM.nQ 4 ^ , 

Urinary pigments may be effectively removed from solution 
by extracting them with immiscible solvents, such as 
phenol or benzylalcohol, hut unfortunately a great propor- 


drop by drop with continuous stirring until the colour of 
the permanganate stays for about 30 sec. The colour is 
allowed to disappear completely. This usually takes 5-10 
min.* The solution is then neutralized carefully to pH 6*5“ 

* If the liquid is not sufficiently reducing, as with a 
solution of the pure vitamin, the excess of permanganate 
has to be reduced by the addition of a few drops of 0*5% 
H 2 O 2 . The excess of HgOa must be removed (e.g. by catalase), 
as otherwise it may interfere with the subsequent develop- 
ment of colour. 
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6*8. Any manganous hydroxide separating out is centri- 
fuged off. The solution at this stage should be practically 
colourless or of light straw colour and is ready for treatment 
with CNBr. Recovery of added nicotinic acid in solutions 
so treated is complete (Table 4). The advantage of this 
oxidation method is not limited to the production of an 
almost colourless extract. It gives also a solution free from 
reducing substances, such as ascorbic acid or sulphites, 
which when present in large amounts may prevent the 
proper development of colour. Other reducing substances so 
far tried (sodium thiosulphate, uric acid) had the same 
effect. The presence of such substances decreases the sensi- 
tivity of the method, and the advantage of the oxidation 
procedure is that it eliminates this interference. Hence the 
new modification seems to be a further improvement in 
comparison with other methods. 

(Ill) Gomparison of different blanks 


METHODS 

ijy) Optimum conditions for the reaction p/ CNBr 
with mcotinic acid 

In their original method, Harris & Raymond used a 
temperature of 80° and a duration of 10 min. for the reac- 
tion. Kodicek [19405] aUowed 5 min. for the reaction to 
take place. The effect of both temperature and time was 
reinvestigated by varying these two factors. 

{a) Tetnperature. A solution of pure nicotinic acid con- 
taining 2/xg./ml. was used. The CNBr was added and the 
reaction mixture placed for 5 min. on a water-bath main- 
tained at constant temperature. The results are given in 
Table 6. It will be seen that the optimum temperature for 
maximal colour production is between 50 and 60°. 

Table 6. Effect of temperature on reaction of 
CNBr with nicotinic acid 


■ Three different blanks were tried, [a) ‘CNBr blank’, i.e. 
a sample of urine treated in the Same manner as the ‘un- 
known’ but without the amine; (6) ‘amine blank’, i.e. with- 
out CNBr; and (c) ‘acid blank’, see below. 

Theoretically no blank can be considered perfect which 

omits any of the reactants. The ‘ CNBr blank ’ advocated by 
Bandier and described above, errs probably on the low side. 
I The ‘amine blank’ of Harris & Raymond gives a higher 

correction, but the fact that CNBr is omitted might be 
j criticized. It was found that when nicotinic acid was 

i treated with CNBr in an acid solution, no reaction took 

place. This observation makes it possible to include all the 
reactants in the blank by simply adding acid to the test 
solution in the reversed order, namely, before treatment with 
I CNBr. This blank is referred to in future as the ‘ acid blank’. 

■ It wiU be seen from Table 5 that the value of this blank is 

' Table 5. Nicotinic acid estimated in urines with use 

I of different blanks and charcoal decolorization 

\ " Nicotinic acid found (mg./day) with 





( 



Amine 






. blank 






plus 



Urine 

CNBr 

Amine 

CNBr 

Acid 

Sample 

blank* 

blank 

blank 

blank 

blank 

1 

440 

3*88 

2*88 

2*37 

2*24 

2 

3*38 

2*83 

2*65 

2*06 

2*21 

3 

3*01 

2*62 

1*98 

1*51 

1*56 

4 

6*04 

6*04 

4*78 

4*78 

4*68 

5 

4*90 

4*20 

2*66 

1*95 

1*85 

6 

2*69 

2*27 

1*87 

1*46 

1*37 

7 ' 

2*92 

2*50 

1*54 

1*13 

1*12 

8 

3*58 

3*34 

1*98 

1*74 

1*77 

9 

3*30 

2*85 

2*02 

1*55 

1*55 

10 

1*80 

1*54 

0*99 

0*73 

0*71 


* Urine treated exactly in the usual manner, but -v^ithout 
the addition of CNBr and amine reagent. 

approximately equal to the ‘CNBr blank’ and the ‘amine 
blank’. When the washing with isobutanol and the oxida- 
tion by KMn 04 were used, the ‘acid blank’ showed even 
lower values, corresponding approximately to the sum of 
i the original colour of the CNBr and amine. It is interesting 

to note that the values of normal human excretion of nico- 
i tinio acid obtained by means of this new blank tally well 

1 with those of Perlzweig et al. [1940] and of Snell & Wright 

I , [1941] determined by a different technique. 


I 


1 . 


Temp. 

(° C) 

Extinction 

20 

0*148 

40 

0-305 

50 

0-388 

60 

0*418 

70 

0*329 

80 

0*236 


(6) Time. The same solution of nicotinic acid was used, 
and the temperature was kept at 56-58°. The reaction 
mixture was placed in the water-bath for varying lengths of 
tune. As illustrated in Table 7, the highest extinction was 
obtained within 2-5 min. It was, therefore, decided to use 
4 min. for the reaction in our procedure. 

Table 7. Effect of time on reaction of CNBv 
with nicotinic acid 


Extinction 


Time 

(min.) 

Exp. I 

Exp. 2 

2*0 

— 

0*408 

2*5 

0*408 

— 

3*5 

— 

0*408 

5*0 

"0*410 

0*410 

10*0 

0*335 

— 

20*0 

0*267 

— 


CV) Optimum conditions for the developm-ent of colour 

{a>) Amount of amine. It was felt that the amount of 
amine used previously by Harris & Raymond [1939] and 
Kodicek [1940 a, b] might not be the optimum amount for 


Table 8. Effect of variation in the 
amount of amine used 


10% ethanolic 
p-aminoaceto- 
phenone added 
(ml.) 

Extinction for solution 
nicotinic acid containing (j 
, ; 

r 

10 

: 20 ' 

0*2 

0*218 

0*469 

0*3 

0*246 

0*503 

0*6 

0*292 

0*585 

0*9 

0*314 

0*635 

1*2 

0*311 

0*633 

1-5 

0*320 

0*648 
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the reaction, as has already been pointed out [Kodicek, 
104rk/ !• The faet that the urinary extract was diflFerent in 
composition from other extracts used by one of us (E,K.) 
made it necessary to reinvestigate this point. It is clear 
from Table S that a nearly optimum development of colour 
is reached with the addition of about 1-0 ml. of a 10% 
solution of j3-aininoacetophenone in ethanol. 

(/;) JUffect of acid upon the final development of colour. The 
intensity of colour produced hy the reaction between the 
amine ami the CNBr-treated nicotinic acid depends on the 
acidity of the solution. The optimal acidity corresponds to 
a pH of about 1-5, as illustrated by Table 9. It will be seen 
that the intensity of colour varies only slightly with changes 
of acidity below a pH valhe of 2. It was found that 0-6 ml. 
of a 10% HCl was suiScient to bring the pH of the urines so 
far examined to a value between 1 and 2 under the condi- 
tions of our procedure. 

Table 9. ^Effect of amount of acid 


10% HCl 

' nicotinic acid in if/45 

(quinhydrone 

(ml.) 

phosphate buffer of pH 6*6 

electrode) 

0*1 

0477 

2*51 

0-2 

0*232 

2*14 

0-3 

, 0*252 

1*87 

04 

0*257 

1*68 

0-6 

0*275 

1*45 

1-0 

0*243 

1*13 


(c) Stability of the colour produced. It will be seen from 
Table 10 that the colour is fairly stable and there is very 
little fading after standing in the dark for periods up to 
30 min. This agrees with the findings of Harris & Raymond 
[1939]. 

Table 10. Fading of developed colour 

Extinction for solution of nicotinic 
acid containing (jag.) 


Time 

(min.) 

' 12*5 

• 25 

50 

5 

0*255 

0*500 

1*010 

10 

0*263 

0*519 

1*030 

15 

0*264 

0*517 

1*017 

20 

0*259 

0*514 

1*022 

25 

0*253 

0*514 

1*010 

30 

0*253 

0*518 

1*008 

60 

0*239 

0*480 

0*948 


METHOD 

ADOPTED 



Beagents 

CNBr solution. Prepared fresh daily by titrating 
a satiirated solution of ice-cold bromine water with 
10% ice-cold NaCN solution until the colour of 
bromine disappears. (NaCN was foimd to be better 
than KCN.) 

Alcoholic amine reagent. 10 g, of recrystallized 
yj-aminoaeetophenone were dissolved in 96% 
ethanol and made up to 100 ml. The solution should 
be prepared fresh every week as older solutions tend 
to deepen in colour. {The ;p-aminoacetophenone was 
recrystallized from a warm saturated solution , in 
96 % ethanol by adding about 3 voL of distilled 
water. After several hours at 0° the precipitate was 


filtered off. The process of crystallization may be 
repeated a second' time if ' necessary. The purified 
product was dried in vacuo over CaClg . It should be 
of a light creamy colour.) 

ILOl solution 10% wjw. 

Concentrated FiOl solution Z0% 'wjw. 

NaOH solution 40 % w/v. 

KMn 04 4 % w/v. 

Isobutanol . Redistilled and saturated with water. 

Standard solution of nicotinic acid. 20jL6g./mL in 
25% ethanol. Prepared weekly from a stronger 
solution containing 1 mg./ml. in 25 % ethanol. 

Procedure 

(1) Preliminary digestion. If the total amoiuit of 
urine excreted each day is less than 1500 ml., dilute 
the urine to this volume. Take 20 ml. of urme, add 
2 ml. of 40 % NaOH and heat on a boiling water- 
bath for 45 min. Cool, adjust pH to 2-3 wdth cone. 
HCl, with thymol blue as external indicator. Make 
up the volume to 25 ml. with distilled w^ater. Pour 
the treated urine into a 50 ml. separating funnel; 
add isobutanol corresponding to one-half the final 
volume of digeste<i tirine and shake for 2 min. 
Allow to separate, then run out the aqueous layer. 
Take 20 ml* of this water layer and evaporate the 
isobutanol present in the solution on a boiling 
water -bath for about 1 5 min. in an open beaker. 
Some isobutanol is still left in the solution, but as 
it does not interfere with the final estimationy its 
complete removal is not necessary. Add to the hot 
solution 15 ml. of distilled water, and cool it down 
to about 40-50°. Acidify further with 6 drops of 
concentrated HCl and oxidize by adding a 4%' 
solution of K]Mn 04 chop by drop with continuous 
stirring, until the mine is completely decolorized 
and the pink colour of the permanganate stays “for 
more than 30 see. Allow the solution to cool. Stand 
for about 15 min. to ensure that any excess of 
KMn 04 is completely reduced, then neutralize 
cautiously with 40% NaOH to pH 6 *5-6 *8 wdth 
bromothymol blue as external indicator. It is 
essential that the pH 6*8 should not be overstepped, 
as an alkaline reaction causes a brownish coloration. 
Make up to 50 ml. with distilled water and centri- 
fuge off any precipitate that is formed. 

(2) Reaction with CNBr. Four graduated 15 ml, 
flasks are labelled A, B, C and D. To flasks C and D 
add 0*5 ml. of diluted standard nicotinic acid solu- 
tion. To flask A add 0-6 mi. of 10% HCl; this flask 
is to be used as a blank. Measure 10 ml. of the urine 
solution into each of the four flasks. Mix well, 
especially flask A, then add to all four flasks 2 ml. 
of CNBr solution. After the mixing, place the flasks 
for 4 min. in a water-bath kept at 56-58°. Cool the 
flasks for 5 min. in tap water (temperature 18-20°) 
in a darkened place. 
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RESULTS, , 

Daily excretion of nicotinic acid by normal 
indimduals determined by the new procedure 


V01.37 

(3) Development of colour. To each flask add 
1 ml. of the alcoholic amine reagent and shake. 
Then to flask B, C and D add 0-6 ml. of 10% HCl. 
Till the flasks up to the 15 ml. mark with distilled 
water. Mix the contents and allow to stand for 
5 min. in a darkened place, immediately afterwards 
take measurements with the Pulfrich photometer, 
using 3 cm., cells and filter S47 [Kodicek, 1940a, 6]. 
Flask A is used as the blank, and the flasks B, C and 
D are examined for their contents of nicotinic 
acid. 

(4) Calculation of residt. The reldJuionhetween in.- 
tensity of colour (extinction) and nicotinic acid 
present is linear [Harris & Raymond, 1939]. 
Hence, nicotinic acid content,' ^g./ml. of' urine, 
equals 

B-A F 25 1 

B~A F 

When,, according to the procedure, (iS'=10/xg., 
jP = 50 ml. and Fq = 20 ml., the formula is simplified 
B — A 

to • - X 3 ‘44 /zg./nil. of urine. A = extinction of 

C — B 

solution in flask A (blank), B = extinction of solution 
in flask B (urine), <7 = mean of extinctions of solu- 
tion in flasks C and D (mine + added nicotinic acid), 
/S» = ^g. of nicotinic acid added to flasks C and D, 
jP = final volume of urine after washing with iso- 
butanol, oxidation and neutralization, Fq — original 
volume of urine taken for analysis, 1*1= factor 
allowing for the increase in volume of washed urine 
due to isobutanol. 


Reproducibility of method 

To test the reproducibility of the method separate 
determinations were done on one specimen of urine. 
The results are shown in Table 11. The standard 
error of a single determination is about ±2*4%. 
This degree of precision is highly satisfactory. 

Table 1 1 . Data testing the reproducibility 
of method 

Nicotinic acid in same 
specimen of urine 
(^g./ml.) 

... 'O-Sl : 

0-86 
:'0-85-' 

0*82 : - ■ ' ■■ - ■ 

0-81 

Average 0-83 

Standard deviation of single determination ±0-02 (24 %). 


Ten normal subjects were examined for their daily 
excretion of nicotinic acid mider standard condi- 
tions (see below). The final modification described 
above was used. The resting levels of adults varied 
from 0*85 to 2-33 mg. of nicotinic acid/day, with an 
average of 1-15 mg. (Table 12). These figures agree 
with the values found by the earlier procedme of 
charcoal decolorization. 

Table 12. Daily excretion of nicotinic acid by normal 
indimduals as determined by the final modification 


Subject 

Age 

Sex 

Daily volume 
of urine 
(ml.) 

Nicotinic acid 
excreted 
(mg./day) 

J.E.P. 

17 

F 

880 

0*85 

E.M.C. 

41 

E 

1450 

1-03 

J.Y, 

30 

M 

1360 

1*14 

L.W.M. 

33 

M 

1400 

1*16 

A.a.D. 

17 

M 

1040 

1 43 

E.K. 

33 

■M 

1100 

1*53 

S.G.L 

30 

M 

2160 

1-77 

T.M. 

41 

M 

2350 

1*92 

D.W. 

19 

M 

1630 

2*33 

J.K. 

4 

F 

650 

0*46 


Excretion after experimental dosing of healthy 
subjects with nicotinic acid * 

Four normal subjects living on their usual diets 
were examined for their minary excretion of nico- 
tinic acid. The daily output of urine was collected 
in two portions, a mornmg 3 hr. sample and the 
remaining 21 hr. portion ; each portion was analyzed 
separately. Test doses were taken with or after 
breakfast. Table 13 gives the results of the experi- 
ment. 

The average daily excretions of nicotinic acid by 
the four individuals were 1*09, 142, 1*47 and 2*10 
mg., and the corresponding morning 3-houriy out- 
puts averaged 0*23, 0*09, 0*13 and 0*16 mg. 
respectively. Smoking did not ap|lreciably change 
the values. After daily ingestion of 100 mg. of nico- 
tinic acid for several days, the average daily excre- 
tions of the last three individuals increased to 7*77, 
3*98 and 9*51 mg., and the corresponding 3 -hourly 
excretions to 5*34, 2*02 and 6*38 mg. respectively. 

It will be seen from Table 13 that while the ex- 
cretions of nicotinic acid by the different subjects on 
their usual diets changed very/ little jffom day to day 
and varied little from one to another, the outputs 
after ingestion of test doses fluctuated considerably, 

* Decolorization of urine in these experiments had been 
performed by charcoal adsorption as described in § 11(a). 
Urine collected after dosing had, however, such a high con- 
centration of nicotinic acid that the charcoal adsorption 
could he replaced by a simple dilution of the urine. 


Exp, 

no. 

1 

2 

3 

4 

5 


f 



Table 13, 


Subject 

Y.L.W. : 
Body weight 
65 kg. 


Response of normal individuals to test doses of nicotinic acid 

Nicotinic acid excreted 


Body weight 
72 kg. 


E.K. 

Body weight 
87 kg. 


O.G. 

Body weight 
83 kg. 



Test 


(mg.) in 



Bay 

dose 

(mg-) 


3 hr. 

24 hr. ' 

Notes 

1 

0 




2*24 

No smoking 

2 

0 




2*21 


q 

0 




1*56 


o 

4 

0 




1*26 

Smoking 

5 

0 


0-05 

1*21 


6 

0 


0*12 

0*71 


7 

0 


0-10 

1*40 


8 

0 


0-08 

0*77 




Average 

0*09 

1*42 


9 

100 


2-91 

4*68 


10 

100 


5*16 

8*38 


11 

100 


2*34 

3*74 


12 

' 100 


2*98 

4*92 


13 

100 


16*30 

21*20 


14 

100 


2*32 

3*70 




Average 

5*34 

7*77 


1 

0 




0*63 

No smoking 

2 

0 




2*21 


3 

0 




2*16 


4 

0 




2*56 

Smoking 

5 

0 


— 

1*90 


6 

0 


0*14 

2*06 



0 


0*12 

1*25 


8 

0 


0*17 

1*09 


9 

0 


0*20 

1*91 




Average 

0*16 

2*10 


10 

100 


1*33 

3*07 


11 

100 


5*16 

7*82 


12 

100 


4*48 

7*60 


13 

100 


17*50 

23*98 

Bose taken on 






empty stomach 

14 

100 


2*00 

4*28 


15 

100 


7*82 

10*^ 




Average 

6*38 

9*51 


16 

0 


0*53 

2*30 


17 

0 


0*17 

1*27 


18 

0 


0*59 

4*39 


1 

0 




2*50 

No smoking 

2 

0 


— 

1*85 


3 

0 




1*37 

>> 

4 

0 




1*12 

Smoking 

5 

0 


_ 

1*77 

■ j» 

6 

0 


0*10 

0*82 


7 

0 


0*15 

1*00 

.1 J 

8 

0 


0*14 

1*48 


9 

0 


0*14 

1*28, 




Average 

0*13 

1*47 


10 

100 


M3 

2*58 


11 

100 


1*75 

2*98 


12 

100 


1*49 

2*47 


13 

100 


0*61 

2*32 


14 

100 


4*60 

9*20 


15 

100 


2*24 

3*81 


16 

100 


2*35 

4*47; 




Average 

2*02 

3*98 


17 

0 


1*22 

3*08 


18 

0 


Oil 

2*53 


1 

0 


— - 

1*55 


'2- 

0 


— 

0*71 


3 

0 


— 

0*92 


4 

0 



0*91 


5 

0 


■ — ^ ' 

0*77 


6 

0 


0*16 

0*71 


7 

0 


0*10 

0*86 


8 

0 


0*42 

1*55 


9 

0 


0*24 

1*85 



Average 0*23 1*09 
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making it difficult to draw any definite conclusion 
from the experiment. It will be noted also that the 
different individuals varied a great deal in their 
response to dosing. Immediately after the cessation 
of dosing, the excretion of nicotinic acid returned to 
the previous level. 

In view of the big fluctuations in excretion after 
the intake of test doses, it was thought advisable to 
standardize the conditions under which the doses 
were admmistered. Tliree subjects were given a 
special breakfast which contained little nicotinic 
acid or trigonelline, and consisted of two cups of 
tea, two slices of white bread, jam, butter and about 
50 ml. of milk, and the dose given with the break- 
fast after one cup of tea and one slice of bread. The 
urines were collected and analyzed as before, and 
the results are given in Table 14. It will be seen that 


assessing the body reserves of the vitamin, they 
must be administered under a standardized condi- 
tion, otherwise little information can be gained from 
the results. 

Time curve of excretion of ingested nicotinic 
acid under uniform conditions 

In one normal subject the hourly excretion of 
nicotinic acid after ingestion of 100 mg. of nicotinic 
acid was studied under standardized conditions. 
The excretion w^as followed at hourly intervals for 
5 hr. (Table 15). Our findings, similar to those of 
Bandier [1939a], were that 91 % of the administered 
nicotinic acid was excreted in the first 5 hr. after 
the dose, and that the maximum excretion occurred 
in the first hour and amounted to about 63 %. This 
rapid elimination suggests that the organism is not 


Table 14. Besponse of normal individuals under standardized conditions of dosing 

Nicotinic acid excreted 


Subject 

Y.L.W. 

Body weight 
65 kg. 


E.K. 

Body weight 
87 kg. 


-G.G. 

Body weight 
83 kg. 



Test dose of 


(mg-) 

in 


nicotinic acid 

r~ 

A_. 


Day 

(mg.) 


3 hr. 

24 hr. 

1 

0 


0-12 

1-20 

2 

0 


0-16 

1-21 



Average 

0*14 

1-21 

3 

100 


9-70 

12-28 

4 

100 


11-20 

13-80 

5 

100 


8-40 

— 



Average 

9-97 

13-04 

6 

0 


0-21 

6-61 

7 

0 


0-18 

1-68 

8 

0 


0-15 

0-90 

1 

0 


0-41 

1-64 

2 

0 


0-11 

1-40 



Average 

0-26 

1-52 

3 

. 100 


0-85 

2-36 

4 

100 


1-27 

3-31 

5 

100 


1-03 

11*03 



Average 

1-05 

5-57 

6 

0 


0-25 

1-90 

7 

0 


0-25 

1-99 

8 

0 


0-22 

1-05 

1 

0 


0-16 

0-71 

2 

0 


0-10 

0-86 

3 

0 


0-42 

1-55 

4 

0 


0-24 

1-85 



Average 

0-23 

1-26 

5 

100 


10-89 

13-69 

6 

100 


9-85 

11-17 

7 

100 


11-20 

13-93 



Average 

10-65 

12-93 

8 

0 


0-20 

1-40 

9 

0 


0-10 

1-23 


the 3 -hourly excretions after dosing were fairly able to utilize efficiently all the ingested nicotinic 

constant from day to day, and also the 24 hr, out- acid and therefore excretes the greater part of it 

puts did not fluctuate as before when the conditions promptly. This phenomenon does not occur when 

of dosing were not standardized- It is obvious that our subjects are dosed with nicotinic amide. Both 

if test doses of nicotinic acid are to be used for the acid and the amide, howwer, produce a large 
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Table 15. Rate of excretimi of ingested nicotinic acid 

Nicotinic acid excreted 
(mg./hr.) 

hr. period before dosing 0-23 

Total '24 hr. period before dosing l-2o 


100 mg. nicotinic acid given by mouth 


5 hr. total excretion 


24 hi', total excretion 


inerease in the excretion of trigonelline and related 
N-methyl pyridinium^ compounds which can be 
regarded as normal metabolites. The fate of in- 
gested nicotinic acid or amide in the body has been 
briefly discussed in our previous report [Kodicek <fe 
Wang, 1941]. The detailed results will be published 
in a subsec^uent paper. On the basis of these findings, 
we have recommended dosing with nicotinic amide, 
followed by the estimation of the urinary excretion 
both of trigonelline and nicotinic acid, as a method 
of assessing the level of nutrition with regard to the 
anti -pellagra vitamin. 

SUMMABY 

1. The cyanogen bromide -;p-aminoaeetophenone 
method of Harris & Raymond for the estimation of 
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ested ndcotmic acid nicotinic acid in urine has been further studied, and 

several additional improvements have been < intro - 
otinic acid excreted cluced, viz, {a) decolorization of the digested urine 
by washing with isobutanol and oxidation with 
KM nO^; (6) the use of a lower temperature, a 
^ . . shorter time for the reaction of CNBr with nicotinic 

by mouth addition of larger amounts of ^p-amino- 

acetophenone to the reaction mixture; and (c) the 
2-46 introduction of a modified blank. 

0-66 2. The normal excretion of nicotinic acid by 

ten healthy subjects and tbe response to test 
— ^ doses of nicotinic acid bv four of them has been 

studied. * 

3 . The maximiun excretion of ingested iiieotmic 
acid occurs in the first three horns, the fii'st hour 

.eUine and related showing fhe highest output. / / 

is which can be emphasized that when test doses of nico- 

The fate of in- assessing the body reserves 

-he body has been vitamin, they should be administered under 

Report [Kodicek & standardized conditions _ 

! will be published obtammg reliable information of the 

s of these findings, nutritional status in .regard to the anti-pellagra 
h nicotinic amide! vitamin, dosing with nicotinic amide is to he pre- 
urinary excretion feared to dosing with nicotinic acid, and estimation 
acid as a method - should then he made of the excretion of trigonelline, 
with'regard to the substances related to nieo- 

tinio acid. 


We wish to take this opportunity to thank Dr L. J. Harris 
for his constant interest and valuable advice; Mr G. G. 
Grindiey for volunteering as an experimental subject, and 
Roche Products Ltd. for a gift of ^-aminoacetophenone. 
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of linkage of the — OH groups of these latter in the 
protein is of interest, since such groups might play 
a part in non -peptide linkage of amino -acid residue.s 


In recent years it has been recognized that in addi- 
tion to tyrosine the hydroxyamino-aeids serine and 
threonine are major proteih constituents. The mode 


VoL'37 

[CMbnall, 1942; Lmderstr 0 m-Lang & Jacobsen, 
1941], or, if free, influence significantly the chemical 
and physical properties of the protein. Colour reac- 
tions and spectroscopy have thrown considerable 
light on the mode of incorporation in proteins of 
the phenolic — OH groups of tyrosine, but these 
methods are not of value in studying aliphatic — OH 
groups. The acylation of proteins has been studied 
by numerous workers, but, while the number and 
lability of acyl groups introduced provides circum- 
stantial evidence for the occurrence of free —OH 
groups, the lability of 0 -acyl groups to the usual 
hydrolytic agents has precluded confirmation of 
this by the isolation of 0 -acylated compounds from 

hydrolysates of acylated proteins. 

Methylation has been extensively and suc- 
cessfully employed for investigating the mode of 
linkage of aliphatic —OH groups in carbohydrates. 
Many workers, for a variety of purposes, have ap- 
plied methylating agents to proteins [Blackburn, 
Carter & Phillips, 1941], but few [e.g. Skraup & 
Krause, 1909; Haiuowitz, 1938] have employed 
conditions suitable for methylating aliphatic — OH 
groups, and of these none seems to have identified 
0 -methylated compounds after hydrolyzing^ the 
protein. The strongly alkaline aqueous conditions, 
which appear necessary for the methylation of 
j aliphatic —OH groups in proteins, induce degra- 

j dative changes in the protein, making interpreta- 

f tion more complicated. Nevertheless, it seemed 

) worth attempting the application of this technique 

I in the protein field. 

I We have studied the action of dimethyl sulphate 

on silk fibroin in the presence of excess cold aqueous 
NaOH. This protein was chosen because of its re- 
sistance to solution by cold alkaline reagents, which 
facilitates repeated treatment, its negligible S con- 
tent and its high content of hydi’oxyamino -acids, 
i Repeated treatment of silk fibroin in this way 

t introduces , 0 -methyl groups to an extent which 

! camiot be increased by continued treatment. At 

j this stage nearly all the tyrosine residues and about 

^ one-half the serine residues have been converted to 

I their 0 -methyl derivatives. Our evidence for this is : 

(1) Disappearance of those colour reactions (Millon, 
> xanthroproteic) due to free —OH groups of tyrosine 

residues from methylated fibroin and its hydro- 
i lysates. (2) Diminution of the hydroxyamino-acid 

^ content (NHg liberated by periodate) of hydrolysates 

of methylated fibroin to about one -half of the 
[ corresponding value for normal fibroin. ( 0 -methyl- 

I serine does not give NH 3 with periodate.) (3) The 

[ — OMe content of methylated fibroin and its hydro- 

lysates corresponds stoichiometrically to the tyro- 
I sine 4 - half the hydroxyamino-acid content of 

1 fibroin. (4) The occurrence of 0 -methyl-tyrosine 

/.and 0 -methyl-serine in hydrolysates of methylated 
fibroin. These have been demonstrated in the ex- 
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pected quantities, after conversion to their N-aeetyl 
derivatives. For the latter compound we have em- , 
ployed partition chromatography on silica gel [cf. 

Gordon, Martin & Synge, 1943a], ^ 

Preliminary acetylation of the fibroin by boiling 
acetic anhydride [cf. Carr, 19386] was foimd not to 
increase the amount or rapidity of methylation. 
Preliminary acetylation has been found useful in | 

the methylation of polysaccharides [of. Hirst & I 

Young, 1939]. I 

It was found that fully methylated fibroin on j 

subsequent acetylation took up correspondingly i 

fewer 0 -acetyl groups (determined by saponification 
with cold alkali) than normal fibroin. However, 
some acetyl groups saponifiable under these condi- ; 

tions were obtained on acetylation of fully methy- ■ 

lated fibroin. j 

From the above it is apparent that the reaction - j 
of dimethyl sulphate with silk fibroin in the presence j 

of alkali is entirely different from that occurring in 
its absence, which, according to Blackburn et aL . 

[1941], leads to the introduction mainly of ester- | 

type 0 -methyl which can be entirely liberated by the 1 

action of dilute alkali. Rutherford, Patterson ! 

Harris [1940], by exhaustive treatment of fibroin ; 

with diazomethane in ether, obtained a product in 
which (as judged by non-isolative procedures) the ■ 

tyrosine-phenolic groups were completely ethorified, 
but there was no evidence for methylation of ali- 
phatic — OH groups, most of the extra 0 -methyl i 

being of a type similar to that studied by Blackburn 
et ah [1941]. 

Since the amino-N content of a hydrolysate of I 

our fully methylated fibroin was little difierent from 

that of a hydrolysate of untreated fibroin, it seems 
unlikely that the reagents employed gave rise to I 

significant N-methyiation of ammo -acid residues in | 

peptide linkage. 

Since the positions in the fibroin at which 0 -methyl j 

groups are introduced by methylation appear also 
to be accessible to acetylation by a procedure [cf. ' 

Carr, 19386] that does not seriously degrade the j 

fibroin, it is reasonable to conclude that these (i.e. i 

the —OH groups ofmearly all the tyrosine and : 

about one-half of the serine residues) are free in | 

intact, fibroin. For the tyrosine, this conclusion is | 

consistent with the phenolic colour reactions of | 

fibroin, and with the data of Rutherford aL [1940] « 

on methylation, of Meyer, Fuld- & Klemm [1 940] on 
coupling with diazo compbunds, and of Kise & Carr 
[1936] and Carr [1938 a, 6] on acetylation. Serine ; 

residues having free — OH groups might be ex- ) 

pected to take part in the alkaline degradation and J 

coupling reactions demonstrated in whole silk by ; 

Nicolet & Shinn [1941 a, 6]. 1 

The mode of linkage of the serine residues which I 

do not imdergo 0 -methylation remains obscure. 

The present work has not established whether or 
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not their —OH groups are accessible to acetylation. 
It is possible that they are not methylated owing to 
incorporation in ‘ crystallites ’ in the fibre, while 
serine residues in the ‘encrustuig substance’ are 
reactive [cf. Meyer et al., 194:0; : Synge, . 1-943 ; 
Huggins, 1943]. Or they might be involved in 
oxazoline rings of the type postulated by Linder- 
strom-Lang & Jacobsen [1941] [cf. Blackburn, 
Middlebrook & Phillips, 1942]. The present work 
only demonstrates that the serine residues of silk 
fail into two distinct categories with respect 
to their reactivity with dimethyl sulphate and 
alkali in the cold. Investigation of the behaviour 
under these conditions of other proteins and model 
substances, though technically more difficult owing 
to their solubilities, may help to elucidate this 
question. 

EXPERIMENTAL 
Analytical methods 

Estimation of tyrosine. The colorimetric method of Amow 
[Block, 1938] was employed. 

Estimation of total hy dr oxymiino -acids. The method of 
Van Slyke, Hiller & MacFadyen [1941] was modified, by the 
use throughout of one-tenth of the amounts of reagents 
which they employed, and by omission of the capryl 
alcohol. The reagents were added to the outer compartment 
of the Conway micro -diffusion aiDparatus. The NHg evolved 
after H hr. gentle rotatory shakmg was determined by 
absorption in 1*0 nil. of 1 % boric acid mixture, according 
to the method of Conway & O’Malley [1942]. Under these 
conditions we obtained 94-95 % recovery of NHs (80- 
120 /xg.) from ammonium sulphate in 2 ml. half-saturated 
KoCOg solution. All results have been corrected for this 
incomplete absorption. Serine under these conditions 
yielded the theoretical quantity of NH3 . 

Estimation of — OMe. On methylated fibroin and its 
hydrolysates this was determined by Or S. Blackburn with 
the volatile iodide procedure of Baernstein [cf. Blackburn 
et al., 1941]. Other determinations were made with the 
standard Pregl procedure by Dr G. Weiler, Oxford, who 
also carried out carbon and hj^-clrogen determinations. 

Estimation of total 'E, Semimicro -Kjeidahl determina- 
tions were employed, using the incineration mixture of 
Campbell & Hanna [1937]. 

Estimation of amino-'^. The manometric Van Slyke pro- 
cedure (4 min. reaction time) was employed. Where the 
sample contained free mineral acid, this was neutralized 
before analysis with excess of sodium acetate. 

Melting points are given uncorreoted. Optical rotations 
in a 2 dm. tube. 

Material 

Material from the same batch of unweighted sffk fabric 
as was studied by Blackburn et al. [1941] was employed 
throughout this work. The fabric was thoroughly rinsed 
with cold distilled water before use. Weights were de- 
termined after sami)les had been dried to cqnstant weight 
H2SO4 at room temp, in vacuo. 

Methylation of fibroin 

A typical experiment is described: 3*284 g- of fabric were 
cut into small pieces and placed in a bottle with 40 ml. of 


A NaOH solution. 0*75 ml. of dimethyl sulphate was 
added. At 10 min. intervals 20 ml.' A NaOH solution and 
0*75 ml. dimethyl sulphate were added, until altogether 
7*5 ml. dimethyl sulphate had been added. The preparation 
was shaken gently at room temperature the whole time. 

At the end, most of the liquor was poured from the 
fabric, and treatment was repeated. After each treatment 
a test portion of the fabric was placed in sodium nitrite- 
acetic acid solution, and the development of yellow colour 
was observed. This steadily decreased until after four treat- 
ments it was practically absent. 

When the preparation had to be left between treatments, 
the fabric w'as suspended in dilute acetic acid. 

Samples removed for determination of —OMe were 
w^ashed in six changes of distilled water before analysis. 
The course of methylation is shown in Table 1. 

Table 1. Course of methylation of silk fibroin 

No. of 0-methyI content 

treatments (GHg as percentage of dry wt. of product) 

4 ' 1-95 

6 2*09 

9 '2*28 ' 

12 2*15 

It appears that O-methylatipn is substantially complete 

after six treatments. The w’^eight of final product (12 treat- 

ments), together with that of samples removed during 
methylation, was 2*96 g. The original material had N, 
18*3%, and the final product N, 17*6%. Recovery, based 
on the N content, was therefore about 85%. 

After treatment the fabric was readily creased, had much 
lower tensile strength, and lacked lustre. 

Methylation following acetylation of fibroin 

Dry fibroin was acetylated • by refluxing in excess of 
acetic anhydride for J hr. The reagent was then washed off 
with water, and the material subjected to a single methyia- 
tion treatment as above. The material was then rinsed, 
dried, and again subjected to acetylation. After four such 
cycles the product had 0-methyl (CHg as percentage of dry 
weight) 1*64%, suggesting that the method has no ad- 
vantages over direct methylation, especially since greater 
losses resulted. 

Acetylation of normal and methylated fibroin 

The fabrics were acetylated by refluxing for | lir. in 
acetic anhydride, rinsed off with several changes of dis- 
tilled water and dried. 

The difference between the alivali neutralized by acety- 
lated and unacetylated material on suspending in cold 
dilute alkali served as a measure of the 0-acetyl groups 
introduced. 

Approximately 60 mg. of fabric were placed in a stop- 
pered flask in 10 ml. Njbt} Ba(OH.)2, and ke})t at room 
temperature with occasional gentle agitation. (Mntrol ex- 
periments showed that under these conditions no further 
alkali was neutralized after 6 hr. After 24 hr. a tneasured 
portion of fluid was removed from the flask and titrated 
with dilute HCl, with the exclusion of CO2 and with phenol- 
phthalein as indicator. Calculated for the whole volume, 
the difference from the direct titration of the alkali gave 
the total base bound by the saponified fibroin together with 
that neutralized by the acetic acid liberated in tlie saponi- 
fication. The results of these experiments are shown in 
Table 2. 


I 
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Table 2. Analyses of silk fibroin 
after vai'ious treatments 


Equivalents expressed in terms of N (1 atom) 
as a percentage of total N of material analyzed 


Material 

r 

Untreated 

material 

Methylated 
Same (12 treat- 

acetylated ments) 

■’i 

Same 

acetylated 

Alkali 

5*1 

184 

1*9 

6-0 

neutralized 

0-methyl 

0*0 . 

0-0 

114 

12*4 


content 


Thus for unmethylated fibroin the 0 -acetyl groups intro- 
duced are 18*4 -5*1 = 13*3% (equiv. in terms of N as a 
|)ercentage of total N of fibroin), while for methylated 
fibroin the corresponding figure is 6*0 - 1-9=: 4-1 %. The 
difference of O-acetyl content (13*3 - 4-1 =9*2%) is in 
reasonable agreement with the 0 -methyl content of the 
methylated fibroin, shown in Table 2, where it is expressed 
in the same units. The decreased binding of alkali by 
methylated as compared with untreated fibi’oin is pre- 
sumably due to methylation of the base-binding phenolic 
groups of tyrosine residues [Gleysteen & Harris, 1940], 
The yields of insoluble material after methylation, 
acetylation and saponification, expressed on a N basis, are 
shown in Table 3. 

Table 3. Yields and ajialyses of fibroin 
after various treatments 

0 -methyl content 
, Yield (total N ( — OMe (1 equiv.) 
of product as expressed in terms 
percentage of of N (1 atom) as 
total N of un- percentage of total 


Treatment 

treated fibroin) 

N of product) 

Untreated 

100 

— 

Untreated after 

96*7 

— 

saponification 

Methylated 

86 

11*4 

Same material after 
saponification 

83 

12*6 

Acetylated 

97 

■ ■ _ 

Same material after 
saponification 

85*5 


Methylated and then 

73*6 

12*4 

acetylated 

Same material after 

65*5 

11*2 

saponification 


The relativp constancy of the 0-methyl content ^of the 
material (Table 3) despite the considerable losses encoiintered 
in these treatments suggests that these losses did not involve 
serious qualitative fractionation of the fibroin, and justifies 
the assumption that the material lost by solution during 
processing was not chemically very different from that 
retained. 

Hydrolysis of methylated fibroin 

Eefluxing fully methylated fibroin for 24 hr. in 6 iV HCl 
resulted in considerable de-methylation. Tyrosine colour^ 
reactions appeared in the hydrolysate. The — OMe content 
of the hydrolysate (determined after evaporation to dry- 
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ness) was 2-3% ( — OMe expressed in terms of N (1 atom) 
as percentage of total Y of material), compared with a 
figure of 11*4% for the material before hydrolysis. The 
NH3-N liberated by periodate was 10*0% of the total N of 
the hydrolysate, the corresponding figure for a hydrolysate 
of untreated fibroin being 10-9%. 

Hydrolysis of methylated fibroin for 24 hr. in boiling 
6 Y" NaOH reduced the — OMe content (same units — 
determined after neutralization of hydrolysate with HCl 
and evaporation to dryness) to 5T%. Destruction of 
O-methyl-’tyrosine would not be expected under these con- 
ditions [Rutherford et al., 1940], but when 35 mg. of 
O-methyi-ciZ-serine were refluxed for 24 hr. in excess 6 N 
NaOH with 500 mg. of untreated silk fibroin, only 26%, 
as measured by an — OMe determinabon, remained. 

Bell. [1937] noted removal of ether-methyl during treat- 
ment of methylated glycogen with hot hydrocWoric acid, 
and found that ^-toliienesulphonic acid effected satis- 
factory hydrolysis without de-methjdation. For the present 
work we have found sulphuric acid to be satisfactory. 
70% of the — OMe of 37 mg. 0-methyl-i^/-seriiie was re- 
covered after refluxing with 200 mg. of untreated silk 
fibroin in excess 6 N HaSO.i for 24 hr. (SOJ was removed 
from the hydrolysate exactly by precipitation, with BaCb . 
The filtrate and washings were then evaporated to dryness 
in vacuo at room temperature before analysis.) 

Analysis of hydrolysates of methylated 
and untreated fibroin 

For comparative purposes, both methylated and un- 
treated fibroins w^ere hydrolyzed by refluxing for 24 hr. in 
30 parts by weight of 6Y H2SO4. SO4 was removed by 
addition of the calculated quantity of BaCl2 in aqueous 
solution, and the filtrate and washings from BaS04 were 
evaporated to dryness in vacuo below 40° and made up to 
known volume in water before analysis. The results are 
given in Table 4. 

Demonstration of 0 -methyl-tyrosine in 
hydrolysate of methylated fibroin 

0 -methyl-tyrosine was obtained as its Y-acetyl derivative 
by direct extraction and crystallization after acetylation of 
the hydrolysate [ef. Synge, 1939]. 

Methylated fibroin containing 234 mg. N (OMe as N 
(1 atom) in % of total N, 11*4%) was refluxed for 24 hr. 
in 25 ml. 6N H2SO4. The resulting hydrolysate was neutral- 
ized with NaOH to thymol blue (yellow), concentrated in 
vacuo uptil crystallization set in, made alkaline by addition 
of further NaOH and acetylated at 0° by addition of 5 ml. 
of acetic anhydride and 50 ml, 2 N NaOH added in portions 
with shaking. After keeping alkaline 2~3 hr. the solution 
was acidified to thymol blue (pink) with ION H2SO4 and 
extracted fivq times with 125 ml. portions of B.P. chloro- 
form. The combined chloroform extracts were evaporated 
to dryness. Crystallization of the residue from water 
yielded gummy crystals, which were freed from gum by two 
recrystallizations from chloroform. The final product 
(61 mg.) .had m.p. 147°, not depressed on admixture of au- 
thentic N -acetyl-0 -methyl-Z-t3?Tosme, [ a] +51*5° (ethanol, 
c=0*9). Synge [1939] records for N-acetyl-O-methyl-?- 
tyrosine m.p. 151°, -h54*3°, +54*4° (ethanol, c = l*3). 

(Found; 0, 61*0; H, 6-53; N, 4*8; OMe, 124%; acid equiv. 
wt. 250. Calc, for C13H15O4N: 0, 60-8; H, 6*33; N, 5*9; 
OMe, 13*1%; acid equiv. wt. 237.) 
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Table 4. Analytical data cm hydrolysates of methylated and untreated fibroins 
Percentage of total N of material analyzed 


-OMe (1 eqmv.=:l atom N) 


—OMe (1 eqniv. = 1 atom N) 

(2) Amino-N 

(3) Tyi’osine N 

(4) NHg-ISi -f-NHg-N liberated by 

periodate 

(5) ' NH3-N 

(6) Hydroxyammo-acid N (by 

difierence of (4) and (5)) 


Untreated fibroin 

Methylated r- T ' 

fibroin Present work Other authors 

Before hydrolysis 
10-3 — 

After hydrolysis 


Eeference 


Meyer, Fuld & Klemm [1940] 


10*8=** Nicolet & Saidel [1941] 


^ N content of the fibroin analyzed by these workers assumed to be 18-3%, 


, Demonstration of 0 -methyl-serine in 
hydrolysate of methylated fibroin 

0-methyl-serine was separated as its A-acetyl derivative 
by partition chromatography on silica gel [Gordon al., 
1943 a]. Control experiments with authentic A'-acetyl-O- 
methyl-cJIZ-serine [Synge, 1939] showed that on partition 
chromatograms employing B.P. chloroform, ethyl acetate 
or 30% propanol- cyclohexane as developing solvent, it is 
not separable from acetylalanine. With 17% butanol- 
chloroform, A-acetyl-O-methyl-serine travels as a band 
sufaciently faster than acetylalanine to permit the recogni- 
tion of its presence, though not fast enough to permit 
satisfactory separations. However, with 1 % butanol- 
chloroform, it moves as a separate band haying B [Martin 
& Synge, 1941] approximately 1*5 times that of acetyl- 
alanine. 

On the basis of this information the following experi- 
ments were carried out: Approximately 10 mg. samples of 
fully methylated (as used in previous section) and untreated 
fibroin were hydrolyzed with sulphuric acid, and the 
hydrolysates evaporated to dryness m vacuo below 40° after 
removal of SOJ as described above. The hydrolysates were 
then analyzed according to the procedure given by Gordon 
et al, [1943a]. Pelargoniii chloride was employed as indi- 
cator. During the development with 17 % butanol- 
chloroform' it was noted that with the material from 
methylated, as compared with that from untreated fibroin, 
the bands corresponding to A'-acetyl-tyrosme and N- 
acetyl-serine [Gordon, Martin & Synge, 19436] were greatly 
reduced in intensity, while the band corresponding to 
acetylalanine was broader and exhibited a ‘faint front’, as 
with the synthetic mixtures of acetylalanine and N- 
acetyl-O-methyl-serine studied above. The bands corre- 
sponding to acetylglycine did not differ in appearance. 

The values found for ‘ alanine ’ (N as percentage of total 
N of fibroin) were 24*5% for untreated and 30*8% for 
methylated fibroin. The difference (6*3%) is consistent with 
the d-m ethyl-serine value suggested by the data given 
above. Bergmann & Niemann [1937] recorded for alanine in 
silk fibroin a corresponding figure of 21*8 %. They assumed 
their fibroin to contain 19*0% N. 

After titration the ‘alanine’ fractions were acidified and 
examined on 1 % butanol-chloroform chromatograms. That 


from methylated fibroin showed two bands, similar to those 
given by the synthetic mixtures described above, while that 
from untreated fibroin gave a single band (acetylalanine). 

An attempt was then made to isolate 0-methyl-serine as 
its acetyl derivative. Since the only authentic material 
available for comparison [Synge, 1939] was racemic, the 
acetylation was conducted under racemizing conditions [du 
Vigneaud & Meyer, 1932]. Complete racemization was not, 
however, achieved, and the crystallization of the final 
product may have been interfered with by partial racemiza- 
tion thus induced. 

275 mg. of the same methylated fibroin were hydrolyzed 
with sulphuric acid, freed from SO4 with BaOlg and 
evaporated to dryness as above. The product was treated 
with 5 ml. 2*4 N NaOH and 2 ml. acetic anhydiide, the 
mixture being kept at 40° for 15 hr. The mixture was then 
cooled, made alkaline to thymolphthalein by addition of 
12 ml. ZN NaOH, and kept at room temperature for 2 hr. 
to saponify O-acetyl groups. The mixture was then acidified 
with ION H2SO4 and extracted with five 100 ml. portions 
of 17 % butanol-chloroform. The material in the combined 
extracts was subjected to chromatographic analysis with 
17 % butanol- chloroform as developing solvent. The re- 
sulting ‘alanine’ band was subjected to further analysis, by 
development with 1% butanol- chloroform. Of the two 
bands so obtained, the faster yielded 20 mg. of material. 
Treated with ethyl acetate-light petroleum this yielded 
11 mg. of partly crystalline gummy material having m.p. 
128-130°, [a]^^°~12° (ethanol, c=0*4). The material de- 
pressed the m.p. of acetyl-Z-aianine (m.p. 126°) and of 
acetyl-dJ2-alanme (m.p. 133°) on admixture by more than 30°. 
It proved difficult to recrystaliize. OMe was determined on 
the material recovered from the polarimetric determination 
after removal of ethanol by evaporation in vacuo over 
H2SO4. (Found: OMe, 7*3%. Calc, for OMe, 

19-3%.) 

SUMMARY 

1. Repeated treatment of silk fibroin with di- 
methyl sulphate in N NfaOH at room temperature 
results in 0-methylation of nearly all its tyrosine 
residues and about one-half of its serine residues. 

2. The groups accessible to etherification in this 
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way are also accessible to acetylation when the 
fibroin is treated with boiling acetic anhydride. 

3. The existence is thus established of tw^o cate- 
gories of serine residue in silk fibroin, differing in 
their accessibility to etherification by dimethyl 
sulphate. 


We are grateful to Dr Herbert E. Garter for a gift of 
0-methyl-r?bserine. _ 

We wish to thank the Director and Council of the W ool 
Industries Research Association and the International 
Wool Secretariat for permission to publish this work, 
and Dr S. Blackburn for carrying out — OMe deter- 
minations. 
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The Relative Efficacy of Calcium Carbonate and Calcium Phosphate 

in Preventing Rickets in Rats 

By JOHN YUDKIN (Sir Halley Stewart Research Fellow), Dunn Nutritional Laboratory, 

University of Cambridge and Medical Research Council 

{Received 2 August 1^43) 


Present knowledge of the metabolism of calcinm 
and phosphorus suggests that calcium phosphate is 
likely to be more effective as a calcifying agent than 
the carbonate. Since the question of dietary sup- 
plies of calcium became topical with the proposal to 
add carbonate to bread, some experiments were 
begun to compare the power of the carbonate and. 
the phosphate to prevent rickets in rats. The 
applicability of the findings to human rickets will 
be discussed after the presentation of the results. 

EXPERIMENTAL 

General plan. The general plan of the experiments was to 
place young rats on diets comprising mostly flour to which 
were added varying amounts of CaCOa or CallPO^; after 
5 weeks on these diets the ash content of both femurs of 
each animal was determined. The rats at the beginning of 
the experiment were about 6 weeks old and weighed about 


50 g.; they were kept in separate cages throughout the ex- 
periment and weighed weekly. Each group receiving a 
given level of Ca contained five animals. CaOOs; was given 
as the preparation used to fortify bread, i.e. creta preparafa 
B.P. The highest amount of each salt added to the diet was 
equivalent to 3% of Ca, i.e. 7*5% CaCOs or 10*1 % CaHP04. 

Diets. In most of the experiments the basal diet con- 
sisted of flour to which was added 1 % NaCl. The flour Avas 
either white (70% extraction) or National Wheatmeal 
(85 % extraction). When white flour was used the rats were 
given supplements of aneurin and riboflavin equivalent to 
lOjLtg. daily of the former and 4 jag. of the latter. No supple- 
ment was given with the wheatmeal flour. For comparative 
purposes one experiment was carried out with a maize diet 
similar to that commonly used for producing rickets in rats. 
This basal diet contained maize meal 76 parts, gluten 20 

parts. ^ : 

To the basal flour or maize diets AA'^ere added 1% NaCl 
and varying amounts of the calcium salts. No turther addi- 
tions were made. With three parts CaCOg, the maize meal 
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diet is tlie racliitogeiiic diet 2965 of Steenbock & Black 
[1925] and is tiiat normally used in this laboratory for 
producing rickets. 

Exaudnation of bones. The knee joints ofdhe rats were 
X-rayed at the end of each experiment and in some in- 
stances during the course of the experiment. The femurs 
were removed on the day the rats were kiUed. They were 
cleaned by hand and extracted with ethanol in a Soxhlet 
apparatus, dried, weighed and ashed at dull-red heat. The 
results are expressed as the percentage of ash in the dried 
bones. ‘ 

RESULTS 

Effect of calcium carbonate and of calcium 
phosphate on the ash content of bones 

(a) White flour. With diets containing no added 
Ca, the ash content of the bones was, in three ex- 
periments, between 32 and 35 % (Eig. 1). With 
added CaHP 04 , the maximal ash content of about 
60% was reached with approximately 0-4% Ca 


A, 



ment of aneurin only and no riboflavin; although 
‘ this influenced their growth rate (see below), it did 
not affect the ash content of the bones. 

(h) Wheatmeal flour. In many respects, the ex- 
periments with wheatmeal flour (Fig. 2) gave re- 
sults similar to those with white flour. The bones of 
animals on the basal diet with ho added Ca had an 
ash content of about 32 %. The addition of CaHP 04 
to the diet produced an ash content of about 50% 
with some 0*4 % Ca, and there was no change with 
an increasing amount of Ca. Addition of CaCOg 
resulted in a maximal ash content at about 0*2% 
Ca, which rapidly fell with increasing amounts of 
dietary Ca to a value slightly below that of the 
animals on the basal diet. The only difference be- 
tween the results with the white and with the 
wheatmeal flours appeared to be that the maximal 
calcification produced by the addition of CaGOs to 
wheatmeal flour was greater (about 50 %) than that 
produced with white flour (about 42%); that is, 
with the former the maximal ash content was the 
same whether CaCOg or CaHP 04 was added. Since, 
however, a slight difference m the amount of 
dietary CaCOg in the region of 0*2% Ca produced 
such a great effect in the hones it is possible that an 
addition to white flour slightly higher or lower than 
this might also have resulted in an ash content 
approaching 50 %, and the apparent difference may 
be fortuitous. 

(c) Maize diet. The results with the maize-gluten 
mixture were similar to those with flour (Fig. 3). 




Pig. L, White-flour diet: effect of CaCOg. (continuous line) 
and CaflPO^j (dotted line) on bone ash. 




Pig. 3. Maize-gluten diet: effect of CaCOg 
and CallPO^ on bone ash. 


Pig. 2. Wheatmeal diet: effect of CaCOg 
and CaHP 04 on bone ash. 

and little difference was produced with an increase 
of Ca up to 3 %. ‘With added CaCOg , however, the ash 
content never exceeded 42 %, a level reached with 
0*2% Ca\* higher levels of CaCOg reduced the ash 
content, wdiich eventually fell to 28%, i^e. below 
that of the animals receiving no added Ca. In a 
preliminary experiment the rats received a supple- 


The addition of CaHP 04 concentration above 

0*4% Ca produced a high degree of calcification. 
Lower concentrations (0*2% Ca) of CaCOg pro- 
duced an improvement in calcification, but this 
deteriorated with higher concentrations. This 
diminution in effect was not so rapid as with, the 
flour diets ; for example, the ash content of the flour 
diets had reached its minimal level -with 1*2% Ca, 
whereas with the maize diet there was a fui*ther 
decrease from 37% with 1*2% Ga, to 32% with 
3% Ca. 
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Effect of calcium carbonate and 
calcium phosphate on gro wth 

It is loiown that, other things being equal,, the 
degree of rickets which an animal develops is pro- 
portional to its rate of growth. It might have been 



Weeks 

Fig. 4. White-flour diet : effect of CaCOg 
and CaHP 04 on growth. 



Fig. 5. Wheatmeal cliet: effect of CaCOg 
and CaHP 04 on growth. 



Fig. 6. Maize-gluten diet: effect of CaCOg 
and CaHP 04 on growth. 

thought that the differences in the calcification 
noted above were due to differences in rates of 
growth; the higher levels of dietary CaCOg, for 
example, might be producing their rachitogenic 


effect by increasing the rate of growth. Such an. 
explanation, however, must be discounted. A study 
of the growth curves shows that the rate of growth 
was lowered in each instance by the higher amounts 
of CaCOg in the diet (Figs. 4-^6), Also the rate of 
growth on the flour diets was less with CaCOg than 
with the CaHP04, whilst. the i*© verse was true with 
the maize-gluten diet; as we have seen, in all of 
these diets the phosphate at high levels of intake 
produced better calcification than the carbonate. 

There are other interesting features of the growth 
curves which are worth noting. Growth on the flour 
diets to some extent paralleled the ash content of 
the bones; this was especially noticeable with the 
white-flour diets containing CaCOg . It was less 
true with those containing CaHP04, where the 
higher levels of this salt diminished growth, 
although they did not decrease the ash content of 
the bones. With the maize-gluten diet there was less 
parallelism; for example, with higher amounts of 
Ca, the CaHP04 resulted in a lower growth rate than 
CaCOg, although it produced better calcification. 
In all instances growth was better on the wheat- 
meal-flour diet than on the white -flour diet, even 
though the latter contained added anetu’in and 
riboflavin [cf. Chick, 1940]. In the preliminary ex- 
periments, to which reference has already been 
made, in which aneurin only was given, there was, 
in the absence of added Ca, a slight average loss of 
weight (0*7 g./week) compared with a gain of 1*7 g. 
when both vitamins were given. 0*2% Ca or 

more w^as added, either as CaHP04, or as CaCOg, the 
growth-promoting effect of riboflavin was not 
observed. 

' Discussioisr 

It is known that the calcification of bone, especially 
in the absence of vitamin D, is to a large extent de- 
pendent on the Ca/P ratio in the diets. The different 
effects of the addition of CaCOg and CaHP04 to the 
diet on the bones of the animals appear to be due 
to this cause. In the absence of added Ga the ra-tio 
Ca/P is always low; 0*16 with white flour (70% 
.extraction), 0*10 with wheatmeal flour (unfortified; 
85% extraction) and 0*10 with the maize-gluten 
diet (Tables 1,2). Addition of CaHPO^ increases the 
ratio, which reaches a value of one, or slightly more, 
for all the diets, with an addition of 1*2% Ca as 
CaHP04, and increases only slightly with further 
additions. With additions of CaCOg the ratio in- 
creases to very much higher levels. With 0*2 % Ca 
as CaCOg, the ratio is 2*05 for white flour, 1*10 for 
wheatmeal flour and 1*00 for the maize-gluten diet; 
with higher levels of CaCOg the ratio rises rapidly, 
so that with 1*2% Ca it is betw'een 5 and 10 and 
with 3% Ca it is betw’een 13 and 28. In all in- 
stances, therefore, maximal Oalcificatiori occurred 
with a ratio between 1 : 1 and 2:1. 
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Table 1. Ca, and P content oj flours and 

niciize -gluten mixture 



Ca 

P 



(nig./lOO 

g.) (mg./lOOmg.) 

Ca/P 

White flour . 

T6-7' 

106 

0-16 

Wheatmeal flour 

20 

200 

0*10 

Maize-gluten mixtoe 

22-3 

221 

0*10 


These values have been very kindly supplied by Miss 
B. M. Widdowson. The values for the white flour and the 
maize-gluten mixture were from actual analyses of the 
samples used in these experiments ; the values for the wheat- 
meal flour were average values obtained from the analysis 
of a large number of samples, in which it was found that the 
range of variation was fairly small. 

Table 2. Ca/P ratios of flours and maize^gluten 
mixture with various additions 0 / CaCOs anc? CaHPO^ 


1 to 

White 

Wheatmeal 

Maize-gluten 

)0 g.) 

flour 

flour 

mixture 

0 

0-16 

0-10 

0-10 

0-05 

0-64 

0-35 

0-33 

0*2 

2-06 

1-10 

1-00 

0*5 

4-87 

2-60 

2-36 

1-2 

11-5 

6-10 

5-54 

3-0 

28-5 

15-1 

13-7 

0*05 

0-46 

0-29 

0-28 

0-2 

0-83 

0-62 

0-59 

1-2 

1-17 

1-08 

1*06 

3-0 

1-29 

1-20 

1-18 


Adequate calcification depends not only on the 
ratio Ca/P but also on the absolute amounts of Ca 
and P ; if both are low, the bones will not be well 
calcified. It may be that the poor calcification 
which occurred on the basal diets without added Ca 
was due to this fact and not to the very low Ca/P 
ratios. The amounts of P in the wheatmeal bread 
and maize-gluten diets are, however, fairly high. It 
seems likely therefore that the low ash content pro- 
duced by the basal diets represents rickets of the 
Tow-calcium’ type, whilst the low ash content 
produced by the higher levels of CaCOs represents 
rickets of the ‘ low -phosphorus ’ type. The mechanism 
of the production of Tow -phosphorus’ rickets with 
high Ca/P ratios seems to be a reduction of the 
absorption of P by the excess of Ca. 

It is recognized that the metabolism of Ca and P 
in human beings is appreciably different from that 
in rats. For example, rats usually absorb nearly 
i 00 % of their dietary Ca, a proportion much higher 
than that ev& reached in human subjects. Never- 
theless, a comparison of rickets in human beings and 
in rats is not without some value. In both there is 
excessive faecal loss of PO 4 and sometimes of Ca, as 


well as a low blood PO^. Administration of vitamin 
D in both cases restores these values to normal. 

That CaCOg might be rachitogenic in human 
beings as well as in rats is suggested by experi- 
mental observations. McCance & Widdowson 
[1942] have demonstrated that absorption of PO 4 
in experimental subjects is lowered by the inclusion 
of CaCOg in bread. In experiments on babies and 
children, Stearns & Jeans [1934] showed that Ca and 
P were adequately retained in the body when given 
as milk or as CaHP 04 but less was retained when 
Ca was given as carbonate, gluconate or lactate. 
Only one study, however, was made with CaCOg. 

The quantity of CaCOg at present added to wheat- 
meal bread is 65 mg. Ca to 100 g. flour (i.e. 0*065 %). 
In our experiments with rats these small amounts 
always result in improved calcification. It "would, 
however, be imwise to transfer these quantitative 
results directly to the question of hmnan rickets. 
Moreover, the rats were receiving diets restricted to 
a degi*ee which would certainly not obtain in human 
subjects. The work here reported may best be con- 
sidered as tests of the relative value of CaCOg and 
CaHP 04 in favouring bone formation, using rats as 
a ‘biological indicator’. The results suggest that at 
high levels of dosage the carbonate is inferior to the 
phosphate. At lower levels, comparable with the 
quantities added to bread, CaCOg is as efficacious as 
CaHP 04 in improving the calcification of the bone 
of the rat. Whether the carbonate is as good as the 
phosphate for children, as obtains with growing 
rats, in the quantities likely to be ingested, can be 
determined only by trial. 

SUMMARY 

1 . The effect has been studied in rats of the 
addition of calcium carbonate or calcium mono- 
hydrogen phosphate to basal diets consisting of white 
flour, wheatmeal flour or a maize-gluten mixture. 

2 . In all instances the addition to the diet of 
carbonate increased the ash content of the bones 
when it was added in small amo"ants in the propor- 
tion present in National Wheatmeal bread; larger 
amounts, however, led to a reduction in the ash 
content. Phosphate, on the other hand, produced 
adequate calcification, not only in these small 
amoimts, but also in amoimts up to 3 % Ca. 

3. These differences were not due to the known 
aggravation of rickets which results from an 
acceleration of growth. With the wdiite-flour diet, 
for example, the gain m weight was less with added 
carbonate than with phosphate. 

4. The applicability of these results to human 
dietaries is discussed. 


REFERENCES 


Chick, H. [1940]. Lancet, 2, 511. 

McCance, R. A. & Widdowson, E. M. [1942]. J, Physiol. 
101,44. , ; 


Stearns, G. & Jeans, P. C. [1934]. Proc. t^oc.-exp, Biol., 
N.7., 32, 428. 

Steenbock, H. & Black, A. [1925]. J. biol Chem. 64, 263. 



VoL 


547 


,Tlie Rate 'of Enzymic Hydrolysis of Phosphoric Esters 

RELATION OF STRUCTURE TO DISSOCIATION CONSTANT, MICH ABLIS , CONSTANT, 

AND RATE OF HYDROLYSIS 


By G. E. DBLORY and E. J. KING, British Postgraduate Medical School^ London^ IF. 12 

{Received 15 July 1943) 


Since Fischer [1898] suggested the possibility that a 
chemical combination took place between an 
enzyme and its substrate, the kinetics of many 
enzyme reactions have been explained by postu- 
lating such a combination and applying the mass 
action laws. The classical exahaple of this form of 
treatment is the equation of Michaeiis & Menten 
[1913]. In their study of mammary gland phos- 
phatase, Folley & Kay [1936] obtained results 
which were in good agreement with the requirements 
of this equation, when allowance was made by the 
method of Haldane [1930] for inhibition with high 
substrate concentrations. Martiand & Robison 
[1927] found no variation of activity of phosphatase, 
with concentration, but our results suggest that 
these workers were using concentrations of sub- 
strate too high to show the Michaeiis -Menten effect. 

Several workers have noted the different rates at 
which phosphoric esters are hydrolyzed by phos- 
phatase, e.g. Martiand, Hansman & Robison [1924], 
Kay [1926; 1932] and Asakawa [1928]. King & 
Armstrong [1934] showed that hydrolysis of phenyl 
phosphate by bone phosphatase is more than twice 
as fast as that of glycerophosphate and many times 
faster than that of ethyl phosphate. King & Delory 
[1939] studied other phosphoric esters and sug- 
gested that the hydrolysis rates might be related to 
the Michaeiis -Menten constants. In the present 
paper we have made a stxidy of the rates of hydro- 
lysis, optimum pH, and Michaeiis constants, 
together with determination of the degree of 
dissociation of the phosphoric esters employed. The 
following esters were used: a-glycero-, ^-glycero-, 
ethyl-, phenyl-, o-bromophenyl-, m-bromophenyl-, 
p-bromophenyl-, 2:4-dibromophenyi-, 2:4:6-tribro- 
mophenyl-, p-nitrophenyl-, and o-cresyl phosphates. 

METHODS 

Preparation of a piotent phosphatase. A potent preparation 
was desirable in order to minimize the effect of contaminants 
and to permit short (5 min.) periods of hydrolysis, during 
which the rates of enzymic hydrolysis were not very different 
from initial velocities. Dialyzed and precipitated kidney 
and intestinal preparations were not effective. The potent 
phosphatase derived from dog faeces by the method of 
Armstrong [1935] was used. The brown powder obtained 
by procedures ‘ A ’ and * b ’ of this author was dried in vacuo. 
In the presence of an optimal amount of Mg it showed an 


activity of 10,000 King- Armstrong phosphatase units/g., 
and still retained its activity after 5 years in the refrigerator. 

A solution of 1 unit/4 ml. was prepared as follows: 1 mg. 
of the preparation was dissolved in 30 ml. 0*9 % NaCl 
containing enough MgSO^ to make the final MgS 04 con- 
centration Jf/100. The phosphatase activity (about 
30 units/100 ml.) was measured accurately by the method 
of King, Haslewood & Delory [1937]. The solution was then 
diluted so as to contain exactly 25 units/100 ml. 

Preparation of phosphoric esters, see King & Nicholson 
[1939]. 

Determination of degree of dissociation of phosphor ic esters. 
The apparatus used for the pH estimations was a hydrogen 
electrode with saturated calomel electrode and the Moloney 
[1921] platinum electrode. The latter was designed to hold 
a film of the solution, whose pH is to be determined, across 
the platinum electrode. Since it was only necessary for a 
small volume of solution to become saturated with H 2 , ionic 
equilibrium was reached immediately. The potentiometer 
available was accurate to the nearest 0-01 pH. The apparatus 
was checked with a standard acetic acid-sodium acetate 
buffer of pH 4*63. The following procedure was adopted: 
20 ml. of a N/IO solution of the salt of the phosphoric ester 
were pipetted into the reaction vessel. N/10 HCl was added 
in 0*2 ml. quantities, the pH being determined after each 
addition, and the pK determined graphically [cf. Pine 
& Pinhey, 1929]. 

The graphs for p-bromophenyl-, o-bromophenyl-, phenyi- 
and a-glycero-phosphate are given as examples in Fig. 1- 
The pK"s are included in Table 1. 

Choice of a suitable buffer system. A buffer system covering 
the range of pH 7-11 and having the minimum effect on 
the. rate of hydrolysis was obtained by combining the 
Michaeiis [1930] veronal — HCl buffer and the Kolthoff 
[1926] NagCOa-HCl buffer [King & Delory, 1940]. 

Determination of the optiynum pH for hydrolysis and rate 
of enzyme activity. 4 ml. phosphatase solution (1 unit), 
4 ml. buffer and 2 ml. Jf/100 substrate were incubated at 
' 37° for exactly 5 min. The enzyme action was stopped by 
adding 2 ml. acid molybdate [King & Delory, 1939]. 

Determination of Michaeiis constant'. 

m .r „ 1 , 1 . 1 ^ 1 \ 


where x is the molar concentration of substrate, v is the 
velocity of hydrolysis, is the dissociation constant of 
the enzyme-substrate compound (Michaeiis constant) and 
F is the velocity when x is large compared with 
A curve of this equation will clearly be of the form of the 
dissociation of a weak acid and at the point at which 
I where the velocity of hydrolysis is half the 
limiting velocity, will be equal to the substrate con- 
centration X. 



Two ml. of the ap[>rop7-iaie buffer solution together with 
an appropriate aiiioiiiit of water to make a final total 
TOhiiTie of 10 rni. were pipetted into lo, ml, volumetric 
flasks. Tbe flasks were placed in a water bath at 37° for 
2 min. to allow tlie contents to attain the temperature of the 
bath. Two ml. of fclie enzyme solution %vere added, followed 
by the stat(‘d amount of il//100 substrate solution. The 
arrangement for the 7 flasks used w'as as follows: 


reached and the value was checked by substituting for 
several points in the Michaelis-Menten equation. 

RESULTS 

In Table 1 are given for each ester : (a) the negative 
logarithm of the dissociation constant (pK); (b) the 
pH at which hydrolysis by the faecal phosphatase 


Flask 

ml. df/100 
substrate 

ml. water 

log molarity 
of substrate 

1 

0*1 

5-9 

-4*00 

2' 

0-2 

5*8 

-3*70 

3 

0*5 

. 5*5 : 

-3*30 

4 

1-0 

5*0 

-3*00 

5 

2-0 

4*0 

-2*70 

6 

4-0 

2*0 

-2*40 '■ 

7 

0*0 

• _ . , 

'■ ^-2*23 


After exactly 5 min., 2 ml. acid molybdate were added. 
An observer stood by with a stop-watch to note the time 
at which the substrate was added, to each flask, and to 
signal when the enzyme activity should be stopped by the 
addition of the molybdate solution. 0-5 ml. aminonaphthol- 
sulphonic acid was then added to each flask, and water to 
the mark [King, 1932]. The amount of inorganic P liberated 
was plotted against the logarithm of the substrate con- 
centration. Inspection of the graph gave the substrate 
concentration at which half the limiting velocity was 


Table 1. Bates of enzymic hydrolysis of 
phosphoric esters 


Phosphoric ester 

p£: 

Opti- 

mum 

pH 

Inorganic P 
enzymically 
liberated in 

5 min. 
(mg./unit 
phosphatase) 


p-bromophenyl 

544 

9*96 

0*099 

0*0003 

2:4-dibromoph6nyl 

5*60 

9*95 

0*085 

0*0004 

o-bromophenyl 

5*60 

9*80 

0*086 

0*0004 

55 -nitrophenyl 

5*70 

9*80 

0*082 

0*0005 

phenyl 

5*73 ■ 

9*76 

0*069 

0*0006 

o-cresyl ■ . 

6*04 

9*55 

0*042 

0*0008 

2:4:6-febromophenyl 

6*10 

8*94 ■ 

0*036 

0*0008 

jS-glycero 

6*34 

8*82 

0*029 

0*0012 

a-glycero 

6*44 

8*62 

0*019 

0*0014 

ethyl 

6*45 

8*08 

0*008 

0*0025 

m-bromophenyl 

Almost 

un- 

Very little 

— 


dissociated 

hydrolyzed 



p.br«mopIif‘nyl [iho^phatc | o-bromopht-nyl phosphate 


P’ broniophenvl phosphate 
Km » 0*0003 


o*broinopht;nvI phosphate 
K;,»=0'000t 


f*5 5-0 5*5 />ii 6*0 6*5 5*0 5*5 /;H 6*0 6*5 


pheml pho^jihatt* 


cr-<*lu’rrophosphate 


-3*3 -S-O “2*3 -2*0 

Log molarity of substrate 

<x*gl)’ccropliosphate 
Km = Q’0014 ^ 


-3*3 -3*0 -2-5 r2*0 
Log molarity of suljsirruc 

phenyl phosphate 
Am = b'0006 


5*5 6*0pfl6*5 7-0 7-0 «4.(;) -,3.5 -.3.0 „2-5 -2*0-4*0 ;“3*3 , -3*0 “2*^^^^^^ 

Log molarity of substrate Log molarity of substrate 
i*,, ,, , , ' , , Mg.2. , , 

Pig. 1. Dissociation curves for i3hosphoric esters. 20 ml. of a AflO solution of the salt of the ester titrated with .V/IO HCL 
Gontinuous lines were drawn from data derived from the equation pH =pA:-!- log a/(l - a), the value of the constant 
p/{ being chosen so as to give the best fit for the determined values. 

Fig, 2. Cur\ es showing Michaelis effect of phosphoric esters and faecal phosphatase at the optimum pH. The continuous 
lines were drawn from data derived from the equation log ~=iog -flog - 1 V the values of the constant 
being chosen so as to give the best fit for the determined values. 
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! occurs at the maximmn rate (optimum pH); and 

(c) the Michaelis constant (K^) for the enzymic 
hydrolysis at the optimmn pH. The pH-dissociation 
curves forp -bromophenyh, o -bromophenyl-, phenyl- 
^ and a-glycero -phosphate are given in Fig. 1, while 
I the curves showing the rate of enzymic hydrolysis 

I at the optimum pH for the same four esters are 

j illustrated in Fig. 2. In the latter case, thnmethod 

[ adopted by Folley & Kay [1935] has been followed 

in the presentation of the graphs, the continuous 
line showing the theoretical curves for the Michaelis 
^ constant specified, and the experimental values 

being represented by crosses. 

! A preliminary experiment had shown that in the 

j case of phenyl phosphate the theory of Michaelis 

j was closely folio-wed up to a concentration of 0-009 M, 

; but that above this concentration, the velocity of 

hydrolysis decreased in accordance with the theory 
I of Haldane [1930]. In the main series of experi- 

I ments the higher concentrations, where deviations 

from the Michaelis -Menten equation might have 
' been expected, were not investigated, since the 

[ main object was the determination of the Michaelis 
constants for the several esters. 

The results indicate that with increasing acidity 
j (i.e. decreasing pK) of the substrate there is an 

J increase in the amoimt of hydrolysis, whilst the 

pH of optimimi hydrolysis shifts to an increasingly 
I alkaline reaction; 

i 

i DISCUSSION 

( ■ 

All the aromatic phosphoric esters (except m-bro- 
mophenyl) are more acidic and combine more 
strongly with the enzyme than the aliphatic esters. 
Of the latter ethyl phosphate is a weaker acid and 
i is less strongly attacked enzymatically than the 

I glycero-phosphates, which recalls the fact that 

^ ethyl chloride is much less chemically active than 

the chiorohydrins. The addition of an aliphatic 
group to an aromatic nucleus, as in o-cresyl 
phosphate, appreciably lowers activity, 
i The difference in behaviour of the o-, m-, and 

p -phenyl phosphates is noteworthy. The p-com- 
po-und is the most rapidly hydrolyzed, whilst the 
J o-compound occupies an intermediate position. 

These observations may be compared with the facts 
that p-methoxybenzyl bromide is hydrolyzed by 
acids much more rapidly than the benzyl bromide. 
The o-compcund is also hydrolyzed more rapidly 
than the parent compound, whilst m-methoxy- 
benzyl bromide is hydrolyzed less rapidly than the 
unsubstituted benzyl bromide [Waters, 1935]. It 
, is also quite common to find a descending order of 

acidity in passing from p -compounds through o- to 
m-. An example may be given from thepJT’s of the 
nitrophenol isomers: p-nitrophenol 7*15, o-nitro- 
phenol 7*17, w-nitrophenol 8*41. 


OF PHOSPHORIC ESTERS * ■ :p49 

■ Martland & Robison [1927] suggested two possi-. 
bilities: (1) that phosphatase , had the properties of 
a weak base whose undissociated molecules combine 
with a phosphoric ester to form a compound, which 
thereuxoon breaks dowm into the products of 
hydrolysis, or (2) that the enzyme combined with 
the ester to form a compound having the properties 
of a weak acid, whose anions suffer spontaneous 
decomposition. Our results seem to favour the first 
hypothesis, since an enzyme having basic properties 
might be expected to have the greatest affinity for 
that substrate with the most electro -negative 
grouping. Thus the greater the affinity between the 
substrate and the enzyme, the greater will be the 
rate of enzymic activity and the smaller the 
Michaelis constant. 

Many workers, e.g. Martland & Robison [1927]^ 
have shown the gradual inactivation of phosphatase 
in alkaline solution. Kay [1932] has suggested that 
the rate of hydrolysis continues to increase -vdth 
rise of alkalinity, and the apparent optimum is set 
by the increasing rate of enzyme destruction. This 
accords well with the further observation of 
Robison, who found that the enzymic hydrolysis of 
glycero-phosphate reached a maximum at pH 8-4 for 
an 18 hr. period of hydrolysis, and 9-4 for shorter 
periods. It is therefore suggested that the higher 
pH optimum values obtained here for the more acid 
esters are due to a greater protection of the enzyme 
against the inactivating effect of the hydroxyl ion. 
There are many examples of the protection of an 
enzyme by its substrate, e.g. trypsin is protected 
against heat inactivation by egg albumin, malt 
amylase by starch, and urea protects urease against 
the inactivating effect of' certain dyestuffs. 

The following explanation may, therefore, 
acco-unt for the results described in this com- 
munication. The enzyme has basic properties which 
enable it to combine with the substrate, the affinity 
between the two substances increasing with de- 
creasing pK of the substrate. The greater this 
affinity, in other words, the smaller the Michaelis 
constant, the greater is the rate of hydrolysis, the 
greater is the degree of protection given to the 
enzyme against the inactivation effect of hydroxyl 
ions, and in consequence the higher the optimum pH . 

SUMjMARY 

1. The rates of hydi’olysis of several phosphoric 
esters by faecal phosphatase have been investi- 
gated, together with the Michaelis constants of the 
reactions and the dissociation constants of the 
esters. 

2. The results show that with decreasing pK of 
the substrate the rate of liydrolysis increases 
progressively, and the enzyme is optimally active 
at a more alkaline pH. The Michaelis constants 
decrease with decreasing pK of the substrate. 
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3. These observations are consistent with the 
hypothesis of Ma.rtiand & Bobison [1927] that the 
enzyme possesses the properties, of a weak base, 
whose iindissociated molecule combines with the 


into the products of hydrolysis, and with the 
postulate of Kay [1932] that the rate of hydrolysis 
continues to increase with increasing alkalinity and 
that the apparent optimmii is set by the increasing 


substrate to form a compound which breaks down rate of enzyme destruction. 
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It has long been known that only about one-half of 
the nitrogen of the potato is in the form of protein, 
the remainder being in amino -acids and amides, 
chiefly asparagine. Neuberger & Sanger [1942] have 
recently shown that not only the total N of the 
potato, but also the relative proportions of the 
^ above three types of nitrogenous compounds, are 
widely different in different varieties, and that 
generally the amount of true protein N is rather 
less than half the total. 

Although it is common convention in agricultural 
practice to reckon the protein value of the potato N 
as that obtained by adding together the true protein 
value and one-half of the value obtained by multi- 
plying the non -protein N by 6*25, in this^“ paper the 
proportion of the N in the different diets, rather 
than that of the protein, is considered, and the term 
crude protein is used to indicate the figure obtained 
by multiplying the total N by 6*25. 

The maintenance of N equilibrium in adult man 
by potatoes was established by Hindhede [1913], 
Abderhalden, Ewald, Fodor & Bose [1915], Bose & 
Cooper [1917], Bubner <fe Thomas [1918] and by 
Kon & Klein [1928]. The last-named workers found 
that N equilibrium and good health could be main^ 
tained for several months iti an adult man and 


woman on a diet of steamed potato, butter fat and 
fruit. The daily N intakes averaged 5-7 and 3-8 g. 
respectively. 

The value of potato nitrogen for the support of growth. The 
value of potato N for the support of growth is not so clear, 
for it is difficult to obtain a sufficiency for young animals 
with potato alone since the protein is diluted with so much 
starch. McCollum, Simmonds & Parsons [1918] fomid that 
hardly any weight increase occurred in young rats when 
potatoes provided the only source of N. The diets contained 
but 7-8 % crude protein. However, growth was no better 
when cereal proteins were fed at the same level but was 
much improved on addition of 5 or 10 % of casein. Growth 
of rats on diets containing 9 % protein from oats, maize, 
peas or millet was much better and reproduction occurred 
when a proportion of these was substituted by potato, thus 
indicating a supplementary action of the N of the latter for 
that of the above grains [McCollum, Simmonds So Parsons, 
1921]. Hartwell [1925; 1927] found that potato providing 
7-6 % crude protein in the diet supported only very poor 
growth in rats and was quite insufficient for lactation. 

Mitchell [1924 5] determined the biological value of potato 
N for growth and maintenance in young rats by his modifi- 
cation [1924 a] of Thomas’s N balance technique. The bio- 
logical value, when the diet contained 5% crude protein,^ 
was 68*5, as compared with 72 for maize, 78*6 for oat, and 
86*1 for rice protein. With 10 % crude protein in the diet, 
the biological values were 66*7 for potatoes, 59*6 for maize 
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and 64-9 for oats. These results are somewhat inconclusive, 
since potatoes appeared to be inferior to cereal proteins 
when the diet contained 5% crude protein but as good or 
better when it contained 10 % . 

Schiftan [1933] made a series of careful N balance experi- 
ments with pigs fed on diets in which respectively potatoes, 

I barley and other foods were the only sources of protein. 

The tests were made with protein given at maintenance 
level, and also at a level to support both maintenance and 
growth. His experiments were carried out on fom* animals 
I only and the collection periods were of 5 days’ duration; 

* his technique was, however, unexceptionable and good 

agreement was obtained in duplicate tests made on different 
pigs. For maintenance, the biological value of potato N in 
1 a diet containing 2-2 % crude protein was 69*6, and that of 

!. barley H in a diet containing 2-3 % was 58*7. Milk, casein 

I (purified) and fish meal gave figures of 100-6, 69-3 and 66-2 

1 respectively. For growth and maintenance, the biological 

I value of potato IST was 73*2 in a diet containing 13 % protein. 

; The value for N of fishmeal was of about the same order 

and the values for that of milk and casein again superior. 
Potato N was thus slightly superior to that of barley in the 
tests at both low and high levels of intake. Since biological 
! ' values of proteins normally fall as protein level is raised, 

I one would expect that the value obtained for barley for 

growth and maintenance in the above experiment would 
be relatively too low in comparison with that given for 
potato. However, Schiftan, contrary to other investigators, 
found in general that his biological values increased slightly 
with level of protein fed. 

Jones & Nelson [1931] obtained poor growth with rats 
I on diets containing 9% of crude protein from potato. 

■ Neither addition of gelatin, nor a supplement of tryptophan 

^ or of tjnrosine and cystine with or without gelatin, improved 

matters, but addition of casein or iaotalbumin supplemented 
the potato, and good growth occurred. The potato N was 
fed as a concentrate, prepared by removal of the starch, 
and contained 90 % of the original N. From this experi- 
ment it appeared that the potato lacked some unidentified 
essential amino-acid. Beadles, Braman & MitcheE [1930], 
on the other hand, also working with rats, had previously 
found that cystine itself improved growth when added to 
a potato diet containing 8-9% crude protein. The potatoes 

’ were boiled and dried at low temperature. 

I The biological value of the true protein of potato appears 

> to be fairly high. Kon [1928], using Mitchell’s N balance 

technique for estimatmg its value for gro\?th and main- 
' tenance of rats, found a biological value of 71 for tuberin 

I compared with 68 for caseinpgen; both proteins were fed at 

i a level of 8*5-8-6 % in the diet. By the method of Osborne, 

Mendel & Ferry [1919] with growing rats, he obtained a 
j maximum figure of 2-0 g. weight increase per g. of protein 

intake, when the diet contained 8 % protein. 

Mangold & Columbus [1937] used Schiftan’s technique to 
determine the biological value, for maintenance of N balance 
in pigs, of two dried potato protein concentrates called 
potato protein pulp flakes’ {Kartoffeleiweiss-pulpe-flocken) 
and ‘potato protein flakes’ (Kartoffeleiweiss-fiocken), re- 
spectively. In these preparations nearly all the N was in 
the form of true protein. The biological value of the ‘potato 
protein pulp flakes’ was 86-3 in a diet containing 3-8% 
protein and 88*5 in one containing 7-1% ; that of the 
‘potato protein flakes’ was 83-3 in a diet containing 5*1% 
protein and 79*0 when it contained 9*7 %. 

Digestibility of potato nitrogen. In the following para- 
i graphs the coefficient of digestibility refers to ‘apparent’ 





i 


digestibility, the figure for which is calculated from the 
difference between the N ingested and that eiiiiiinated in 
the faeces, on the assumption that the latter is derived 
from undigested food. The faeces, however, also contain N 
of endogenous origin, e.g. that contributed from gastric 
and intestinal secretions from, and into, the gut. A large 
proportion of the N of faeces is contained in its bacterial 
component and it is uncertain whether these bacteria are 
nourished jhom endogenous nitrogenous substances or from 
those of undigested food. The true digestibility of any food 
will therefore always be greater than the apparent digesti- 

The figures quoted in the literature for the digestibility 
of the crude protein of potatoes are very variable and 
usually low. Table 1 gives a summary of the figures obtained 
with swine for potatoes and various potato products; it will 
be seen that the coefficients of apparent digestibility vary 
from 0 to 84 %! There are four possible explanations of 
this great variation: (1) that the variations are dim to 
differences in the samples or varieties of potatoes before 
cooking or processing, (2) that the digestibility is affected 
by processing, (3) that it depends on the bacterial flora 
inhabiting the gut, (4) that it is affected by other con- 
stituents of the ration. There is not sufficient evidence in 
the literature to permit discussion of the first and third 
possibihties, but so far as the effect of processing is con- 
cerned, it is noticeable that all the lower figures for digesti- 
bility with the pig have been obtained with potatoes dried 
in various ways. With herbivora, on the other hand, com- 
paratively low digestibility coefficients have frequently been 
obtained for cooked fresh potatoes. For example. Woods 
[1919] found a coefficient of 43-4% for the sheep, Briigge- 
mann [1939] 58-3 % for the rabbit, and Woodward, Davidson, 
Watson, Robinson & Muir [1938] 65*0% for the steer. 
Kellner, Just, Eisenkolbe & Poppe [1908] determined the 
digestibility of different (^ied potato products, fed in com- 
bination with soya-bean meal, with pigs and sheep; with 
both there were large differences between the different 
products, but the order of their merit was different in the 
two species. For example, potato flakes dried by the 
Paucksoh process gave the highest coefficient (75-5%) with 
pigs and the lowest (14-4%) with sheep. 

It is probable that some of the very low figures may be 
connected with the method of computation. In many in- 
vestigations determination was first made of the digesti- 
bility of a ration, often of mixed foodstuffs, and then again 
when a portion had been substituted by potato or potato 
products. Any lowering in digestibility in the second case 
compared with the first was then attributed solely to the 
potato. If the potato was present in relatively small pro- 
portion, the result of such a calculation will give an unduly 
low figure for its digestibility. 

Fingerling [1932] obtained the very low digestibility 
coefficient of 29*2 % for the crude protein of potato cossettes 
when fed to pigs with fishmeal and barley meal. When the 
basal ration consisted of fishmeal and potato flakes, the 
digestibility of the nitrogen of additional potato flakes, 
however, was 70*5 % . It is possible that in the first test 
the digestibility of the fishmeal and barley meal was de- 
pressed by addition of the potato cossettes and that, in the 
second, the addition of extra potato flakes caused no further 
depression in the digestibility of a ration whicli already 
contained them. With steers, the digestibility of the crude 
protein in both flakes and cossettes was low, but the order 
was reversed; the coefficient for flakes w^as negative while 
that for the cossettes was 30-9%; in these experiments the 
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Section 1. GROWTH EXPERIMENTS 


METHODS 

The object of the experiment was to compare the 
growth of pigs which received ail their protein as 
barley, or as barley supplemented with certain 
of casein, with that of pigs which received all 
their protein as potato, or as potato supplemented 
with identical levels of casein, 

Mtcheirs paired feeding metiiod was adapted to the 
conditions of this experimental layout. Twenty-four pigs 
(17 hogs and 7. gilts) of the Wessex Saddleback breed were 
obtained from a local farm, and were kept in the same stalls 
and Tinder the same rsystem of management as those ob- 
served by Macrae, El-Sadr & Sellers [1942] in their studies 
on yeast protein. The animals were from four litterSj aU of 
which were farrowed between 6 and 16 January 1941; their 
individual identity was unknown. During the 3 weeks in 
which they were housed at the Institute prior to the com- 
mencement of the exjieriment, they w'ere provided with a 
commercial jiig food, with a few potatoes added daily. 
Wheii they were 15---16 weeks of age, and of 25-36 kg. body 


weight, the groups and subgroups w^ere selected. First, 
12 pairs of as nearly equal live weights as possible w-ere 
chosen: one pig from each of these pairs was allotted at 
random to a potato diet and the other to a barley diet, 
thus forming two groups (potato and barley), each com- 
prising 12 animals. The four subgroups, each comprising 
three animals chosen at random from the potato group and 
a corresponding three animals from the barley group, re- 
ceived, respectively, unsupplemented diets, and diets con- 
taining 1, 3 and 6 % casein. All the jhgs were individually 
fed in separate pens. Each of the 12 pigs receiving the 
^potato diets consumed the same amounts of JST and of dry 
matter as its corresponding barley-fed partner. The barley- 
fed pigs obtained slightly less digestible energy than the 
potato-fed animals because the barley was less digestible 
(see below), but there are not siilhciently reliable com- 
parative figures to show whether this implied a io%ver intake 
of net energy under optimal conditions of protein intake. 

The quantity of food given was regulated by the appetite 
of that pig of each pair which consumed the smaller amount: 
tins was in every case the potato-fed pig. By this procedure, 
the results of the experiment could not*^ be vitiated by 


Table 1. Apparent' digestibility of the crude protein of potatoes for pigs 


Type of potato product 

Digestibility 
coefficient of 
crude j)rotein 

Autlior, 

Raw 

84-5 

Snyder [1895]; 

Cooked , 

, 82-0 


Dried CKartoffelscheiben’ . 

53*9 

Kellner et al. [1908] 

Dried ‘Kartoffelschnitzei’ (Schutz) 

46-2 


Dried ‘ Kartoifelschnitzer (Enauer) 

63-5 


Dried ' Kartoffelschnitzel’ (Petry & Kecking) 

Dried ‘ Kartofiblschnitzel’ (Venuleth & Ellenberger) 

70-6 


42«9 

J 5 

Dried ‘ Kartoffelflocken ’ (Paucksch) 

75-5 


Dried ‘PresskartoffeP (1) 

26-7 

KeUner & Neumann [1910] 

Dried ‘ PresskartoffeP (2) 

<0-0 

„ 

Dried ‘Kartoffelfiocken ’ 

70*5 

Fingerling [1932] 

Dried ‘ Kartoffelschnitzer 

29*2 

„ 

Cooked 

56*5’^* 

Schiftan‘[1933] 

Cooked 

67-3* 


Dried ‘ KaHoffeltrockensaft-Pulpefl.ocken’ 

62*3 

Nehring & Schramm [1937] 

Dried ‘Kartoffeleiweissflocken’ 

73*9 

Mangold & Columbus [1937] 

Woodman & Evans [1939] 

Dried ‘Kartoffeleiweiss-Pulpe-Flocken’ 

66*5 

Cossette meal “ 

39*9 


* True digestibility. 


basal ration was composed of wheat straw, ‘molasses slices’ 
and cotton-seed meal. Fingerling notes in his paper that 
in the case of the steers the addition of potato products 
appeared to depress the digestibility of the N and K-free 
extract of the basal ration. 

Woodman & Evans [1939] found the digestibility of the 
crude protein of potato cossettes, ground into a meal for 
pigs and sheep, to be 45*4 % for the sheep and 39*9 % for 
the pig. Tests m vitro gave a figure of 94 % . Here again it 
is possible that the apparent digestibility of the barley meal, 
weatings and white fish meal in the basal ration may have 
been lowered when fed with the potato cossette meal 
and thus a low estimate made of the digestibility of the 
latter. 

The experiments of Kellner & Neumann [1910], on the 


other hand, gave little evidence that depression of the 
digestibility of the N of the constituents of the ration was 
caused by the presence of potato. They determined the 
digestibility of pressed dried potatoes, first when fed alone 
and later when fed with soya-bean meal. The coefficient of 
digestibility of the N of the potatoes fed alone was 26*7 % . 
Using this coefficient they calculated from the second ex- 
periment a coefficient for soya-bean meal of 94 % , a figure 
■which could not have been so high if the 'pressed diied 
potatoes had appreciably lowered the digestibility of the 
soya-bean meal. However, from a further trial with a 
second sample of dried xjressed potatoes, also fed with soya- 
bean meal, they calculated a negative digestibility for the 
crude protein of the potatoes when the figure of 94 % for 
the soya bean was used in the computation. 
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inability of the potato -fed pigs to consume as much of their 
more bulky ration as the barley -fed animals. It was not 
practicable to equalize the food intakes of animals receiving 
•'different levels of casein, since this would have meant re- 
ducing the food intake of all pigs to that of the one which 
ate least food. Exce^Dt in so far as the food intake of the 
barley-fed animals was restricted by paired feeding, the 
diets were so constituted that the protein supply was the 
factor limiting growth. Only those pigs which received 
diets containing the highest proportion of E', viz. 24 % , 
chiefly from casein, showed a growth rat© approaching that 
obtained with Wessex Saddlebacks under good commercial 
conditions (H. A. Parsons, private communication; see 
Pig. 1). b . 

The composition of the foodstuffs and of the experimental 
rations are set out in Tables 2, 3 and 4. In order to reduce 
the bulk of the potato diets, half the potatoes (on a dry 
matter basis) were given as boiled fresh potatoes and half 
as commercial potato flakes which were ground into a meal 
before mixing. Corresponding barley and potato rations 
were arranged to contain the same quantity of N (see 
Tables). 


The cod-liver oil was of the type used in veterinary 
"practice, and was of guaranteed vitamin potency. 

The salt mixture, made from commercial materials, con- 
tained bone ash 2, GaCOg 1, NaCi 1 and FegOg 0*1 parts. 

The yeast extract was made by the method of Macrae et cil, 
[1942], from brewer’s yeast kindly supplied by Messrs 
Greene, King and Sons. The extract, which was protein-free, 
contained 1-607 mg. N/ml., and the daily dose, given sepa- 
rately with the ration of each pig, contained the equivalent 
of 30 g. dry yeast. 

The boiled potatoes were from two batches of ‘Majestic’ 
potatoes, obtained locally and stored under straw In a tin 
hut; there was a good deal of sprouting during the expeil- 
ment, but the sprouts were rubbed off, and the potatoes 
were washed before cooking. They were cooked in a cage 
lowered into a large copper of boiling water. The N content 
of the first batch was T58, and of the second, 1*85%, on 
a dry matter basis. 

The potato flakes were obtained from the Farmers’ 
Marketing and Sujjply Co., Ltd., and were processed at 
the begimiing of March 1941. The processing was as follows: 
raw potatoes were thoroughly washed and cooked in a 


Table 2. Composition of foodstuffs incorporated in the diets 



Dry matter 

Total N content 
of dry matter 

Gross energy 
(kg. cal./lOO g. 
of dry matter) 

True 
protein N 

Non-protein N 


(%) 

(%) 

(% of total N) 

(% of total N) 

Potatoes (Majestic) : Batch 1 

29-90^ 

1-570* 

406-0 

41-1 

58-9 

Batch 2 

28-07t 

l-848t 

402-7 

39-8 

60-2 

Casein 

89-53 

15-26 

567-9 

— 

— 

Potato flake meal 

87-47 ' 

1-507 

403-0 

— . 


Barley meal (1) 

84-31J 

1-826J 

418-9 

— 

— 

(2) 

85-30 § 

1-869 § 

418-9 

— 

— 

Yeast extract 

— 

1-607 mg./ml. 

— 

— 

. 

Starch' 

87-00 

— 

422-0 

■ — ■ 


God-liver oil 

— 

— 

945-0 

— 



* Mean of 29 duplicate determinations, 
t Mean of 27 duplicate determinations. 


J Mean of 6 duplicate determinations. 
§ Mean of 3 duplicate determinations. 


Table 3. Percentage composition of the diets, calculated on dry weights 


Subgroup 

Boiled 

potatoes 

Potato 

flake 

meal 

Barley 

meal 

Casein 

Starch 

Salt 

mixture 

Cod-liver 

oil 

N content 
of dry 
matter 
(%) 

No casein: Barley 

— 

— 

79-90 

— 

16-60 

2-00 

a-50 

1-49 

Potato 

45-25 

45-25 

— 

— 

6-00 

2-00 

1-50 

1-49 

1 % casein : Barley 


„ — 

79-90 

1-00 

15-60 

2-00 

1-50 

1-64 

Potato 

45-25 

45-25 

— 

1-00 

5-00 

2-00 

1-50 

1-64 

3% casein: Barley 


, — 

79-90 

3-00 

13-60 

2-00 

1-50 

1-95 

Potato 

' 45-25 ; 

45-25 

— 

3-00 

3-00 

2-00 

1-50 

1-95 

6% casein: Barley 


. — , 

79*90 

6-00 

10-60 

2-00 

1-50 

2-40 

Potato 

45-25 

45-25 

— .■ 

6-00 

— 

2-00 

1-50 

, ; 2-40 


In addition pigs received yeast extract equivalent to 30 g. dry yeast daily. 


The following materials were utilized in the construction 
•of the rations: 

The barley meal was ground whole barley from a single 
batch.. •, ' . ■ ■ ■ ■ 

The casein was ‘Ashless G.L.’, described by the manu- 
facturers (Glaxo Laboratories, Ltd.) as a ‘self-soured’ type, 
well washed with dilute acetic acid. It contained 15-27 % JtST 
on a dry matter basis. 

The karch was purest maize starch, obtained from Messrs 
Mackeari of Paisley; it contained about 0-04% K. 


pressure steamer for approximately 20 min. The cooked 
potatoes were then passed through a mashing screw and 
spread over rollers heated by steam at a pressure of 
SOlb./sq, in. The flakes contained 1-507 % N on a dry 
matter basis. 

The cooked potatoes were carefully mixed with the dry 
potato meal, starch, salts, cod-liver oil and water before 
feeding. It was necessary to feed the rations in a very 
floppy state and to titivate the appetites of the animals 
with additions of water towards the end of each meal. The 
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amounts of food left iinconsumed by the potato -fed animals, 
were often considerable, and it was' then necessary to weigh 
the residues and to determine their water content. 

The analyses of the materials are given in Table 2 and 
details of the composition of the different diets in Tables 
3 and 4. 

RESULTS 

The experimental rations were fed for a preliminary 
period of a week before live weight increases were 
recorded. About three days after this feeding was 
commenced, sconring was noted in the potato -fed 
animals of each siibgronp. This sconring reappeared 
at intervals throughout the experiment, but was 
never severe. Otherwise the pigs remained in good 
health. The condition of the coat remained good in 
all animals, and no skin lesions developed. Carriage 
and behaviour were in most cases normal through- 
out. Coprophagy was never observed. Dming the 
7th week of the test there was an exceptional heat 
wave, and all the potatp-fed animals went off their 
' feed. Pigs 8, 10 and 12 were once observed to vomit 
and scoured at this time. In addition, pig 21, a 
barley-fed animal, went off its feed and vomited 
once. No stiffness of the legs was noticed until the 
last fortnight of the experiment, when a few of the 
heavier pigs were a little stiff. This was probably 
because bedding material was not provided. The 
joints of the animals did not show any macroscopic 
lesions on slaughter. 

Fig. 1 gives the composite gro^wth curves of the 
various subgroups,* Table 5 gives details of their 
food intake and weight increases. In 11 of the 12 
pairs of pigs, the barley -fed pig grew better. The 
total weight increase of the barley-fed pigs during 
the 12 weeks averaged 29*5 kg., while that of the 
potato-fed animals was 23*6 kg. ; the w^eight increase 
per unit N intake and per unit digestible N intake 
was higher, and food intake and digestibility energy 
per tmit weight increase were lower, in the barley-fed 
animals (Table 5). 

The results of our experiment are not, therefore, 
in accordance with those of Schiftan, who found the 
N of fresh potatoes of higher biological value than 
that of barley. It is possible that the value of the 
N of the potato flakes used in oiu experiments was 
somewhat reduced by heat treatment during pro- 
cessing. The pigs in subgroup 1 which received the 
potato N without casein supplement, made better 
gains than those fed on maize without supplement 
in the experiment of Macrae et aL [1942]. The initial 
weights of the pigs in our experiment were, however, 
initially greater than those used by Macrae et al.^ 
which averaged about 20 kg. They would therefore 
not reqiiire so large a proportion of N in their ration, 
since, as age and live weight increase, relatively 
more fat and less muscle are laid down. 

A comparison of the figures obtained from the 
four subgroups, summarized in Table 5, shows that: 


Table 5. Experimental data for indimdual pigs during whole experimental period 
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though the animals which received the higher levels, 
of casein were less deficient in protein than those 
which received less casein, their average food intake 
was not significantly greater. It would therefore 
seem as if the food consumption of the potato -fed 
pigs was limited not by the lack of protein but rather 


(1) the average weight increase of both barley -fed 
and' potato -fed animals was greater as the level of 
the casein supplement was raised, although there 
was little difference in food intake between the sub- 
groups; (2) animals receiving ' the larger casein 
supplements made better use of the food energy; 


Age in weeks 

L Average growth curves of pigs in eight subgroups on diets contaming barley and potato respectively as staple, 

with varying proportions of casein. signifies barley; signifies potato. Curves A, B, <7, I): pigs on barley 

ration + 6, 3, 1% and no casein respectively. Curves a, 6, c, di pigs on potato ration + 6, 3, 1% and no casein 
respectively. Curve r»= average growth curve for Wessex Saddleback pigs on ordinary commercial pig feed. 


(3) the differences in weight increase between by their inability to consume more of their very 

barley -fed and potato -fed pigs were roughly similar bulky ration. In other words, this is one of those 

at all levels of casein intake ; (4) the casein therefore cases to which Mitchell has frequently di'awn atten- 

suppiemented barley N and potato N about equally, tion, in which appetite does not rmr parallel with 

If the food intake of the barley -fed pigs had not the protein efficiency of the ration; and fallacious 

been liamted to that of the potato -fed pigs, the result^ would have been obtained had not the food 

differences in weight increase between the two intake of the barley -fed animals been controlled, 

gi’oiips would have been considerably greater. Al- Since, on the average, the level of casein in the diet 
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had little effect on food intake, it was not found 
necessary, as had been anticipated, to equalize the 
food intakes of the different subgroups. 

From Table 5 and Fig. 1 it appears that a supple- 
ment of 1 or 3 % of casein to the barley ration gave 
approximately the same rate of growth increase, 
and utilization of digestible energy, as a supplement 
of 6 % casein to the potato ration. In commercial 
feeding practice, therefore, it would be necessary to 


feed more than twice as much protein concentrate 
when potato is substituted for a barley ration of 
equal N content. Under conditions in which there 
might be a depression of the digestibility of N conse- 
quent on the substitution of potato for barlejr, it 
would be necessary to give still more protein con- 
centrate. In practice the growth of the potato -fed pig 
would be limited by the bulkiness of the ration as w©ll 
as by its deficiency of N of good biological value. 


I 


( 

} 


\ 
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Section 2. DIGESTIBILITY EXPERIMENTS 


METHODS 

Six crates were made by placing the individual feeding pens 
upon wooden tables covered with galvanized iron. Holes 
were bored through the tables to drain off the urine. The 
pigs were prevented ffom moving backwards and forwards 
by horizontal bars fixed across the back of the pens, and 
adjusted to fit each pig. The animals soon learnt that the 
forward end of the crate, where the food appeared, was the 
more interesting, and there was no trouble from their 
turning movements in the cage during the collection 
periods. 

After the experiments on growth were concluded, the 
animals continued to receive the same experimental rations 
until they were required for the digestibility trials. In all 
these trials there was a 4-day preliminary period, followed 
by a 10-day collection period. Food intake was adjusted 
to the amount which the animals were expected to finish, 
and was maintained at this level throughout the experi- 
ment. There were no refusals of food. The faeces were 
collected at intervals during the day into buckets placed 
behind the crates, and the animals conveniently refrained 
from excreting faeces during the night. The faeces were 
preserved by moistening with about 2 1. of A" H2SO4 and 
analyzed for total IST by the Kjeldahl method, and for gross 
energy in the bomb-calorimeter. Samples of the boiled 
potatoes were analyzed daily for dry matter and N; the 
gross energy was determined on a bulk dried sample. 

Hogs only were utilized for these experiments, two 
potato -fed animals and one barley-fed animal being selected 
from each subgi'oup. It was necessary to use pig 12, a 
potato-fed animal, for tests with both 3 and 6 % casein 
diets, as two of the potato-fed pigs in the subgroup receiving 
6% of casein were gilts; pig 12 had its ration changed 
between the two tests. 

In addition, pigs 11, 12, 17 and 18 were utilized in a 
further trial {see below) in which approximately half of the 
ration consisted of boiled potatoes and potato flakes, and 
approximately half of barley meal. Pigs 11 and 12 also 
received 6 % casein, while pigs 17 and 18 did not receive any. 

' : RESULTS ' ■ 

Tables 6 and 7 give details of food intakes and 
faecal excretions, and (apparent) digestibility coeffx- 
eients. The digestibilities of the N and energy of 
potato and barley are computed on the assumption 
that the casein, yeast extract, cod-liver oil, and 
starch were entirely digested. The digestibility 
coefficients obtained from tests with different pigs 


were in close agreement. Pig 8, on the potato ration 
with 3 % casein, scoured during the experiment, 
but this did not apparently influence the digesti- 
bility coefficients, which were the same as those of 
its fellow pig 12 on the same ration. In contra- 
distinction to the results of Fingerling [1932], and 
of Woodman & Evans [1939], the presence of the 
casein in some of the potato rations did not depress 
the digestibility either of the N or of the gross 
energy. The digestibility of the latter was, in fact, 
high and independent of casein level. The coeffi- 
cients averaged 93*7 % for energy, and 81*5 % for N, 
of the potato, and 82*3 % for energy, and 79*1 % for 
the N, of the barley. 

When this experiment was completed, it occurred 
to us that, although the digestibility of the potato 
rations had not been lowered by feeding casein in 
combination with the potato, it might have been 
depressed if barley had been fed in combination 
with the potato, either with or without casein ; 
Woodman & Evans [1939] and Fingerling [1932], 
in the majority of their trials, used barley meal in 
the basal ration. We therefore undertook a further 
digestibility trial on pigs 11, 12, 17 and 18. The first 
batch of fresh ‘Majestic ’ potatoes had by this time 
deteriorated and, when cooked, usually blackened 
badly. These potatoes were, however, still palatable, 
and were given to pigs 11 and 17, while those of the 
second batch were fed to pigs 12 and 18. 

Table 8 gives the results obtained. In computing 
the digestibility of the potatoes, the casein, yeast 
extract, cod-liver oil and starch were again assumed 
to be entirely digested. The "mean eoejBficients ob - 
tained for the barley meal in the first series of ex- 
periments, viz. 82*3 % for the gross energy and, 
79*1 % for the N, were taken as the digestibility of 
the barley meal in the mixed rations. Any asso- 
ciative effect would thus be debited or credited to 
the boiled potatoes and potato flakes. The average 
digestibility for the potato energy m the mixed 
rations was calculated to be 91*0% with no casein 
and 92*5 % with 6 % of casein, while that of the N 
averaged 75*5 and 80*7 % respectively. Thus, addi- 
tion of casein to the potato ration when barley meal 
also was present had not depressed the digestibility 
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of either energy or N. We had not expected that 
there would be any effect on the digestibility of the 
energy, but had anticipated from the results ob- 
tained by Fingerling and by Woodman & Evans 
that the digestibility of the N might be lowered. 
The average digestibility coefficients of the potato 
in the rations containing the second batch of 
‘Majestic’ potatoes (pigs 12 and 18) were 92-6 % for 
energy and 80-1 % for N, compared with average 
values of 93*7 and 81*5% obtained with the same 
potatoes in the first series of trials (Table 6). The 
presence of the barley with the potatoes, therefore, 
caused no lowering of the digestibility of the ration. 
In short, these three feeding stuffs, potatoes, barley, 
and casein, gave the same digestibility coefficients 
when fed in a mixture as they gave, or in the case 
of casein, were assumed to give, when fed sepa- 
rately. 

Our experim^ts, therefore, do not shed any light 
on the perplexingly low digestibility coefficients of 
potato N encountered by other workers.* Both 
Fingerling and Woodman & Evans included fish 
meal in their basal rations and had we also used 
this concentrate in place of casein our results might 
possibly have been different. It is more probable, 
however, that differences between different samples 
of potatoes or methods of processing were respon- 
sible for the discrepancy. The digestibility of pota- 
toes in the rations containing boiled potatoes from 
first batch of ‘ Majesties ’ averaged 90*9 % for energy 
and 76*9 % for N (pigs 11 and 17, Table 8); that of 
the ‘Majestic ’ potatoes of the second batch averaged 
93*7% for energy and 81*5% for nitrogen (see 
Table 6). There was, therefore, little difference in 
digestibility between the two samples of ‘Majestic’ 
potatoes which we used. Since the figures for potato 
digestibility given in Table 6 were obtained firom 
experiments in which there were more animals, and 
in which there was no admixtiue with barley meal, 
they are considered to be the more accurate, and 
these figures only have been employed in the com- 
putation of the digestible nutrients in the growth 
experiments described above. 

SUMMARY 

1. The value of the nitrogen of the potato was 
compared with that of barley for supporting growth 
of ‘fattening pigs’. The observations were made 
upon 12 pairs of similar animals, one of each pair 
receiving a potato, and the other a barley, diet. 

2. The rations compared contained equal amounts 
of nitrogen derived from potato or barley, with and 
without supplementary, nitrogen from casein. Half 
of the potato ration was composed of fresh boiled 
(Majestic) potatoes and half of commercial dried 
potato flakes. The total nitrogen of the diets varied 
from 1*5 % when no casein was given, to 2*4 % when 


6 % casein was included, the figures being calculated 
on the dry weight. 

3. The food intake, on dry weight basis, of each 
barley-fed pig was limited to the amount consumed 
by its potato-fed partner. 

4. The value of the potato nitrogen, whether fed 
alone or supplemented with that of casein, was 
consistently inferior to that of the barley nitrogen. 
The kg. weight increase per kg. digestible nitrogen 
intake varied from 16*5 to 20*3 for barley rations 
and from 13*5 to 15*2 for corresponding potato 
rations. The kg. (dry) food ingested, per kg. weight 
increase, varied from 3*0 to 4*1 for the barley, and 
from 3’fi to 5*6 for the potato, rations. The con- 
version of food into live weight was thus more 
economical in the case of barley. 

5. Addition of casein increased the economy in 
the conversion of food into live weight to about the 
same slight extent when either potatoes or barley 
were fed. The conclusion dra,wn is that casein 
nitrogen supplements equally that of potatoes and 
barley. 

6. Some evidence was obtained that the potato - 
fed pigs were fatter for their carcass weight than 
the barley-fed pigs. Those which received no casein 
or only 1 % in their diet, were also relatively fatter 
for their body weight than those receiving 3 or 6 % 
(see Appendix 1). 

7. The average values for the coefficient of 
(apparent) digestibility of a mixtiire in equal parts 
of potato flakes and fresh boiled potatoes was 
93*7 % for energy and 81*5 % for total nitrogen. 
Corresponding figures for barley were 82*3 and 
79*1%. 

8. The digestibility of potatoes was-* imafiected 
by admixture with casein up to 6 % of the diet, 
assuming the latter to be entirely digested. It was 
also unaffected by admixture with barley to about 
50 % of the diet, assuming that the coefficient of 
digestibility of the barley was the same as that 
ascertained when the barley was fed alone or with 
casein. 

9. The rate of increase of weight when 3 % casein 
was added to the barley ration (the total nitrogen 
being T95 %) was about the same as when 6 % was 
added to the potato ratipn (the total nitrogen being 
2*4%). The intake of food was not very different 
in the two groups. 
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Appendix 1. Examination of Carcasses. (By J. C. D. Htjtohinson 

and A. N. Worden) 


As described in the main portion of the text, not ail 
the pigs were killed at the termination of the growth 
experiments, the majority being required for the 
subsequent digestibility trials. During the first of 
the two digestibility trials, pig 12 received a diet 
containing 6 % casein instead of 3 % as previously, 
while during the second trials pigs 11, 12, 17 and 18 
received mixed rations of barley and potato wdth or 


without casein. The food intake (on dry matter 
basis) of the pigs fed, respectively, on potato and 
barley rations continued to be paired, however, and 
the animals were killed off in pairs as soon as each 
digestibility trial was concluded. 

The carcass measurements are recorded in 
Table 9. The carcass included the head, feet, flare 
fat and kidneys, and was weighed within 30 min. 


Table 9. Carcass measurements 




Warm 

Length 










carcass 

of body 


Back-fat (mm.) 


Calculated 



% casein 

weight 

cavity 

/ ' 


A 



value of T 

B^T 

Pig no. 

in diet 

(lb.) 

(mm.) 

A 

B 

Os 

c. 

Cx 

(mm.) 

(mm.) 

1<^B 

0 

138 

" 822 

54 

27 

42 

39 

43 

21-5 

5-5 

2c?P 


129 

849 

51 

26 

31 

30 

37 

20-2 

5-8 



109 

800 

49 

20 

35 

29 

34 

17-2 

2*8 



96 

760 

43 

20 

32 

31 

33 

15-3 

4*7 

5$ B 


87 

646 

38 

13 

22 

15 

18 

14*0 

(-1-0) 

6<^P 


75 

612 

43 

19 

29 

27 

25 

12*2 

6-8 


Average 

: Barley-fed 

756 

— 

20-0 

— 

— 

— 

17-6 

2-4 


Potato -fed 

740 

— 

21-6 

— 

— 

— 

15-8 

5-8 

ISc^B 

1 

113 

713 

44 

18 

25 

21 

26 

17*8 

0-2 

14$ P 


99 

652 

45 

18 

24 

20 

23 

15-8 

2*2 

15$ B 


86 

760 

34 

15 

24 

21 

23 

13-8 

1-2 

16 6^ P 


81 

746 

45 

17 

28 

24 

31 

13d 

3-9 

17A^B 


154 

874 

63 

29 

41 

41 

47 

23-8 

4-2 

ISo^P 


147 

837 

54 

29 

40 

43 

39 

22*7 

6-3 


Average 

: Barley-fed 

782 

— 

20-6 

— 

— 

— 

18-4 

2-2 


Potato-fed 

745 

— 

21-3 

__ 


— 

' 17*2 

' '4-1 

7Q B 

3 

139 

845 

45 

19 

27 

21 

28 

21*7 

(-2-7) 

8o^P 


112 

790 

42 

23 

34 

26 

39 

17-5 

5-5 

9<JB 


108 

732 

40 

16 

26 

19 

30 

17d 

(~M) 

10$ P 


96 

666 

37 

18 

26 

20 

26 

15-3 

2*7 

llc^B 


159 

886 

59 

26 

41 

30 

36 

24-5 , 

1-5 

12 6'P 


148 

873 

51 

25 

35 

33 

38 

23'0 

2-0 


Average; 

Barley-fed 

821 


20*3 

■ — . '''' 

— 

— 

21 -1 . 

(-0-8) 



Potato-fed 

776 

: — 

220 


— 

,_■■■ 

18-6 ■ ■„ 

;3-4''„ 

19 


115 

806 

41 

17 

26 

■ 25 

31 

18d 

(-11) 

20 $ P 


105 

791 

40 

20 

32 

27 

35 

16'7,-' 

■ 3*3 

21c?B 


146 

845 

44 

23 

33 

32 

39 

..■22-6'''' 

0-4 

22 P 


144 

852 

52 

21 

33 

27 

39 

22*3 

(-1-3) 

23'^ B, 


123 

711 

,-41: ■ 

21 

26 

20 

■27 

19-3 

1-7 

24 9 P..,v 


120 

734 

41 

19 

27 

22 

. 29 ■/: 

18*9 , , " 

.0-1 


Average: 

Barley-fed 

787 


20*3 

• — 

— 

— 

■'•■■20'0 ■:.■;'■■ 

■- '.fr-s' 



Potato-fed 

792 


20*0 

, ' __ - ■' 



19-3 

0-7 


561 
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of the death of the animal. The cold carcass weight 
was obtained by suitable subtraction from the 
warm carcass weight, i.e. 3 lb. from weights up to 
1431b., and 41b. from weights of 144-189 lb. The 
subcutaneous fat was measured at (A) the shoulder, 
(B) the last rib, and (C 3 , Cg, Cj) the front, middle 
and back, respectively, of the rump muscle. The 
length of the body cavity was measured (on the 
warm carcass suspended from a gambrel) from the 
pubic symphysis to the junction of the sternum with 
the fii'st rib [Davidson, Hammond, Swain & Wright, 
1937]. The value T was calculated from the equa- 
tion, T= 1-4 4- 0*149 IF, where IF is the cold carcass 
weight [Callow, 1942]; T represents the expected 
thickness of the back fat at the thiimest portion, 
i.e. over the last rib. The difference between the 
observed and calculated vakies {B~T) for this 
measurement are given in the last column of 
Table 9, and are discussed in Appendix 2. 

In most cases our animals were fatter than ex- 
pected, i.e. than average pigs of the same carcass 
weight. Callow’s formula, derived from a large 
number of pigs of various breeds, may possibly 
not fit our particular Wessex Saddlebacks. Never- 
theless, it is clear that the potato -fed pigs were 


relatively fatter, in, relation to their carcass i 

weight, than their barley -fed partners, and that 
the pigs which received no casein or 1 % were i 

relatively fatter than those which received 3 or I 

6 % casein. 

While it is not possible to draw definite con- 
clusions, in view of the possible inapplicability of 
Callow’s formula, the figui’es suggest that defi- 
ciency of nitrogen may affect the composition of 
the carcass. Those animals which received the most 
nitrogen of high biological value were relatively the 
leanest in relation to their carcass weight, thus 
indicating extra muscle deposition. 

McMeekan [1940] could not detect any influence 
of the level of dietary protein on the body composi- 
tion of the growing pig. The low protein diet which 
he used, however, supported optimal growth, and 
the food intakes of his animals were not limited as 
in our experiment. Forbes, Swift, Black & Kahlen- 
berg [1935] and Forbes, Voris, Bratzler & Wainio 
[1938], working with rats whose food intake was 
paired, found that the nitrogen/fat ratio of the body 
gains increased as the dietary protein level was 
raised, and Hamilton [1939] arrived at the same 
conclusions from a similar experiment. 


Appendix 2 . Statistical Analysis. (By J. 0. Irwin, Medical Research Council’s 
Statistical Staff, and J. C, D. Hutchinson) 


Table 10 gives the analysis of variance of (a) body 
weight increase in kg./kg. of nitrogen intake, ( 6 ) body 
weight increase in kg./kg. of digestible nitrogen 
intake, (c) diy food intake in kg., (d) digestible 
energy in kg. cal./kg. increase in body weight, and 
(e) the difference between the thickness of back fat 
at the last rib and the average figure for a carcass 
of the same weight {B — Tm Table 9). 

In each casein subgroup every pig on a barley 
ration was paired with another, on a potato ration, 
of live weight as nearly as possible the same, and 
their food intakes were similarly paired. Thus the 
direct effect of casein level is evaluated by an 
analysis of variance within and between casein 
groups of the sums for two pigs. The difference 
between the effects of the potato and barley rations, 
on the other hand, and the effect of addition of 
casein on this difference^ — that is, the interaction 
between the main and subsidiary comparisons— 


were evaluated by an analysis of variance of the 
differences between the pairs of pigs. In consequence 
of the pairing, the error for the direct casein com- 
parison is larger than that for the other two com- 
parisons. 

In every case there is a significant difference be- 
tween the two main groups fed respectively on 
potatoes and barley. The direct effect of the casein 
additions is not significant in any of the groups but 
approaches significance for food intake and for 
digestible energy intake per kg. weight increase and 
for thickness of back fat. All three values are on 
the average less at the higher levels of casein. This 
fact, which agrees with the result of the previous 
experiment of Macrae et ah [1942], suggests that 
this non-significance is due to the relatively large 
error of experiment and that the effect could be 
shown to be real in an experiment conducted with 
a larger number of animals. 
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Respiration and Nutritional Requirements of Certain Members 
of the Genus Mjcofeuctermm 

By N. L. EDSON and G. J. E. HUNTER (Travis Research Fellows), Travis Laboratory, 

■X Medical School, University of Otago, New Zealand 


(Received 23 

Much investigation [reviewed by Calmette, 1923; 
Long, 1923; Knight, 1936] has shown that many 
acid-fast baoiili can be cultivated in synthetic media. 
The utilization of specific carbon and nitrogen 
sources has also been studied [Kendall, Day & 
Walker, 1914; Long, 1921-22; see also Knight, 
1936; 'Merrill, 1931]. 

With the exception of Uyei [1927], who employed 
the tubercle bacillus, authors have not defined pre- 
cisely the size of the inoculum, and this is now 
known to be a critical factor in experiments on 
bacterial nutrition. Accordingly, we have reinvesti- 
gated the growth requirements of certain Myco- 
hacteria in. order to determine the effects of varying 
the size of inoculum. The use of defined inocula and 
other rigid conditions has made it possible to de- 
monstrate the stimulant action of certain accessory 
nutrients in an unequivocal manner. 

EXPERIMENTAL • 

Organisms, The following species were utilized; Myco. 
^Uei a, (Veterinary Research Station, Glenfield, X.S.W.), 
Myco, ‘phlei b (McMaster Veterinary Laboratory, Sydney), 
Myco, pUei (no. ^26)^ Myco, smegmatis (no. 523), Myco, 
stercoris (no. 3820), Myco, sp. Karlinshi (no. 2071), Myco. 
sp. leprous Kedrowsky (no. 509), Myco. ranae (no. 2891), 
Myco. butyricmn (no. 337), Myco. tuberculosis hominis, 
avirulent strain (Commonwealth Serum Laboratories, 
Melbourne ; originally from the Royal Institute of Public 
Health, London), Myco. tuberculosis hominis, virulent 
strain H 37 (Commonwealth Serum Laboratories, Mel- 
bourne; originally from the U.S.A.). The species designated 
by catalogue numbers were obtained from the National 
Collection of Type Cultures, Lister Institute, London. 

In this laboratory, stock cultures were main- 
tained on Dorset’s egg medium and subcultmed 
every fifth week. Prior to experimental use the 
organisms were grown for several generations on 
the surface of meat infusion broth containing 5 % 
of glycerol. Broth cultures, except those of tubercle 
bacilli, were 7 days old when used. Ail organisms 
were cultivated at 38°. The cultural characteristics 
of the three specimens of Myco. phlei were identical. 

METHODS 

Washed bacterial suspensions. In both respiratory and 
nutritional experiments the bacteria were removed from 
the surface of the broth, washed three times with sterile 
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distiUed water (by centrifugation), and a known weight 
resuspended in a measured volume pf water. The notorious 
difficulty of obtaining homogeneous suspensions of acid-fast 
bacilli was overcome in two ways as follows : 

(a) Preparation of inocula for nutritional tests. Small 
quantities of bacteria (up to 60 mg. wet vi3.) were success- 
fully dispersed by light hand-grinding with 0*5 ml. of water 
in a test-tube and plunger apparatus made from two closely 
fitting tubes, the contiguous surfaces of which had been 
carefully ground. The suspension was washed from the 
grinder and diluted with sterile distilled water. 

(b) Preparation of suspensions for manomeiric work. 
Larger quantities (up to 2 g. wet wt.) were dispersed by 
gentle shaking in a small stainless steel bail-mill similar to 
that described by Langner & Forrester [1939]. The mill, 
containing bacteria, 10 ml. of sterile distilled water and 
three steel balls (diam. | in.), was clamped to a Warburg 
shaker and shaken outside the thermostat for 20 min. at 
the rate of 40 osoiilations/mm. The suspension was diluted 
to an appropriate volume. Microscopic examination of 
stained smears revealed no disruption of bacterial sub- 
stance or loss of acid-fast properties. 

Bacterial suspensions prepared by these methods are 
satisfactory for the work described, and possess a degree 
of stability approximating to that of a yeast suspension of 
corresponding density. Suspensions oi Myco. smegmatis 
and Myco, stercoris tend to flocculate more rapidly than 
the others. 

Measurement of respiration. Oxygen consumption was 
measured by the ffianometric' method of Warburg, the 
usual conical vessels being employed. The gas space con- 
tained oxygen and the temperature of the thermostat was 
38°. The main compartment of the Warburg cup contained • 

1 ml. of 0*2 Jf sodium phosphate buffer, pH 7*4, to which 

were added 2 ml. of bacterial suspension. Substrate solu- 
tions were added from the side-bulb after 30 min. equili- 
bration. Experiments w^ere conducted for times ranging 
■from 1 to 4'''hr.' ''f - "■'■'■ 

Oxygen uptake (^o^) ^2 consumed/mg. 

dry wt. bacteria/hr. The diy w^as determined -by 

drying 6 mi. of suspension to constant weight at 107“. 

2 ml. of suspension generally contained 12-15 mg. dry 
weight of bacteria. 

Nutritional experiments. In this work we have 
adhered as closely as possible to the principles 
stressed by Knight &; Fildes [1933] and Fildes & 
Richardson [1935]. In adapting these principles to 
experiments on the slowly growing Mycobacteria the 
chief considerations were the use of a fluid synthetic 
medium containing substances of the highest purity, 
and the addition of a washed inoculum which was 




Table 1. Respiration of Mycobacteria with various substrates 
Uptake of oxygen (^02) 
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large enough to produce growth in a reasonable 
time, but not so heavy as to carry over significant 
amounts of medium from the mother culture or to 
provide significant quantities of growth stimulants 
arising from cellular disintegration. 

In order to ascertain the requisite inoculum and 
to test the ability of each organism to grow with 
different sources of carbon, exploratory experiments 
were conducted with 6 x in. test-tubes containing 
5 ml. of medium. The inoculum used initially was 
1 mg. wet weight of bacilli in one drop (0*05 ml.) of 
suspension ; the result was a guide to the inoculum 
permissible in decisive experiments, all of which 
were performed in 20 ml. of medimn contained in 
100 ml. pyrex Erlenmeyer flasks. The depth of fluid 
was 6-8 mm. 

A series of parallel experiments, in which two 
lots of bacteria were washed from 3 to 9 times, one 
with distilled water and the other with 0*9 % NaCl, 
gave identical results, showing that tliree washings 
were adequate, and that water was no more dele- 
terious to the bacteria than saline. 

In all experiments the ammonium ion was either the 
sole or the chief source of nitrogen. Organic materials were 
synthetic products, or analytical reagents where these were 
available ; inorganic materials were of analytical grade. The 
following solutions were prepared: 

(а) Basal salt mixture contained 1*0 g, of (NH4)2S04; 
g. of KH2PO4; 2-0 g. of NaCl; 0-25 g. of NaHCOg; 

of l^aOH and distilled water to make the total 
ml. 

The pH was 7*5. The solution was distributed in test- 
tubes (3 ml.) or in Erlenmeyer flasks (12 ml.) and auto- 
claved at 15 lb. for 15 min. 

(б) 0-2% MgS04, 7H2O (autoclaved). 

(c) 10% solutions of various carbon-containing sub- 
stances (carbon-source) sterilized by filtration (Seitz EK) 
or by autoclaving, according to heat stability. Acids were 
used as neutral sodium salts. 

(d) Solutions of substances under test, which were added 
in small volume and in low concentrations, were filtered or 
autoclaved according to their stability. Whenever stability 


was in doubt, both autoclaAmd and filtered specimens were 
tested. Acids were neutralized with NaOH, bases with HCl. 

Solutions of classes (6), (c) and (d) were added asepticaiiy 
to the distributed salt mixture, and, after all additions had 
been made, sterile distilled water was added to bring the 
final volume to 5 ml. in test-tubes, and to 20 ml. in flasks. 
Thus 600 ml. of original salt mixture were diluted to 
1000 ml. The final concentration of magnesium sulphate 
was 0*04 g./litre, and that of carbon source 1-2 % . 

Media were inoculated by cautious addition of 0*05 ml. 
of bacterial suspension to the surface, which was subse- 
quently disturbed as little as possible. Test-tubes were 
slanted on trays. All vessels were plugged with cotton- 
wool, remaining unsealed unless experiments were pro- 
longed beyond 7 days. Cultures were incubated at 38® 
and observed daily. 

At the termination of an experiment the growth was 
transferred to tightly packed asbestos on a Gooch crucible, 
washed three times with distilled water, and dried to con- 
stant weight at 107°. Although this procedure involves a 
smaU loss of bacteria, the weights are sufficiently accurate 
for the purpose of the experiments described. 

RESULTS 

Respiration measurefnents 

The oxygen consumption of several species in the 
presence and absence of substrates is shown in 
Table 1. When no substrate is added, there is an 
oxygen uptake which remains constant for about 
2 hr. and diminishes slowly thereafter. The value 
of Qoq varies with the species, and bears some rela- 
tionship to the rate of growth in nutrient broth. In 
the presence of most substrates oxygen consump- 
tion increases above the ‘resting’ value. There is 
one notable exception : citrate causes no significant 
change in respiration under the conditions used. 
Moreover, there was no oxidation of citrate when 
the suspension medium was phosphate saline 
[Krebs, 1933] or the basal salt mixture described 
above. Bacterial suspensions which have been 
heated in a boiling water -bath for 10 min. have no 
oxygen uptake either in presence or absence of 
added substrate. 


Substrate 
(0'02Jf) 

ISTone 

Glucose 

Fructose 

Glycerol 

Sodium dl-lactsito 
Sodium pyruvate 
Sodium acetate 
Sodium succinate 
Sodium citrate 
Alanine 


Myeo. 

butyncum 

-:'9*2 

-12*9 

-'15-5 

-27*1 

-IhO: 

;:-154' 

■■ -22-3' 

- 9-3 

- 9d 
- 10*3 


Myco. 
tuberculosis 
hominis 
T1 
-, 2‘0 
- 3-8 

-3*2 

-3-7 

- 2-6 

.■ -2-3'' 


Myco. 

Myco. 

Myco. 

Myco. sp. 

Myco. 

p'hlei 

smegmatis 

stercoris 

Karlinski 

rayim 

- 7d 

-16*2 

-12-1 

-18-9 

-11-4 

-27-9 

-22-6 

- 15-3 

-21-9 

-32-3 

- 9-9 

-26-6 

-15-5 

-26-3 

-20-1 

- 8-8 

-27-7 

-23-0 

-35*2 

-20-5 

-25-7 

-42-6 

-27-5 . 

-36*2 

-16*1 

-11-3 

-31-9 

-24-2 

-34-9 

-35-9 

- 9-3 . 

-40-1 

■ -25-2; 

-46-9 

-30-6 

-11-2 

-26-6 

—.22-3 

-24-7 

-18-1 

7-1 

-15-2 

-11-9 

-19-9 

-12-6 

- 8-7 

-17-4 

-141 

-22-6 - 

-20-8 


(Medium : 0*0661f phosphate hufier, pH 7*4, at 38°. Gas 


Myco, sp. 

leprous 
Kedrowsky 
■ _ 7.7 

- 7-9 

- 8-5 
-10*4 

- 9-1 

- 9-8 
- 13-3 

- 8*0 

" 7*5' . ' 
- 8-1 

: oxygen.) 
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It will be seen that the members of the acid-fast 
group exhibit considerable difierences in their ability 
to oxidize the same substrate. For example, the 
respiration rate of Myco. phlei is increased three- to 
fourfold by glucose and lactate, whereas pyruvate, 
acetate, succinate and glycerol are oxidized slowly; 
on the other hand, the oxygen consumption of 
Myco. mnae is rapid in presence of pyruvate, acetate 
and glucose, but much slower in presence of lactate 
and succinate. Myco. hutyricum shows preference 
for glycerol and acetate, whilst Myco. sp. Karlinski 
presents the highest rate with acetate, and dis- 
tinctly lower— -though stiU considerable — ^rates with 
glycerol, lactate and pyruvate. 


Selection of an inoculum suitable for critical experi- 
ments 


Growth in synthetic media 


Utilizable carbon sources 


If the metabolism of the Mycobacteria is pre- 
dominantly aerobic — as generally believed — there 
should be some relationship between the rate of 
oxidation of a given substrate and rate of growth 
in a synthetic medium containing that substrate as 
the sole source of carbpn. In the experiments 
described in Table 2, the concentration of carbon 


Bacterial suspensions were prepared, by serial dilution, 
to contain amounts of wet bacilli varying from 10"^ to 
10“®mg./drop (0-05 ml.). Although bacilli, both clumped 
and isolated, could be detected microscopically, turbidity 
was no longer visible in a suspension of 10"“^ mg./drop. 
Several tubes of glycerol broth were inoculated with each 
dilution, X drop to 5 ml, of medium. Subsequent growth 
indicated that suspensions containing less than 10”® mg./ 
0*05 ml. have a random distribution of bacilli, which renders 
them unsuitable for nutritional experiments [cf. Berg, 
1941]. Suspension of 10”^ to 10”® mg./drop gave growth in 
all tubes. With 10”^ to 10"^ mg./drop, growth appeared on 
the third day, but with 10"^ mg./drop not until the fifth 
day. 

Hence an inoculum of 10”^ mg. was selected for most of 
the work, because it ensured approximately equal seedings 
and growth in a reasonable time. This inoculum contained 
about 500,000 bacilli. Myco. ranae is exceptional in that 
it shows less tendency to clump, and so it may be used in 
higher dilutions. 


Growth with small inocula 


The results of seeding 20 ml. of synthetic medium, 
and of glycerinated broth, with relatively small 
quantities of bacteria are shown in Table 3. When 


Table 2. Growth of Mycobacteria in synthetic media containing various sources of carbon 

Growth with source of carbon as 1 % of 


r 

Organism 

Glucose 

Fructose 

Glycerol 

(?Z-Lactate 

Pyruvate 

Acetate 

^ 

Succinate 

Myco. phlei 

4 - + + . 

± 

± 

4. 4. 4. 4 - 

4. 4. 4. 

4. 4- 

q- 

Myco. smegmatis 

4- _{. 4. 

4. 4 _ 4- _[_ 

4. + 4. + 

4. 4. 4, 

+ 4 - -H + 

q- 


Myco. stercoris 

4 " + 

4 - 4 - + 

4 - 4 - 4 - + 

+ q- •+• + 

4. 4 _ 4 _ 4. 

q- 

; Jr : 

Myco. sp. Karlinski 

4- 4. 4. 

4 ~ 4 " 4 - 

.4- 4. 4- + 

+ 4 - + + 

4- 4. 4. 

4 - 4 - + 4 -' 

4 4 -, 

Myco. ranae 

4, 4. 

4. 4. 4. 4- 

4 - 

± 

4 - q- + + 

4- 4. q- 4. 

4 4 * 

Myco. sp. Kedrowshy*^ 


, + + 

4. 4- 

± 

4. 4- 4- 4- 

4. 4. 4. 

q-: ■ 

Myco. hutyricum 



4. 

■ ± 

4 - 


± 


With citrate (0*5%) as source of carbon, no growth occurred with any organism. 

Number of positive signs indicates rate of growth. ± = trace of growth. 

(Nitrogen source, (NH 4 ) 2 S 04 . Time, 7 days. Inoculum, 1 mg. seeded in 5 ml. of medium.) 


source was 1 % and the inoculum was relatively 
heavy (1 mg. wet wt. bacilli/tube). Gross differ- 
ences in rate of growth were assessed by daily 
inspection. Although the first visible evidence of 
multiplication was often the appearance of ‘bottom 
granules the chief mass of growth was confined 
to the surface. 

The results demonstrate that certain species of 
Mycobacteria able to grow when heavily seeded 
in synthetic media containing carbonaceous material 
which they can oxidize : and that, in general, the 
rate of growth shows some degree of correspondence 
to the increased oxygen uptake in phosphate buffer 
(Tables 1, 2). With citrate there was no increased 
oxygen consumption, and there was no growth in 
synthetic medium. 


no, growth occurred in 7 days, the plug was sealed 
with paraffin wax and incubation continued. 

The ability of an inoculum of 0*01 mg. to multiply 
to considerable proportions in 7 days is illustrated 
by the figures for glycerol broth. In synthetic 
media, however, there is no growth if the carbon 
source is glucose, fructose, glycerol, acetate, suc- 
cinate or citrate. Lactate and pyruvate are excep- 
tional. Myco. phlei, Myco. smegmatis and Myco. 
Karlinski grew in both lactate and pyruvate, whilst 
Myco. stercoris produced slight growth in lactate. 

Table 3 also shows that an inoculum of 0-01 mg. 
remains viable after 7 days, and is able to attain 
weighable proportions with certain sources of car- 
bon. Myco. smegmatis reached a growth of 7*5 mg. 
in succinate after 5 weeks; M^/co. Karlinski, 15 mg. 
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(Nitrogen gouree, (NH 4 ) 2 S 04 . Volume of medium, 20 ml. Cone, of sodium citrate, O-Ol % .) 
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after 6 weeks in acetate. Myco. stercoris, which 
showed only a trace of growth in lactate after 
1 week, increased to 27-8 mg. in 3 weeks, and Myco. 
Kedfowsky presented a weighahle growth in pyru- 
vate after 5 weeks, although no trace was visible 
at the end of the first week. Myco. phlei subsisting 
on glucose gave somewhat irregular results : in some 
experiments growth began after 10 days and in- 
creased to 10 mg. by the end of the third week, 
whereas in others no growth was obtained in 
9 weeks. None of the organisms studied showed 
any growth in synthetic medium containing citrate 
as the sole source of carbon, even when the flasks 
were incubated for 20 weeks. 

Growth usually began as small ‘ bottom granules ’ 
and later extended to cover the surface with a thin 
film, the thickness of which varied with the or- 
ganism. In lactate, growth was always confined to 
the sui'face, where it began as a thin, veil-like 
pellicle. Myco. phlei presented its normal pigmen- 
tation only in the presence of glycerol [see Ingraham 
& Steenbock, 1935]; with other sources of carbon 
the pigmentation was faint. Myco. ranae, which is 
emxilsified with ease, grew so rapidly at 38^^ that 
the inoculum was reduced to 0*0001 mg. 

The experiments recorded in Table 3 show that 
the amount of growth in synthetic media is a func- 
tion of both time and size of inoculum. 

The stimulant effect on growth of the addition of 

various suhstances to the medium 

The effect of citrate. The effect of adding a small 
quantity of citrate can be seen in Table 3. Uniform 
results, quantitatively of the same order, were ob- 
tained with five different samples of commercial 
citric acid, and also with a specimen of synthetic 
citric acid prepared by the method of Diinschmann 
[1891]. Controls containing citrate as the sole car- 
bonaceous material in concentrations ranging from 
0*0001 to 2*0% have never shown the slightest 
trace of growth. 

. Table 3 shows that when the size of the inoculum 
and the time of the experiment are fixed arbitrarily, 
a small amount of citrate (0*01 %) can be a factor 
which determines growth in a synthetic medium; 
and that when some growth occurs in the absence 
of citrate, it always reaches greater proportions in 
the presence of citrate. The yields were unaffected 
by doubling the usual concentrations of the sources 
of carbon and nitrogen. The effect occurs with all 
organisms except tubercle bacilli (see later) and 
Myco. hutyricum, which begins to gi'ow in the pre- 
sence of glycerol and citrate, but ceases after a 
short time. 

The citrate effect was examined more extensively, 
Myco. phlei being used as a convenient organism. 
Table 4 illustrates the influence of concentration. 


Table 4. Growth of Myco. phlei in a synthetic 
medium containing citrate 




Cone, of 

Bacterial 

Incubation 

Inoculum 

citrate 

. growth 

(days) 

(mg. wet wt.) 

(%) 

(mg. dry wt.) 

rj 

0*01 

Nil 

Nil 



0*1 

7-7, 



0*01 

8*1 



0*001 

Nil 



0*0001 

Nil 

30 

0*01 

Nil, 

Nil ' . 



0*001 

12*0 

7 

0-01 

Nil 

Nil 



0*01 

8*1 


0*001 

Nil 

Nil 



0*01 

6*1 


0*0001 

Nil , 

Nil 



0*01 

3*4 

7 

0*1 

Nil 

'■ 0*4 



■ 1*0 

8*6 



0*1 

16*7 ‘ 



0*01 

13*3 



0*001 

9*2 


Note. In a series of 10 observations (inoculum 0-01 mg., 
citrate concentration 0*01 %), the mean growth in 7 days 
was 9*6 mg. (highest value 12*7, lowest 7*7). 

(Carbon source, 1 % glucose; nitrogen source, (NH 4 ) 2 S 04 ; 
volume of medium, 20 ml.) 

The optimal concentration for a short experiment 
was of the order 0*1-0*01 %; 1 % of citrate appears 
to inhibit the effect. It is noteworthy that an 
inoculum as small as 10“^ mg. can be stimulated 
to grow in 7 days by the presence of 0*01 % of 
citrate. 

The experiments of Table 5 show that the citrate 
effect continues undiminished through serial sub- 
cultures. The organisms were inoctilated as a washed 
suspension prepared in the usual manner. Three 
flasks were set up at each transfer : a control without 
citrate, and two containing 0*01 % of citrate. One 
of the resulting cultures was weighed and the other 
used for the next transfer. 


Table 5. Serial transfer of Myco. phlei 
in a synthetic medium 



Growth (mg. dry wt.) 
with 


r 

Control 

0*01% ' 


(no citrate) 

citrate 

Original cultiue 

Nil 

8*3 

1st subculture 

Nil 

8*7 

2nd „ 

Nil 

8*7 

3rd „ 

Nil 

8*0 

4th „ 

Nil 

8*5 

5th ,» 

Nil 

9*5, 9*0 (duplicates) 

(Carbon source, 1% glucose; nitrogen source, (NH 4 ) 2 S 04 . 

Time of incubation, 7 days; inoculum, 0*01 mg. wet wt.) 



1 1 
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The following substances related to or derived 
from citric acid were entirely devoid of stimulant 

action, when used in equivalent concentrations 
(3*9x lO-^ilf): Tricarballyiic acid, aconitic acid 
(trans), trimethyi citrate, citramide, acetyl-citric 
acid, d/-citramalie acid,, itaconic acid, citraconic 
acid, citrazinio acid, citrazinamide, and •i50-mcotinic 
acid. The last three were tried because it was 
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thought possible that ammonia might condense 
with citric acid to give a pyridine derivative as an 
intermediary metabolite. 

The citric acid (initially 1-49 mg. in 20 ml.) re- 
maining in the medium after 7 days was determined 
by the method of Pucher, Sherman & Vickery 
[1936]: about one -half of the citric acid had dis- 
appeared. 


Table 6. The stimtdant effect of amino -acids on the growth of Mycobacteria in a synthetic medium 

Growth (mg. dry wt.) with 

^ — — \ 

Substance added Myco. Myco. Myco._ -^fyco. 

(0-01%) phlei smegmaUs stercons liedroivsky Karims ki ^ ranae 

(a) Source of carbon, 1 % glucose 

Syn. dZ-Alanine H-8 13-2 8-0 0-5 8-0 Trace 

S^.dZ-Valme 10-4 9-1 7-7 — 6-4 Trace 

S^. dl-Leucine 13-6 6-6 5-4 0-7 5-6 Trace 

Svn (iZ-17orleucine 8-1 6-2 lo-7 0*5 o 6 Trace 

S^ di-Glutamie acid 10-6 31-6 13-9 0-8 7-3 Trace 

W-).Tryptophan 11-0 8-5 1-6 0-2 10-3 Trace 

If - -Profine 10-2 2-6 1-2 O-o 9-o Trace 

Syn.?-Ala“ Nd Nil Nil Nil Nil Nil 

Syn. d?-j3-Amino-ra-batyric acid wu Su mu 

Sto. dZ-S-Amino-ii-valerio acid Nil Nil Nil Nd Nd Nd 

None Nd Nd Nd Nd Nd Nd 

(5) Source of carbon, 1 % glycerol 

Syn. Alanine 0*5 17*2 Th 

Syn. dhGlutamic acid 1*0 13*5 ■ 6*3 ■ * 

Syn. cZhLeucme 0*1 — 

^(~)-Proline — 15*4 ~ •, . 

None Nil Nil Nil — — — 

JVoie. ( 1 ) Controls in which the source of carbon was omitted showed no gro'^Hh. (2) The prefix ‘ syn.’ means ' synthetic 
(Main nitrogen source, (NH 4 ) 2 S 04 . Time of incubation, 7 days. Inoculum, 0*01 mg. to 20 ml. of medium in ah oases 
except ir?/co. rame, with which the inoculum was reduced to 0*00001 mg.) 


Table 7. The stimulant effect of amino-acids on the growth of Myco. phlei 


Growth 

(mg. dry wt.) with 
source of carbon 

Addition to medium as 1% of Addition to medium 

^ ^ ^ -A ^ A ^ ^ , A 

Cone. Suc- 

Snhstance (%) Glucose cinate Substance 

None r- Nil Ml Syn. ^?-Lysine 

Svn. ffl-Alanine 0-02 , 11-8 1-7 Syn. dl-Aspartio acid 

Z(+)-Alaiiine 0-01 11-5 — Z( - )-Asparagme 

0-01 ra m 

m1 "I - 

Syn. (:?Z-Phenylalanme 0*02 10*3 — + )-Ornithine 

^( -) -Phenylalanine O-Ol 9*2 — Z( ~) -Histidine 

d( -h )-Pheiiylalanine 0*01 9*2 — l{- pproline 

l{ - )-Tyrosuie 0*01 8*9 ~ . l{- ) -Hydroxy-proline 

Syn. #«-Ainmo-»-butyric acid 0-01 7-4 — 61yc^!gIyome 

Syn. ^ii^-Threonine. 0*01 Trace — GlycyW( ~ ) -leucine 

Syn. d^-Methionine 0*01 9*1 — )-Leucyl-glyciae 

Syn. dtteueme 0*01 13*6 Trace Casein 

Syn, dZ-Isoleucine 0*01 7*0 — Peptone (Witte) 

■Note, Controls in which the carbon source was omitted gave no growth. 

(Main source of nitrogen, (N'B^)qSO^. Time of incubation, 7 days. Inoculum, 0*01 mg. to 20 


Growth 

(mg. diy wt.) with 
. source of carbon 


ml, of medium.) 
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The effect of amino -acids, peptides and proteins. 
An effect similar to that of citrate is produced by 
small concentrations of amino -acids, dipeptides and 
proteins. The results are given in Tables 6 and 7. 

Although amino -acids are not essential nutrients, 
growth is promoted by a-amino -acids, which are 
constituents of protein, and in which the a-amino 
group is free or bound in peptide linkage. The active 
agent appears to be either the whole amino -acid 
molecule, or the part of it represented by the 
grouping =C(NB[ 2 ) — CO OH, since this is the only 
structure common to the 23 amino -acids which 
induced growth. There is no significant difference 
between the activity of those stereo -isomers that 
could be tested; the effect varies quantitatively, 
and is least with dZ-threonine. Proline and hydroxy- 
proline act like the a-amino-acids. Since these are 
protein constituents and probably convertible into 
a-amino-acids during metabolism, their stimulant 
action is not regarded as. exceptional. No special 
importance is attached to the effect of crude pro- 
teins (peptone and casein) ; or to that of glutathione, 
since spontaneous decomposition into cysteinyl- 
glycine and pyrrolidone carboxylic acid may occur 
dm'ing 7 days’ incubation at 38°.“ 

When the free amino group is blocked by acetyla- 
tion or benzoylation, conjugated with cholic acid, 
or otherwise substituted, the stimulant action is 
lost. Amino -acids, and others in which the amino 
group fe displaced still farther from the carboxyl 
group, are also inactive. 

My CO, phlei was tested more thoroughly than the 
other organisins. The following additional sub- 
stances (concentration 0*01 %) failed to stimulate 
the growth of Myco. phlei subsisting on glucose : 

(1) sarcosine, 2:5-di-keto-piperazine, N-benzoyl- 
glycine, glycocholic acid, N-acetyl-alanine, N-ben- 
zoyl-alanine, N-phenyl -glycine, a-amino -phenyl- 
acetic acid, dZ-e-amino-caproic acid, cZZ-a-amino-Zso- 
butyric acid, dZ-a-amino-a-methyl-n-butyric acid; 

(2) urea, guanidine, creatine, taurine, glucosamine, 
and succinimide. 

The. effect of histamine. Wlien a number of amines, 
amides and heterocyclic bases was tested, the only 
one that proved to be active was histamine. The 
magnitude of the effect is shown in Table 8. 

The following were negative : ( 1 ) tyramine, trypt- 
amine, putrescine, betaine, choline, ethanolamine, 
ethylamine, propylamine, ^-butylamine, and sec.- 
octylamine ; ( 2 ) acetamide, propionamide, w-butyr- 
amide, ^^-caproamide, and malonamide ; (3) pyrrole, 
P 3 ?Tidme, pyrrolidine and piperidine. The concen- 
tration in each case was 0-01 % . • 

The effect of other organic substances. Many other 
organic substances were tested, but all were devoid 
of stimulant properties in so far as they produced 
no growth in 7 days. The organism used was Myco. 
phlei, and 0*01 mg. was seeded in 20 ml. of synthetic 


Table 8. Btimulation of the growth of 


Myco. phlei by histamine 

Addition to medium 

Bacterial 

growth 

r 

Cone. 

Substance 

(%) 

(mg. dry wt 

None 

— 

Nil 

Histamine hydrochloride, syn- 
thetic (Eastman Kodak Co. 

Ltd.) 

0*01 

. 9*2 

Histamine hydrochloride 
(British Drug Houses, Ltd.) 

0*01 

9*0 

Histamine phosphate (British 
Drug Houses, Ltd.) 

0*01 

9*1 

Sodium citrate 

0*01 

10*4 


(Synthetic medium, volume 20 mi. Carbon source, 1 % 
glucose. Nitrogen source, (NB[ 4 ) 2 S 04 . Inoculum, 0*01 mg. 
Incubation, 7 days.) 


medium containing 1 % of glucose. Although it is 
unnecessary to list the whole series as negative, the 
fact that the following were ineffectual is recorded : 

(1) Normal saturated fatty acids from to C^g, crotonic 
and oleic acids, /3-hydroxy-?i- butyric acid, Zso-hutyric and 
a-hydroxy- iso-butyric acids, normal cham dicarboxylic 
acids from Cg to Cg, and hydroxy-malonio acid (concentra- 
tions, 0*01 %). 

(2) Fructose monophosphate, arabinose, d-ribose, ino- 
sitol, sorbitol, glycerol, ethylene glycol, ethanol, methanol, 
dihydi*oxy-acetone, gluconic, glyceric, lactic, pyruvic, 
Z-malic, fumaric, d-tartaric and a-keto-glutaric acids (con- 
centrations, 0*01 %). 

(3) Uracil, adenine, adenosine, guanine, hypoxanthine, 
aUantoin, alloxan, and hydantoin (concentrations, 0*01%). 

(4) Anenrin (100/.tg.), riboflavin (50p,g.), nicotinic acid 
(100/Ltg.), phthiocol (20 ^g.), pyridoxin (50 /ug.), pantothenic 
acid (100 /Ag.), pyocyanine (500 /zg.), cytochrome c (lOO/xg.), 
haemin (1 mg.), 2-methyi-l:4-naphthoquinone (saturated), 
ascorbic acid, indole acetic acid, ^-indole propionic acid, 
a-naphthalene acetic acid, p-aminobenzoic acid and nicotin- 
amide (all 2 mg.). The quantities in brackets are the 
amounts present in 20 ml, of medium. 

The effect of calcium and iron. It has been shown 
that certain Mycobacteria will grow in a synthetic 
medium containing an oxidizable source of carbon 
if the seeding is sufficiently large and the incubation 
time sufficientljy' long ; and that the lag period can 
be shortened, and growth enhanced, by addition of 
citrate, a-amino-acids and histamine, in low con- 
centrations. The basis of the synthetic medimii is a 
neutral solution containing NHj, K"*", Na"^, 

S 04 , POj, Cl“, HCQ^ and,CO^. Since traces of 
calcium and iron are present as impurities in the 
reagents, the question arose as to whether the 
amounts of these, and possibly of other elements, 
were optimal for growth. 

Hay ash, rich in Ca'^"*' and was prepared 

and used according to Fildes & Richardson [1935], 
the result being a considerable stimulation of 
growth. The separate effects of Ca and Fe were 


I 



t 
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also iiivestigatod : the addition of either in low con- 
centration was followed, by growth, the character 
of which depended on the element. Results with 
Myco. jMei as test organism are given in Table 9. 
Ca was added as chloride, Fe as ferrous sulphate or 
ferric chloride, the solutions being added useptically 
to the final medium. Ca was also added as CaCOg, 
before autoclaving, in quantity just sufficient to 
saturate the basal salt mixture. 

In the presence of Fe, initially Fe++ or Fe+++, 
My CO. pMcf formed a pigmented granular bottom 
growth, later extending to the surface as a thin 
yellow film; but in the presence of Ca the bottom 
growth developed as a slimy, whitish deposit and 
the surface pellicle was white. The effective concen- 
trations .are given in Table 9, which also permits a 
comparison with the effects of citrate and hay ash, 
and shows that when Mg++ is not added to the basal 
mixture, the stimulant effect of citrate can still 
be evoked. Increasing the concentration of 
to the point of precipitating MgNH^PO^ does not 
stimulate growth. 

Table 9. Effect of inorganic substances on the 
growth of Myeo. phlei 

Addition to medium 

' ^ . : A___ ^ ^ 

Amount added Bacterial 

to 20 ml. of growth 

Material ; medium (mg. dry wt.) 

None — Nil 

Sodium citrate 2 mg. 12-6 

Hay ash Equiv. to 1 mg. ash 7-8 

Ee+++ 75gg. 7*5 

50 gg. 1-8 

20/xg. 0*1 

lOyg. Nil 

oOfig. 1-5 

100/xg. 7*6 

oOjug. 3*0 

20gg. Nil 

CaCOg Saturated 7*0 

50 /xg. Nil 

Sodium citrate (Mg+‘’' not 2 mg. 9*7 

added to basal mixture) 

(Carbon source, 1% glucose. Nitrogen source, (NH 4 ) 2 S 04 . 
Inoculum, 0*01 mg. Time of incubation, 7 days.) 

A control test using the ash of analytical sodium 
citrate gave negative results. Other ions were tested 
with, negative results: Ni++, Co++, 

Cd++, Zn++, Sn+'i-, A1+++, Ba++, La+++, Ce++++, 
Th+ f ++, T1+, Br-, I“, ail 50 /xg./fiask. Sodium sili- 
cate (2 mg.) also gave negative results. 

Earlier, anomalous results were encountered in 
testing some possible growth stimulants, which were 
dissolved in the basal salt mixture and filtered 
through a Seitz pad. Growth occurred, although it 
was unexpected in view of other general findings. 


Wlien the experiments were repeated by adding the 
unsterilized materials to autoclaved salt mixture, 
there was no growth. Attention was thus directed 
to the Seitz filtrate, which was slightly turbid and 
gave a test with ammonium oxalate indicating the 
presence of about 100/xg. of Ca++/20ml.; the 
Prussian blue test for Fe+++ [Feigl, 1937] revealed 
about 1-lO^g. of Fe+++/20 ml., but the a-a'-di- 
pyridyl test for Fe++ [Feigl, 1937] was negative. 
Subsequently it was discovered that both water 
and saline could extract detectable quantities of 
Ca++ and Fe+++ from filter pads in a single filtration. 
These findings are described elsewhere [Hunter, 
1943], and it will suffice to state that they do not 
invalidate any observations recorded in this com- 
munication. The aseptic addition of a small vokune 
of filtered solution (up to at least 2 ml.) to a sjm- 
thetic medium, the fiLnal volume of which is 20 ml., 
does not convey sufficient Ca or F© to affect the 
growth of Mycobacteria under the conditions we 
have employed. 

Preliminary observations on the growth of tubercle 

bacilli and Myco.. butyricum, no. 337 

In studying the growth of tubercle bacilli (strains 
Ti and H 37) in synthetic media we have found 
that small inocula do not propagate during an incu- 
bation period of 6 weeks. It was necessary to us© 
either 5 mg. of washed suspension or a washed 
pellicle large enough to cover a 2 mm. loop. Mother 
cultures were 3 weeks old. Growth was examined 
in media containing 1 % of one of glycerol, glucose 
or dZ-lactate, with and without addition of bay ash, 
citrate and amino -acids, separately and together. 
The surface of glycerol -broth medium in the control 
tubes was covered within 3 weeks, but growth was ^ 
poor in the synthetic media, amounting to no more 
than a thickening of the inoculum or a slight patchy 
extension. Growth could be stimulated to normal 
dimensions by addition of small quantities of 
Mannite or muscle Kochsaft. 

Ib has been seen that a small inoculmn of Myco. 
butyricum grows poorly in the s;^mthetic medium. 
Larger inocula in the form of washed surface 
pellicles also failed to exhibit extension in a glycerol 
medium to which hay ash, citrate, and amino-acid 
mixtures had been added. Again muscle Kochsaft 
and Marmite stimulated rapid growth approaching 
that of broth controls. 

These observations suggest that the tubercle 
bacillus and Myco. butyricum (no. 337) have a mor <3 
exacting nutrition than the other organisms studied . 

DISCUSSION 

When certain species of Mycobacteria are lightly 
seeded in a synthetic medium under the conditions 
described in this paper, it is possible to demonstrate 
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the effectiveness of growth stimulants which operate 
in concentrations of the order 1 x or lower. 

The active substances belong to four apparently 
independent classes: (1) citric acid, (2) a-amino- 
acids, (3) histamine, (4) ions of calcium and iron. 
They are termed ‘growth stimulants ’ because they 
do not conform to the definition of essential growth 
factors [Fildes & Richardson, 1935]. 

Many investigators have found that citric acid 
is an advantageous constituent of media specially 
designed for cultivation of tubercle bacilli. Under 
the conditions of our experiments low concentra- 
tions of citric acid do not stimulate the growth of 
tubercle bacilli, but this substance effectively re- 
duces the lag period and promotes the growth of 
acid-fast saprophytes. Experiments with Myco. 
phlei show that citric acid is not oxidized as a 
source of energy ; nor does it catalyze the oxidation 
of carbohydrate after the manner of the citric 
acid cycle [Krebs & Johnson, 1937], since inter- 
mediates of the cycle — such as a-keto-glutaric, 
succinic, fumaric and Z-malic 'acids~do not stimu- 
late growth. 

Although citric acid is not oxidized, it disappears 
from the medium. It is possible that the organisms 
normally synthesize small amounts of citric acid 
from a variety of sources of carbon during the lag 
period. If this were so, the stimulant effect of citric 
acid would be explained. 

The stimulant properties of amino -acids have 
been observed with other bacterial families, e.g. 
Each, coli [Sahyun, Beard, Schultz, Snow & Cross, 
1936] and propionic acid bacteria [Wood, Anderson 
& Workman, 1938]. The possibility that citric acid 
is concerned in the synthesis of arnino -acids was 


571 

considered, but no evidence to support the sugges- 
tion was obtained. 

Sauton [1912] and Long & Seibert [1926] found 
that Ee enhances the growth of tubercle bacilli. 
Our experiments show that the growth of acid -fast 
saprophytes can be stimulated by very low con- 
centrations of Ca and Ee; but in the absence of 
added Ca++, Mg++ or Fe+++ growth still occurs if 
citrate be present, showing that if any, or all, of 
these ions be essential, sufficient is provided by the 
impurities of analytical reagents. 

It must be emphasized' that the Mycobacteria 
used in this work have been cultivated on labora- 
tory media for years and have had ample oppor- 
tunity to adapt themselves to artificial conditions. 
Although the stock cultures have been kept on a 
rich medium, it is possible that freshly isolated 
organisms would have more exacting nutritional 
demands. 

SUMMARY 

1. The respiration of certain species of Myco- 
bacteria has been determined in presence and 
absence of substrates. Species vary widely y^ith 
respect to the respiration of ‘resting’ cells and to 
oxygen consumption in the presence of different 
substrates. 

2. Growth of small inocula in a synthetic medium 
has been studied.’ It was found that under defined 
conditions the growth of some species is stimulated 
by citric acid, a-amino -acids, histamine, calcium 
and iron. 

We wish to thank Prof. C. E. Herons and the W. H. Travis 
Trustees for their continued interest in this work; and we 
are indebted to Dr H. A. Krebs for correcting the proofs. 
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Early tj/pes of antibacterial substances were not 
specifically antibacterial, but were usually toxic to 
all living cells, and were of value only in so far as 
tiiey could be employed without serious damage to 
the host. The search for more suitable antibacterial 
agents resulted in the preparation and testing of 
many substances of widely different constitution, 
and it was from the empirical yet systematic in- 
vestigations of one such class of chrysoidine dye- 
stuff that knowledge of the activity of sulphanil- 
amide arose. The growing evidence that the anti- 
bacterial acfion of sulphanilyl drugs was due to 
competition with an enzymic metabolic process 
suggested to Fildes [1940] a new approach to the 
problem. This was the design of antibacterial agents 
by the synthesis of compounds with a close spatial 
resemblance to substances vital to, or closely 
associated with, bacterial growth and reproduction. 
These growth substances include the water-soluble 
vitamins of the animal world, which now appear to 
be essential to the life of all growing cells. The 
method has been recently used in a sufficiently 
diverse series of independent investigations to con- 
jSrm the principle [Mcllwain, 1943]. 

Other compounds which exert a pronounced 
physiological activity in minute concentration are 
the animal hormones related to cyclopentanophen- 
anthrene; for example, oestradiol, when injected 
into an ovariectomized rat of 50 g. body weight in 
a dose of 0-2 ^g., is capable of doubling the weight 
of the uterus; with a blood volmne of 2 ml., this 
represents an activity at a concentration of 1 in 10^. 
These compounds are not known to be hormones 
for the vegetable kingdom, but they are widely 
distributed in nature and are probably constituents 
of all growing cells, being foxmd in all plants and 
bacteria [Aschheim & Hohlweg, 1933], as well as in 
all animals. It seems to us that these compounds 
can readily be incorporated into the living cell, and 
that such molecules constitute suitable material 
which, while not necessarily competitive with known 
essential systems, is capable of modification to con- 
tain kno vn antibacterial groupings . Synthetic work 
in the cyclopentanophenanthrene series is difficult, 
and it is fortunate that the work of Dodds, Golberg, 
Lawson & Robinson [1939] provided, in the diethyh 
stilboestrols, simple substances with space configu- 
rations similar to those of the natm’ally occurring 


compomids, and with their intense physiological 
activity. 

We have prepared and tested a number of com- 
pounds in this series for antibacterial properties and 
have found some of them very powerfully bacteri- 
cidal* As wdth the oestrogenic properties of com- 
. pounds in this series, the antibacterial activities 
vary considerably with the structure of the molecule, 
though these variations are not altogether analo- 
gous. The compounds tested are set out in Table 1 
and fall into seven main classes : 


I. Deoxystilboestrol and its dihydro -derivative 
(1 and 2). 

II. a:a'-Diethylstilbene, intermediates iii its pre- 
paration and some derivatives ( 3-7 ) . 

TII. Deoxydiethylstilboestrol, intermediates and 
derivatives (8-14). 

TV. Diethylstilboestrol and derivatives (15-20). 

V. Amino-, cyano-, amidino- and nitro-deriva- 
tives (21-29). 

VI. Naturally occurring steroids (31 and 32). 

VII. Penicillic acid and citrinin (33 and 34). 


I-VI are poorly soluble in water and iii broth ; 
therefore saturated solutions in broth were first 
prepared by making use of the solubility of the 
compounds in 90 % (v/v) ethanol, in which a 10 % 
solution can be prepared. Small volumes of this 
solution, containing a known amoimt of drug, were 
added to measured volumes of nutrient broth and 
the mixtui’e autoclaved. When a volume of 0- 1 ml. 
was added to 100 ml. of broth, the material re- 
mained in solution, or in a very finely divided sus- 
pension, at 37°, and from the starting solution or 
suspension a series of concentrations of diTig was 
made by pipetting 5 ml. into a suitable quantity of 
sterile broth. This series of drug broths was then 
inoculated with a suspension of the strains of 
Staphylococcus or Streptococcus irsed in these experi- 
ments* The inocula were adjusted to give a final 
count of 1000-2000 \organisms/ml. of drug broth 
and the actual nmnbers present were determined 
by a plate count in each case. 

Figmos are given in Table 1 for the minimal 
concentration of drug which just prevents visible 
growth of the organism after 48 hr. incubation at 
37°. Subcultures from tubes containing the minimal 
inhibitory concentration showed that the action of 
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Table L Bactericidal activity of the compotmds tested against strains of Staphylococcus and Streptococcus 

Staphylococcus Streptococcus 

1 . 4-OH . , CH = CH . OeUg Hewitt et al. [1912] 1 : 50,000 1 : 50,000 

2. 4-OH.C6H4.CH2.CH2.C6Hg Stoermer & Kippe [lOOS]'®* 1: 40,000 1 ; ■ 20,000 

3. CsHg.CO.CHEt.CsHg Janssen [1889] 1:200,000 i: 200,000 

4. C6Hg.C(OH)Et.CHEt.G6Hg 1 : 30,000 1 : 30,000 

5. C6H5.CEt = CEt.C6H5 Kharasch & Kleiman [1943]=*= 1 10,000 1: 60,000 

6. CgHg . CHEt . CHEt . CgHg Kharasch & EJeiman [1943]* * Inactive Inactive 

7. C6H5.C(OH)Et.C{OH)Et.C6Hg Ciamician & Silber [1914] Slight bacterio- Inactive 

static activity 

8. 4“MeO . C6H4 . CO . CHEt . Cellg Dodds ei5 aZ. [1939] Inactive Inactive 

9. 4-MeO.C6H4.C(OH)Et.CHEt.06H5 Dodds eZ aZ. [1939] Inactive Inactive 

10. 4-MeO.C6H4.CHEt.CHEt.,C6H5 Inactive ' Inactive 

11. 4-OH . C6H4 . CEt = CEt . CgHg Dodds et al [1939]* 1 : 640,000 1 : 2,000,000 

12. 4.0H.C6H4.CHEt.CHEt.C6H5 1:200,000 1 : 800,000 

13. 4-BzO.C6H4.CHEt.CHEt.O6H5 Inactive Inactive 

14. 4-HSO3O . C6H4 . CHEt . CHEt . CeHg 1 ; 3,000 1 : 640,000 

15. 4-OH.C6H4.CEt = 0Bt.C6H4.OMe.4' 1: 10,000 1: 20,000 

16. 4-OH. C6H4. CEt = CEt. C6H4. OH-4' (h.m.f) Dodds et al [1939] 1 : 100,000 1 : 400,000 

17. 4-OH . C6H4 . CEt = CEt . C6H4 . OH-4' (l.m.t) Dodds et al [1939] 1 : 100,000 1 : 400,000 

18. 4-OH. C6H4. CHEt. CHEt.06H4. OH-4' (h.m.) Dodds et al [1939] 1 : 100,000 1 : 300,000 

19. 4-OH . C6H4 . CHEt . CHEt . C6H4 . OH-4' (l.m.) Dodds et al [1939] 1 : 80,000 1 : 400,000 

20. 4-Ac0.06H4.CHEt.CHEt.C6H4.0Ac-4'(l.ni.) Dodds eZaZ. [1939] 1:50,000 1: 100,000 

21. C6H5.CO.OHEt.C6H4.NH2-4 1: 8,000 1: 8,000 

22. C6H5.C(OH)Et.CHEt.C6H4.HH2-4 1: 5,000 1: 10,000 

23. C6H6.CEt = CEt.C6H4.HH2-4 1: 32,000 1: 128,000 

24. C6H5.CEt = CEt.C6H4.NHS02.C6H4.HH2-4 1: 40,000 1: 40,000 

25. 4-MeO.C6H4.CH=OH.C6H4.NOo-4' Hewitt eZ aZ. [1912] 1: 10,000 1: 10,000 

26. 4-0H.C6H4.CH = CH.C6H4.N0o- 4' CuEinane [1923] 1:20,000 1: 20,000 

27. 4.0H.C6H4.CH = 0H.C6H4.NH;-4' Inactive Slight activity 

28. 4-0H.G6H4.CH = CH.C6H4.ON-4' Inactive Slight activity 

.NH 

29. 4-OH . C6H4 . CH = CH . C6H4 . Cf -4' 1 : 30,000 1 : 30,000 

\NH2 

30. 4-OH.C6H4.CO.CHOH.CH3 Auwers & Non [1938] 1: 600 1: 600 

31. Oestrone 1 : 33,000 1 : 33,000 

32. Oestradiol 1 : 15,000 1 40,000 

33. Penicillio acid Oxford [1942] 1: 1,500 — 

34. Citrinin Oxford [1942] 1: le5,000 — 

* Revised method of preparation given. f h.m. = high-melting. t l.m. = low-melting, 

the drugs was usually bactericidal, but bacterio- results obtained in a Rideal- Walker type test, where 
stasis was also shown in some cases at lower con- in addition to Eherthella typhosa^ strains of Strepto- 
centrations by the appearance of delayed growth coccus^ Staphylococcus ^ and Pseudomonas aeruginosa 
24r-48 hr. after inoculation. (p^.^pt^ocyanea) were examined, are given in Table 2. 

When a compound is stated in Table 1 to be The minimal concentration required to kill gives 
inactive, it indicates that a saturated solution ob- the concentration of disinfectant in which life 
tained by filtering broth suspension containing the 

drug in a concentration of 1/100,000 failed to pre- Table 2. Comparative bactericidal properties of 

vent the growth of a small number of organisms. phenol^ chlorinated phenols and deoxydiethyP 

The antibacterial activities of deoxydiethyl- stilhoestrol 
stiiboestrol and its dihydro -derivative were tested Minimal concentratioa required to Id ll 

against a number of gram-negative organisms, but ~ Bher^ 

both compounds were generally inactive in the Strepto- Staphylo- Ps. thella 

highest concentrations obtainable. coccus coccus aeru- typhosa 

_ So that our results may be comparati^^^^^ .Material* ^^^9^ “ K' 

uicluded in the series estimates of pemcillie acid , t tr i ia t 

..... ... X • r ax T. 7 • 1 % deoxydiethyl- 1:1600 1: 5 1:10 1: 2-2 

and citrmm ; with our strain of 5Zaip%Zococcw5 pern- stfiboestW 

cillic acid is bactericidal at a concentration of i<y ^.chloro-w- 1:1600 1: 5 1:10 1:27 

1:1500 and citrinin at 1:15,000, so that our most xylenoi 

active specimen, 4-OH. C6H4. CEt = CEt. OgHsC 11), i % ^.ohloro-m- 1: SOO'^ 1: 2-5 1:10 1:20 

is some 40 times as active as the latter. cresol 

Deoxydiethylstilboestrol is soluble in soap solu- 5 % phenol 1: 120 1:80 1:70 1:90 

tions and its germicidal action may be compared * compounds were dissolved in 5 % sodium oleate 
with soap solutions of the chlorinated phenols. The solution. 


f h.m. = high-melting. 


X l.m. = low-melting. 


results obtained in a Rideal -Walker type test, where 
in addition to Eherthella typhosa^ strains of Strepto- 
coccus f Staphylococcus f and Pseudomonas aeruginosa 
{Ps. pyocyanea) were examined, are given in Table 2. 
The minimal concentration required to kill gives 
the concentration of disinfectant in which life 

Table 2. Comparative bactericidal properties of 
phenol^ chlorinated phenols and deoxydiethyP 
stilhoestrol 

Minimal concentration required to kill 



Strepto- 

Staphylo- 

Ps. 

Bher- 

thella 


coccus 

coccus 

aeru- 

typhosa 


pyogenes 

aureus 

ginosa 

(Raw'- 

, Material* 

(B90) 

(133) 

(1) 

lings) 

1% deoxydiethyl- 

1 : 1600 

1:5 

1:10 

1: 2-2 

stiiboestrol 

1 % p-chloro-TO- 

1 : 1600 

1.: '5 

1 : 10 

1:27 

xylenoi 

I % n-ohloro-m- 

1: SOO'^ 

1:. 2-5 

1:10 

1:20 

cresol 

5 % pbenol 

1: 120 

1:80 

1:70 

1:90 


* The compounds were dissolved in 5% sodium oleate 
solution. 
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survives for 2|- and 5 min., but not thereafter. De- 
ox 3 -dieth}istilbocstrol is as effective a disinfectant 
as cMoroxyienoi against gram -positive organisms 
but is less effective against gram-negative types.^ 
Some of the compounds were tested in mice in- 
fected with virulent strains of staphylococci and 
streptococci, the drugs being administered by mouth 
in three doses, immediately, 5 hr., and 24 hr, after 
infection. The dose was 1-10 mg./g. of mouse, and 
no protection was afforded by any of the compounds 
tried, with the possible exception of 

4-HSO3O , CeH^ . CHEt . CHEt . CgHs (14) 
which showed very slight activity in this respect. 


DISCUSSION 

The comparison of the bactericidal activities pre- 
sented in the table shows that the two most active 
compounds are deoxydiethylstilboestrol (11) and its 
dihydro -derivative (12). , The factors which appear 
to effect the activity of the compounds tested are: 
(a) the carbon skeleton; (6) the substituent groups; 
(c) the degree of unsaturation of the central bridge. 

The preferred spatial configuration of the diethyl- 
stilbene type as compared with the unalkylated 
stilbene type is shown by a comparison of 

4-OH.CsH4.CH = GH.CeH5 (1)~-1 : 50,000, 


4-OH.C6H4.CEt = CEt.C6H5 (11)— 1:640,000; 
4-0H.C6H,.CH2.CH2.C6H5 (2)— 1:40,000, 

and 

4-OH.C6H4.CHEt.CHEt.C6H5 (12)— 1:200, OOQ. 

(The ratios here and in subsequent comparisons 
refer to the minimal bactericidal dilutions (Table 1) 
of these compounds against Staphylococcus.) 

The effect of the hydroxy group in the 4-position 
is shown by the pairs : 

CgHg.CEt^CEt.CcHs (5)— 1 : 10,000, 

'and 

4-OH.C6H4.CEt1rCEt.C6H5 (11)— 1:640,000 ; 
CgHg.CHEt.CHEt.CeHs (6)— inactive, 

and .=? ■ 

4-OH . C6H4 . CHEt . CHEt . CgHg ( 12)— 1 : 200,000. 

This evidence is of interest in that bactericidal 
activity and oestrogenic activity both require the 
presence of the 4-hydroxy group. 

However, analogy with oestrogenic activity ends 
here, since the reduction of the centre double-bond 


diminishes, not enhances, the antibacterial activity, 

e.g. 

• 4-OH.C6H4.CHrrCH.C6H5 (1)— 1:50,000, 
and 

4-OH . C6H4 . CHg . CH2 . CgHs (2)— 1 : 40,000 ; 
CeHs.CEtrrCEt.CeHs (5)— 1:10,000, 
and 

CeHs . CHEt . CHEt . C6H5 (6)— inactive ; 

4.OH . C6H4 . CEt = CEt . CgHs ( 1 1 )— 1 : 640,000, 

and 

4.OH . C6H4 . CHEt . CHEt . CaHs ( 12)— 1 : 200,000 ; 
and the introduction of a hydroxyl into the second 
ring diminishes the activity : 

4-OH . C6H4 .CEt = CEt . CeHs ( 1 1 )— 1 : 640,000, 
and 

4-OH . C6H4. CEt = CEt . C6H4 . OH-4' 

(16 and 17)— 1:100,000; 

4-OH . C6H4 . CHEt . CHEt . 

(12)— 1:200,000, 

and 

4.OH . C6H4 . CHEt . CHEt . C6H4 . OH-4' 

(18 and 19)— 1:100,000 and 1:80,000. 

The two forms of diethylstilboestrol (16 and 17) 
have similar antibacteriah activities, whereas the 
normal form is about 14 times as potent an oestro- 
gen as ^-stilboestrol. Thus while both molecules 
may be readily accepted by cells, both may prove 
bactericidal while only one is capable of fulMing 
the oestrogenic function to a marked degree. (This 
is interesting if indirect evidence that the lack of 
oestrogenic activity of ^-stilboestrol is not due to 
any ‘hindrance’ effect of the ceU membrane.) 
Furthermore, high-melting hexoestrol (18) is very 
much more active oestrogenicaily than its lower 
melting stereoisomer (19), but their antibacterial 
activities are very close (1:100,000 and 1:80,000 
respectively). 

Conversion of the 4-hydroxyl to methoxyl de- 
stroys the activity completely, as shown by the 
inactivity of 4-MeO . C6H4 . CHEt . CHEt . CeHs ( 10) ; 
if there are two substituent hydroxyls, conversion 
of one of them to methoxyl greatly reduces the 
activity : 

4-OH . C6H4 . CEt = CEt . C6H4 . OH-4' 

(16)— 1:100,000, 
and « 

4-OH . C6H4 . CEt = CEt . C6H4 . OMe-4' 

(15)— 1:10,000; 
cf. also 

4-OH . G6H4 . CH = Cli , C6H4 . NO2-4' 

(26)— 1:20,000, 

and 

4-MeO . C6H4 . CH = CH . C6H4 . NO2-4' 

(25)— 1:10,000. 
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'■!' ' The influence of hydroxy groups in the centre of 

the molecule is interesting, 

C'eHg.CO.CHEt.CeHg (3) 
j which, in its enolic form, is 

f CeH5.C(OH) = CEt.CoH5,. 

is bactericidal at 1 : 200,000 ; 

C6H5.C(OH)Et.CHEt.C6H5 (4), 

' which contains a hydroxyl but no double bond, at 

1:30,000; the analogous hydrocarbons 
CeH5.CEt = CEt.CeH5 (5) 

1 and CeHg.CHEt.CHEt.CeHg (6) 

are bactericidal at 1:10,000, and inactive, respec- 
tivelyv The provision of a second hydroxyl in the 
centre, cf. 

CeH5.C(OH)Et.C(OH)Et.C6H5 (7), 
i lowers the activity. 

j In the 4-amino series the eSect is not quite the 

same. Here compoimds containing the hydroxyl in 
the centre are less active than the parent substance, 
though the activity is still greater in presence of a 
double bond. Thus 

C6H5.CO.CHEt,C6H4.NH2-4 (21) 
is active at 1 : 8000 and 

C6H5.C(OH)Et.CHEt.C6H4.NH2-4 (22) 
iL at 1 : 5000. However, the compound 

^ C6H5.CEt = CEt.C6H4.NH2-4 (23) 

is active at 1:32,000, an increase possibly to be 
j ascribed to the amino, group here freed from any 

i interference by the hydroxyl. 

I ' Since in the diethylstilboestrol series the maximal 

1 oestrogenic activity appears to be associated with 

compounds containing two hydroxyls in the 4:4'- 
j positions, it seemed possible that some group pre- 

I sent in the 4' -position might enhance the activity 

I of 4-hydro xystilbene. Accordingly, a series of 

I ' 4-hydroxystilbenes were prepared with the groups 

t.'. : : . . yNH 

— CN, — NHg, —cf and — NOg ' 

\nh2 

(27, 28, 29 and 26 respectively) in the 4'-position. 
However, the last two depressed the activity 
> slightly, whilst the first two practically destroyed it. 

CHEMICAL METHODS 

4:-Eydroxydibenzyl (2). This compound was prepared By a 
more convenient method than that given in ti^e literature 
[Stoermer & Kippe, 1903; Freund & Bemse, 1890; Spath, 
1913]. 4-Methoxydeoxy benzoin (7 g.) was refluxed with 
amalgamated zinc (30 g.), cone. HCl (100 ml.) and water 
(100 ml.) for 5 hr., fresh HCl being added each hour. The 
hot liquid was decanted from the zinc, cooled, the solid 
product collected, washed with water and crystallized from 
ethanol. 4-Methoxydibenzyl was obtained in colourless 
plates, m.p. 61-62®, as in the literature. For hydinlysis 
this ether (6-3 g.) was dissolved in an ethereal solution of 


methyl magnesium iodide (prepared from 0-8 g. of mag- 
nesium, and 4*0 mi. of methyl iodide in 10 ml. of ether). 
The mixture was eva|)orated to dryness and heated in an 
oil-bath until frothing started (c. 180°); as this decreased 
the temperature was gradually raised to 200°. After 3 hr. 
the mixtiu’e was decomposed with ice and HCl and the 
colourless insoluble product filtered, washed and crystal- 
lized (as the sodium salt) from hot aqueous 2N ISTaOH. 
The regenerated 4-hydroxydihenzyl crystallized from car- 
bon tetrachloride in colourless plates (4 g.), m.p. 100-101° 
as in the literature. 

ai^-Diethyl-a-hydroxydihenzyl (4). a-Ethyldeoxy benzoin 
(14-0 g.) was dissolved in ether (50 ml.) and gradually 
treated with a solution of ethyl magnesium bromide (from 
2 g. of magnesium and 7 ml. of ethyl bromide in 30 ml. 
ether). The addition completed, the mixture was heated on 
a water- bath for 10 min,, cooled, and the product decom- 
posed with ice and HCl. The ethereal layer was separated, 
dried, the solvent removed and the residue distilled m vacuo, 
b.p. 185-195° at 18 mm. (13 g.). On redistillation, a:^- 
diethyl-a-hydroxydibenzyi was obtained as a colourless 
viscous oil, b.p. 182-186° at 14 mm. (Found: G, 85*0; 
H, 8-6%. CisHaaOrequiresC, 85*0; H, 8-7%. ) 

a.:^-Diethylstilbene (5). a:j8-Diethyl-a-hydroxydibenzyi 
was dehydrated with phosphorus trichloride [Dodds et al, 
1939] giving a:j8-diethylstilbene as a colourless mobile oil, 
b.p. 170° at 15 mm. (Found: C, 91-2; H, 8-4%. Calc, for 
CigHgo, C, 91-5; H, 8 -5%.) This is in agreement with 
Ramart-Lucas & Anagostopoulos [1928] and also with 
ELharasch & Kleiman [1943], but not with Rising & Zee 
[1928] or Carlisle & Crowfoot [1941], who describe it as a 
crystalline solid. 

a.i^-Diethyldihenzyl (6). Diethylstilbene (5*6 g.) was 
shaken in an atmosphere of hydrogen with platinum oxide 
(0-5 g.) and acetone (50 ml.). The solution was filtered, 
evaporated, and the residue (4*5 g.; m.p. 74-76°) recrystal- 
li'zed from methanol. atjS-Diethyldibenzyl was obtained in 
long needles, m.p. 83-84°. (Found: C, 90*7; H, 9*1%. 
Calc, for CigHaa, 0, 90*7; H, 9*3%.) This melting-point is 
much lower than values recorded in the literature. Moritz 
& Wolfenstein [1899] give 88°; Sp^th [1913] gives 92-93°. 

yib-Dihydroxy-yih-diphmyl'hcxane (7). Propiophenone (6 g.) 
in wet ether (100 ml.) was treated with aluminium amalgam 
(prepared from 6 g. aluminium powder and 9 g. mercuric 
chloride in 300 ml. ethanol) and, when the reaction had 
subsided, the mixture was refluxed on a water- bath for 
45 min. The ether was evaporated and the residue crystal- 
lized repeatedly from light petroleum (b.p. 40-60°) yielding 
a white solid, m.p. 135-136° (Ciamician & Siijber [1914] 
give 138-139°). 

4- M ethoxy -txi^-diethyldibenzyl (10). 4-Methoxy-a:j3-di- 
ethylstilbene (20g.) was shaken in acetone (100 ml.) with 
palladium charcoal catalyst (prepared by reducing 0*2 g. 
palladium chloride in presence of 3*8 g. charcoal) in 
hydrogen at 1 atm. pressure. After filtration the solution 
was evaporated and the product crystallized from ethanol; 
it had m.p. 89-90° (19 g.). (Found: 0, 84*6; H, 8*8%. 
Cj 9H2,0 requires C, 85*0; H, 9*0 %.) 

4-Methoxy~(x.:p-diet7iylstilbene. S-Phenyhy-anisylhexan-y- 
ol, without purification, distilled at ordinary pressure with 
elimination of water, at 325-330°. The product, crystallized 
from ethanol, had m.p. 79-80°. (Found: C, 85*5; H, 8-2% . 
CjoHaaO requires C, 85*7 ; H, 8*3 %) ; the yield was quanti- 
tative. 

4-Hydroxy-ix:fi-diethylstilbe7ie (11). To a solution of methyl- 
magnesium iodide (prepared from 5 g. of magnesium and 
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l. 2 ml. of metliyl iodide in 200 ml. of dry ether), was added 

4-metlioxydietiijIsfcilbene (20 g.), and after evaporation of 
the ether the mixture was heated in an oil- bath, first at 
170° until frothin,g subsided, and then at 200° for 30 min. 
After decomposition with water and HCl, the product was 
extracted with carbon tetrachloride and the solution, con- 
centrated to crystallize; m.p. 125-127°. (Found: G, 84*9; 
H, 8-0%. Calc, for CjAoO, 0, 85-7; H, 8*0%.) ^ , 

4:~Hydroxy-ai^-dmt]iyldih^^ (12^ To a solution of 
methylmagnesium iodide (prepared from 7*5 g. of mag- 
nesium and 18 ml. of methyl iodide in 300 ml. of ether) 
was added 4-methoxydiethyldibenzyl (30 g.) and, after 
evaporation of the ether, the mixture was heated in an oil- 
bath, first to 160° and then, when the reaction had sub- 
sided, to 195° for 30 min. After decomposition with water 
and acidification with HCl, the precipitate was crystallized 
from carbon tetrachloride; m.p. 139-140° (15 g.)* (Found: 
C, 85-1 ; H, 8-7 % . CigHgaO requkes C, 85*0 ; H, 8*7 % .) The 
benzoate (13), prepared by the Schotten-Baumann method 
or by the action of benzoyl chloride on a pyridine solution 
of the phenol, crystallized from methanol in long prisms, 

m. p. 110°. (Found: 0, 83*8; H, 7*1%. C25H26O requires 
C, 83;8; H;7*3%.) 

The sulphonafe (14) was obtained as its pyridine salt by 
the action of chlorosulphonic acid (1*5 ml.) on a p3n’idine 
solution of the parent phenol (TO g.). As it was somewhat 
unstable to heat, it was purified by dissolution in cold 
chloroform and precipitation with ligroin. Colourless plates, 
m.p. 195-196°. (Found: 0, 66*3; H, 64; S, 7*8; N, 3*5%. 
623H27O4NS requires C, 66*8; H, 6*5; S, 7*7; FT, 34% .) . 

Diethylstilhoestrol monomethyl ether (15) was obtained as 
a by-product in the production of diethylstilhoestrol by 
hydrolysis of the dimethyl ether. It crystallized from 
ethanol; m.p. 101-102°. (Found: C, 80*4; H, 7*7%. 
619H22O2 requires 0, 80*8; H, 7*8% . ) 

4:-Nitro-aL-ethyldeoxyhenzoin. 4-N'itrodeoxybenzoin [Pe- 
trenko-Kritschenko, 1892; Womack, Campbell & Dodds, 
1938] (35 g.), was added to a hot solution of sodium (3*9 g.) 
in absolute ethanol (800 ml.), ethyl iodide (39 ml.) was 
added as quickly as possible to the resulting solution, and 
the whole refluxed until the solution was neutral (2-3 hr.). 
During this time the colour changed from deep purple to 
yellow. After pouring into water the solution was extracted 
%vith benzene, the benzene layer washed twice with water, 
dried over calcium chloride, and concentrated to c. 100 ml. 
This solution was treated with an equal volume of light' 
petroleum (b.p. 60-80°), when a crystalline solid separated 
(31 g., m.p. 75-78°), ReorystaUized from ethanol (charcoal), 
4-nitro-oL-etkyldeoxybe7izoin formed almost colourless prisms, 
m.p. 78-80°. (Found: C, 7T2; H, 5*9; N, 5*4%. 
requires C, 71-4; H,,5*6; N, 5*2%.) 

4:-Amino-a.-ethyldeoxybenzom (21). 4-Nitro-a-ethyldeoxy- . 
benzoin (8 g.), iron filings (24 g.) and water (8 ml.) were 
ground into a paste, transferred to a flask together with 
xylene (8 ml.) and 1% FeClg solution (12 ml.) and heated 
on a vigorously boiling water- bath for 3 hr., with con- 
tinuous stirring. After hr., more xylene (4 ml.) was 
added. The mixture was allowed to cool somewhat, treated 
with benzene (100 ml.) and the iron oxide filtered off and 
washed thoroughly with a further quantity of warm benzene 
(100 ml.), The combined benzene layers were separated 
from the aqueous portion and exhaustively extracted with 
N HCl. By this means coloured resinous impurities re- 
mained in the benzene solution whilst, on making alkaline, 
the HCl deposited an oil which rapidly set to an almost 
colourless solid. This was collected, dried (6*6 g.) and 
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crystallized (charcoal) from cyclohexane, from 'which 
4:-amino-oL~ethyldeoxyhe7izom separated in sprays of needles, 
m.p. 128-129°. (Found: C, 80*5; H, 7*2; 6*0%. G\6Hj70]S[ 
requires C,„80*3; H, 7*1; N, 5*9 %.) 

4-Amino-a:l3-diethyUpdiydroxydibenzyl (22), A solution of 
4-amino-a-ethyldeoxybeiizoin (5*0 g.) in benzene (80 ml.) 
was gradually run into an ice-cooled solution of ethyl- 
magnesium bromide (from 2 g, magnesium, 30 ml. ether 
and 7 ml. ethyl bromide, the ether being subsequently 
removed) in benzene (30 ml.). A thick yellow precipitate 
formed immediately. After standing overnight at room 
temperature the mixture was refluxed on a water-bath for 
5 min., cooled and the magnesium complex decomposed 
with ice and ammonium chloride. A small amount of in- 
soluble material was filtered off and the benzene layer 
separated, washed once with water and then extracted with 
HCl. The acid solution was made aUtaiine with ammonia, 
the resulting oil taken up in ether and the ethereal solution 
dried and evaporated. The crude residue crystallized 011 
cooling and was purified by repeated recrystallization from 
a Mxture of carbon tetrachloride and cyclohexane. Finally 
^-amino-ai^-diethyl-^-hydroxydibenzyl was obtained in 
colourless needles, m.p. 91-92°. (Found: C, 80*1; H, 8*3%. 
C18H23ON requires C, 80*2; H, 8*6%. ) 

^-Amino-oLi^-dietJiylstilbene (23). A solution of 4-amino- 
a:j8-diethyl-j3-hydroxydibenzyl (10 g.) in glacial acetic acid 
(30 ml.) was saturated with hydrogen chloride at room 
temperature. After 72 hr. it was diluted with cone. HCl 
(30 ml.) and after a further 72 hr. the thick, rather dis- 
coloured precipitate (8*7 g., m.p. 220-230°) was recrystal- 
lized (charcoal) from ethanol diluted with 4 vol. of 0*5 A" 
HCl. ^-AminQ-aLi^-diethylstilhene hydrochloride obtained 
in colourless needles, m.p. 254-255°. (Found: C, 75*2; 
H, 7*5%. CigHaaNCl requires C, 75*1; H, 7*7 %.) The 
parent base regenerated in the usual fashion, crystallized 
from ligroin (b.p. 40-60°) in sprays of needles, m.p. 96-97°. 
(Found: C, 86*3; H, 8*4. CjgHoiISF requires C, 86*1; H, 
84%.) 

4:-Sulpha?iilamido-o::^-dietkyl$tilbene (24), Treatment of 
4-amino-a:/3-diethylstilbene in pyridine solution with 4- 
acetamidobenzenesulphonyl chloride gave 4-[-4-aceto'm<fo- 
benzenesulphoiia^nido} -a : ^-diethylstilhem. This crystallized 
readily from methanol in colourless needles, m.p. 207-208°. 
(Found: C, 69*5; H, 6*6. CacHasOgNoS requires C, 69*6; 
H,6-3%.) 

On hydrolysis with HCf in ethanol, ^-sulphamlmnido- 
oLi^-diethylstilbene was readily obtained. It crystallized from 
methanol or 95% ethanol in colourless needles, m.p. 180- 
182°. (Found: C, 70*9; H, 64; N, 7*15%. C24H2AII2S 
requires C, 70*9 ; H, 6*4; N, 6*9 % .) 

4-Hydroxy-4/ -a^nmostUbene (27) . A solution of 4-hydroxy- 
4'-nitrostilbene (1*0 g.) in ethanol (15 ml.) and concentrated 
ammonia (d. 0*880; 16 ml.) was gradually added to a boiling 
solution of FeS04 (ITOg.) in water (75 ml.) and etbanol 
(150 mi.). The addition completed (1 hr.)i the mixture was 
boiled for 1 hr. After cooling, the precipitated hydroxide 
was dissolved in dilute HCl, the yellow insoluble portion 
filtered off and crystallized from hot aqueous 2N XaOH. 
The crystalline sodium salt was collected and the parent 
phenol regenerated by treatment with dilute acetic acid. 
The crude 4:-hydroxy-4/ -mninostilbene (0*75 g.) was a buff- 
coloured powder; it was sparingly solublerin most common 
organic solvents and could not be obtained quite pure. It 
crystallized from benzyl cyanide in bundles of veliowish 
plates, m.p. 270-271° (deeomp.). (Found; C, 80*f; H, 6*2; 

N, 7*0%. Ci^HigOH requires C, 79*6; H, 6*1; 6*6%,) 
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4:~ Hydroxy -4:' -cyanostilhene (28). 4-CyanoplienyIacetic 
acid [Jaeger k Robinson, 1941] (2-0 g.)> 4-hydrosybenzaide- 
byde ( 1-0 g.) and piperidine (1 ml.) were heated at 140° for 
1| lir. The semi-liquid product was mixed with 50% 
ethanol, when a yellowish solid was rapidly deposited. This 
was collected, washed, with fresh 50 % ethanol, crystallized 
twice from glacial acetic acid and finally from 70% ethanol; 
4:~kydroxy-4:'-cyanostilbe7ie was obtained in faintly coloured 
prisms, m.p. 221-223°. (Round; C, 81*3; H, 5-0; N, 6-4%. 
GisHiiJSFO requires C, 81*4; H, 5-0; N, 6-3 %.) 

4:-Hydroxy-4:'-amidinostilbene hydrochloride (29). This was 
prepared from 4-hydroxy-4'-cyanostilbene according to the 
general procedure of Ashley, Barber, Ewins, Newbery k 
Self [1942]. 4:-Hydroxy-4f -amidinostilhene hydrochloride 
crystallized from hot water in long yellowish needles, m.p. 
316-317° (decomp.). (Round: 0, 65*6; H, 5-4; N, 9-9; 
Gl, 12*5%. GisHisONaCi requires G, 65-6; H, 5-5; N, 10-2; 
Gi,12*8%.) 

SUMMARY 

1. A series of compounds of the stdboestrol 
type has been prepared and tested in vitro for 
bactericidal activity against staphylococci and 


streptococci. Several have been found to possess 
exceptionally high activity, the most active being 

4-OH . C,H4 . CEt . CEt . CgHs , 

which is some 40 times as active as the mould 
metabolic product citrinin, and as active as chloro- 
xylenol under the conditions employed. 

2. A comparison of the bactericidal and oestro- 
genic activities of these compoiuids shows that the 
two actions are not necessarily concurrent, though 
both probably depend on the ready acceptance by 
the cell of molecules of the cyclopentanophenan- 
threne and stilboestrol types. 

3. In vivo the compounds tested showed little or 
no activity, possibly on account of then very low 
solubility. 

The authors thank Br Sydney Smith and Dr J. W. 
Trevan for their interest in this work, and Mr Bennett of 
the Wellcome Chemical Works, Dartford, for the inicro- 
analyses. 
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Growth -promoting Substances from Bacteriological Filter Pads 

By G. j. E. hunter (Travis Research Fellow), Pmws 
Medical School, University of Otago, Nfew Zealand 

{Beceived I Octoher \94c3) 


During an investigation of the nutritional require- 
ments of acidYast saprophytes [Edson & Hunter, 
1943], synthetic media were employed, solutions of 
possible growth stimulants being added aseptieally 
to a basal salt mixture. The methods of sterilization 
were selected, according to the nature and stability 
of the chemical compounds involved. It soon be- 


came evident that the results varied with the mode 
of preparation and filtration of the test substances. 
It was shown that solutions, both in water and in 
saline, were able to extract materials from filter 
pads in a concentration sufficiently high to stimu- 
late the growth of acid-fast organisms, so that false 
positive results were sometimes recorded. 



G. J. E. HUNTER 


MEDIA AND METHODS 


The salt mixture, at pH 7-5, was the one described by 
Edsoii & Hunter [1943]; the medium and the inoculum 
were prepared, and growth estimated, as before. Stock 
solutions of the source of carbon (glucose) and solutions 
(usually 10 ml. quantities) of substances to be tested were 
sterilized by filtration through Seitz E.K. or Ford S.B. 
pads clamped in the glass and steel holders described by 
Knight & Elides [1936]. 

By these methods clear-cut results were obtained, 
and it was shown that of over 200 different com- 
pounds tested, those which were active belonged to 
four classes: (1) citric acid, (2) a-amino -acids or 
compounds in which the amino groups were bound 
in peptide linkages, (3) histamine, (4) ions of 
calcium and iron. 

Growth of Mycobacteria in media sterilized 
by different methods 

Anomalous results were first clearly found when 
solutions of 2:5-diketopiperazine were sterilized by 
different methods. The results for Myco, phlei are 
set out in Table 1. When growth occurred, it was 


evident that the anhydride was inactive (flask 5), and 
that the methods of preparation and sterilization 
were responsible for the difference in flasks 3 and 4. 

Similar examples of ‘false’ stimulation were en- 
countered when it became necessary to filter the 
final medimn containing other test substances or 
when the solubility of some compounds precluded 
the preparation of concentrated stock solutions. 
Whenever heat-stable substances were added to the 
medium and autoclaved, no false results were ob- 
tained. ‘False’ stimulation occurred, however, if 
small quantities of the test substance were added 
to the basal salt mixture and the whole passed 
through a 3 or 6 cm. filter pad. Many of the un- 
stable compounds under investigation proved to be 
sufficiently free from bacterial contamination to 
permit their use without previous sterilization, and 
thus it was possible to prove that the stimulation 
in filtered solutions was ‘false’. 

Filtration of the basal salt mixture alone through 
a pad caused stimulation of the growth of acid-fast 
saprophytes in the presence of a suitable source of 
carbon. Table 2 shows results of tests in media 
under different conditions. Growth in a filtered 


Table 1. Effect of method of sterilization of synthetic medium on growth of Myco. phlei 


Flask no. 


copious and was checked by microscopic examina- 
tion of stained smears, and by subculture of a small 
portion of sixrface film on Dorset’s egg medium. 

Autoclaving of aqueous and saline preparations 
of 2;5-diketopiperazine (flasks 1 and 2) probably 
induced hydrolysis to glycyl -glycine, which was sub- 
sequently shown to be a growth stimulant. It was 


basal medium is compared with true stimulation 
by citrate and by dil-alanine. 

The stimulant effect was progressively greater as 
successive 20 ml. portions of salt mixture were 
passed through the same pad. 

One other organism, Esch. coU (laboratory stock 
strain), was also tested, the same basal salt mixture 


Table 2. Growth of saprophytic Mycobacteria in different media 
Inoculum: 0*01 mg. seeded in 20 ml. medium. Time, 7 days. Temp. 38°. 

Growth (mg, dry wt.) on 


Source and 0*4 ml. of 0*6 % auto- 
treatment of claved stock solu- 

2:5-diketo- tion added asepti- 

piperazine cally to autoclaved 

salt mixture 


2 mg. solid added 0-4 ml. of 0*5 % fil- 
to salt mixture tered stock solution 

and autoclaved added aseptically to 

autoclaved salt mix- 
ture 


2 mg. solid added 2 mg. unsterilized 
to salt mixture solid added to 

and filtered autoclaved , salt 

mixture 


Medium: 20 ml. basal salt mixture containing 1% of glucose and 0*01% 2:5-diketopiperazme. Inoculum, 0*01 mg. 
Temp. 38°. 


Organism 

Myco, phlei 

Myco. stercoris 

Myco.smegmatis 

Myco. sp. Karlmski 

Myco. sp. leprous Kedfowsky 


Autoclaved 
basal salt 
mixture 
- 1 - 1 % glucose 

m 

■ Nil-' 

Nil 

Nil 

- Nil- ; 


Filtered basal 
salt mixture 
+ 1% glucose 

6*4 

6-7 

6*2 

6*5 


Autoclaved basal 
salt mixture 
+ autoclaved 
citrate (0*01%) 
■f 1% glucose 

9*6 

9*5 

9*6 

8*0 

Trace 


Basal salt 
mixture 4- dl- 
alanine (0*01 %) 
autoclaved 
+ 1 % glucose 

' 11-8 

8-0 

13*2'". 

8*0 

Trace 


Broth 

controls 

46*0 
■- 37* I" 
50*2 
33*4 


Growth at 7 days -f- 
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being employed, with an inoculum of one drop of 
a slightly opalescent suspension of washed bacilli. 
The results were read within 48 hr. and were un- 
changed after 3 days. No growth occurred on 
inoculation when glucose or citrate was the source 
of carbon in the autoclaved basal mixture, but the 
addition of glucose (1%) and citrate (0*01%) to 
autoclaved salt mixture stimulated heavy growth. 
When the basal salt mixture containing glucose was 
filtered through a pad, strong stimulation equal to 
that obtained by citrate addition was observed. 
The growth-promoting quality of Seitz filtrates was 
therefore not confined to species of the genus 
Mycobacterium. 

The nature of the growth-promoting substances 

The active materials were more easily extracted by water 
or saline mixture when these were hot than when cold 
and hence the substances were readily extracted by auto- 
claving portions of a pad in 20 ml. of basal mixture. Ether 
and alcoholic extracts were inactive, while tests for citric 
acid in aqueous extracts were consistently negative within 
the limits of the micro-tests employed. The pads appeared 
to consist mainly of asbestos and paper pulp ; average ash 
content, 36-0%. Sodium silicate, tested as a possible 
stimulant, was ineffective. Although the water-soluble 
portion of pad ash (completely ashed in an electric furnace) 
caused little, if any, growth stimulation, the neutralized 
acid-soluble (HCl Analar) fraction produced a growth 
averaging 7*6 mg. 

The results indicated that the stimulating inor- 
ganic material remained after ashing in a form 
soluble in dilute HCl. Of the numerous inorganic 
elements tested [Edson & Himter, 1943], all were 
ineffective with the exception of Ca and Fe. It 
was found that Ca++ (50p,g.) and Fe+++ {20/ig.), 
produced growth stimulation approximately equal 
to that given by pad ash. 

The filtered basal medium was very slightly turbid, and 
its behaviour on heating and cooling was suggestive of the 
presence of calcium phosphate. A positive test was given 
with ammonium oxalate, indicating, by comparison against 
known standards, the presence of about 100 p,g. Ca+-^/20 ml. 
of medium. The Prussian, blue test [Feigl, 1937] revealed, 
a trace of Pe++'f’, l~10p-g./20 mi., but the a:oc'-dipyridyl 
test for Fc++ was negative. Filter pads, extracted with 
HGl (Analar Fe-free) gave strong positive tests for Fe+++ 
witli thiocyanate reagent, and analysis showed the presence 
of 250jU,g./g., or about 730jLtg./6 cm. pad. The pads con- 
tained only a trace of Fe++ (a:a'-dipyridyl). The iron, 
however, was not soluble to any great extent in the basal 
salt mixture. Pad ash gave very strong tests for Fe+++ 
(KCNS) and Ca++ (oxalate). It is also of interest to note 
that acid extracts of pads gave positive tests for copper, 
determinations based on the diethyl-dithio- carbamate 
colour reaction [Callan & Henderson, 1929] showing the 
presence of 10--15/ig./6 cm. pad. 

Since previous experiments [Edson & Hunter, 
1943] had shown that the growth of acid-fast sapro- 


phytes was stimulated by low concentrations of Ca 
and Fe, it appeared that the presence of these ions 
was responsible for the results obtained with solu- 
tions which had been filtered through the pads. It 
was further shown that the filtered stock 10 % 
glucose solutions contained Ca^"^ and traces of 
Fe+++. In practice 2 ml. of 10 % glucose were 
added to the salt mixture to give 1 % sugar in the 
final medium. It was found, however, that 20 ml. 
of salt mixture, containing 2 ml. glucose solution, 
gave negative tests for Ca++ (by the method iised), 
and that small additions did not supply a suffi- 
ciently high concentration of calcium ions to stimu- 
late growth during the period of the test. Similarly 
the aseptic addition of small volumes, usually less 
than 0*5 ml., of preparations of test substances (as 
in Table 1 ) to autoclaved synthetic medium did not 
convey sufficient material to affect the growth of 
Mycobacteria mider the conditions employed. 

■? * ' . 

DISCUSSION 

The findings rej)orted show the possibility of un- 
wittingly adding extraneous materials during filtra- 
tion of media employed in investigations of bac- 
terial nutrition. Ions of calcium and iron, which 
have been shown to be growth stimulants for 
members of the genus Mycobacterium^, were ex- 
tracted from filter pads. By comparison of the 
type of growth stimulated by Ca++ and Fe++'^ 
separately with that promoted by pad ash and 
extracts, it was evident that calcium ions were the 
main stimulating agents and that not enough iron 
was extracted to affect growth. The growth pro- 
duced with pad materials and by Ca was relatively 
unpigmented and somewhat slimy in character, 
while that with Fe was granular and deeply pig- 
mented. It was noted, also, that whenever the pad 
filtrates were very slightly turbid, i.e. when, the 
calcium phosphate or traces of fibre which the pads 
yielded were just visible, the growth of Myco. phlei 
was more profuse i This is analogous with the find- 
ings of Bigger & Nelson [1941], on the effect of talc ^ 
and other insoluble inorganic substances on the 
growth of coliform bacilli in water. 

It is not suggested that the results eliminate the 
presence of organic growth factors in pads, but in 
view of the fact that the stimulation obtained in 
filtered media was of the same order and appearance 
as that given by pad ash, it seems lil^ely that, for 
the Mycobacteria at least; the ions of Ca and possibly 
of Fe are the principal growth-stimulating sub- 
stances extractable from ordinary bacteriological 
filter pads. 

SUMMARY 

In a study of the nutritional requirements of various 
species of the gemis Mycobacterium , Seitz filtration 
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The discovery that brain contains a substance, 
probably identical with or allied to the cerebroside 
phrenosin, which enables the organism to convert 
large amounts of cholesterol, added to the diet, into 
eoprosterol [Rosenlieim & Webster, 1941], offers a 
convenient experimental method for investigating 
the ejSect on coprosterol formation of drugs which 
act specifically on the intestinal flora orTauna. In 
view of the sm'prising lack of evidence for the 
theory, advanced on purely theoretical considera- 
tions by the early investigators [Bondzynski & 
Humnicki, 1896; Muller, 1900], and held ever since, 
that putrefactive intestinal bacteria are responsible 
for the conversion of cholesterol into eoprosterol 
by direct hydrogenation, we selected in the first 
instance the sulphonamide derivative succinyl sul- 
phathiazole (S.S.) for investigation. This drug exerts 
a powerful bacteriostatic action on Escherichia coU 
and other coliform bacteria of the intestine and has 
the additional advantage of low toxicity, owing to 
its poor absorption from the alimentary tract. 

As the outcome of this investigation, together 
with other experimental evidence, made it im- 
probable that intestinal bacteria have a share in 
eoprosterol formation, the possibility was considered 
whether the fauna, and especially the protozoan 
population, of the intestine rather than its flora was 
in the process. This possibility was in- 
vestigated by examining the eoprosterol excretion 
of rats treated with the amoebieidal drug carbarsone 
(j3-carbamino phenylarsonio acid). This arsenical 
also frees the intestinal tract from the flagellate 
a non -pathogenic pm^site occurring 


in the mtestinal canal of man and animals. A drug 
specifically acting on Trichomonas was chosen for 
the test, since it has been claimed that cholesterol 
is an essential growth factor for four species of 
[Cailleau, 1937; 1939]. 

EXPEBIMENTAL 

Methods 

The technique of thehnimal experiments, the composition 
of the diet, and the analytical methods used have pre- 
viously been described [Rosenheim & Webster, 1941]. S.S. 
was administered by intimately mixing the drug vdth the 
diet to the amount of 5% [Welch, Mattes & Latven, 1942]. 
The S.S. contents of the faeces were determined by the 
method of Bratton & Marshall [1939]. Carbarsone was 
given in the drinking water, which consisted of a 0*5% 
solution of the drug in a 1 % solution of sodium hydrogen 
carbonate in distilled water [Gabaldson, 1936]. Esch. coU 
counts were made by the usual method, using poured 
MacConkey’s plates. The faeces and intestinal contents 
were examined for Trichomonas microscopically and by 
cultivation in the medium of Dobell & Laidlaw [1926]. The 
protozoological examinations were kindly made by our 
colleague, Dr Clifford DobeU. 

Experiments with succinyl sulphathiazole 

In a preliminary experiment two groups each of 
three male rats were used. During a period of 
3 days they were fed on the stock diet, the experi- 
mental group receiving S.S. as well. Bacteriological 
examination of the faeces on the fourth day showed 
that Esch. Goli had been almost eliminated in the 
experimental group, Whilst the faeces of the control 
gi’oup contained 50 x 10® organisms/g. 
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In the subsequent period both groups were kept (100 x 10®/g.), the coprosterol content amounted to 
for 4 days on a diet of steamed brain (15 g./day/rat), only 7 % of the total sterols. 

the experimental group receiving S.S. as before. , La the next experiment the high mortality rate 
The faeces: of this group were again fotmd to be was avoided by substituting for brain the standai’d 
free from Bsch. coli, the control group containing diet supplemented by cholesterol (160 mg. /rat /day): 
80 X 10® organisms/g. Both groups lost in weight, and cholesterol -free brain powder (1-6 g./rat/day). 
the experimental group losing twice as much as the The fact that the specimen of brain powder [Rosen- 
control groups. The analytical results are smn- heim & 'Webster, 1941] used had been prepared 
marized in Table 1. ' 6 years ago and had retained its full activity, 


Table 1. Influence of the addition of succinyl sulphathiazole to a diet of brain, 
on the faecal excretion of coprosterol and of Esch. coli, by the rat 


Faecal excretion, during last 
24 hr. of period, of 


Total 
Dura- wt. of 


tion 

of 


food 

con- 


Total body weight 


Total 
wt. of 


Esch. coli , 


Succinyl 

sulphathiazole 


Faecal excretion of sterols 
during whole period 

^ A ^ 

Coprosterol 


period sumed Initial Final Loss 

(days) (g./day) (g.) (g.) (g./day 

3 45 568 509 19-7 

3 45 534 418 38-7 


Period 

Control 
Experi- 
mental 

The addition of S.S. to the' brain diet produced 
almost complete inhibition of coprosterol forma- 
tion, whilst the coprosterol excretion of the control 
group on brain diet alone was of the same order as 
in our previous experiments [Rosenheim & Webster, 
1941], Pure cholesterol, m.p. 148-149°, was re- 
covered from the digitonides obtained in the esti- 
mation of the, sterols in the faeces of the experi- 
mental group, whilst those of the control group 
yielded coprosterol, m.p. 100-101°, in typical 
needles. 

The adnainistration of S.S. was stopped on the 
fifth day and the animals were put on a diet of 
brain alone, for 4 days. Only one of the rats sur- 
vived this period, the high mortality rate probably 
being due to the increased toxicity of the drug when 
given in a diet low in protein [cf. Smith, Lillie & 
Stohhnan, 1941; Kapnick, Lyons & Stewart, 1942]. 
Examination of the faeces of the surviving animal 
showed, however, that in spite of the return, in 
enormously greater numbers, of coliform bacteria 


moist 

faeces 

(no./g. of 
moist 

(g-/100g. 
of moist 

(g./lOOg. 
of dry 

Total 

- ^ 

f 

(% of' 

(g.) 

faeces) 

faeces) 

faeces) 

(g.) 

(g.) 

total) 

40*7 

80 X 10® 

None 

None 

3-39 

2-54 

74-9 

42-7 

1x10® 

4-6 

13-6 

2-34 

Trace 

<1 


incidentally proves the stability of the factor con- 
tained in it. 

Two groups of three male rats each were used, 
the experimental group receiving S.S. for a pre- 
paratory period of 3 days. The experimental period, 
with the additional supplement of brain powder 
and cholesteroI+S.S., lasted 4 days, the faeces of 
the last 3 days being collected for analysis. Dming 
this and part of the subsequent period the faeces 
were semifluid and unavoidable losses occurred in 
their collection. After 4 days the administration of 
S.S. was stopped and the animals were kept on the 
standard diet and brain powder -f cholesterol for 
7 days. . 

The results (Table 2) were practically identical 
with those of the previous experiment, in which 
brain was the sole food. The animals remained in 
good health, however, and during the short experi- 
mental period they ^actually increased in weight at 
the same rate as the control rats. In this comiexion 
it is significant that the S.S. content of the faeces 


Table 2. 


Influence of the addition of succinyl sulphathiazole to a normal diet supplemented with cholesterol 
and brain powder, on the faecal excretion of coprosterol and o/ Esch. coli, by the rat 


Faecal excretion, during last 
24 hr. of period, of 


Dura- 

tion 


Total 
wt. of 
food 


Total body weight 


Total 
wt. of 


Esch. coli 


Succinyl 

sulphathiazole 


Faecal excretion of 
sterols during 
whole period 

- --A' ' "... 

Coprosterol 



of 


Rats 


con- 

f ' ' ' ■ 


^ 

moist 

(no./g. of 

(g./ioog. 

(g./lOOg. 


X 

( 



period 

in 

snmed 

Initial 

Final 

Increase faeces 

moist 

of moist 

of diy 

Total 


(% of 

Period 

(days) group (g./day) 

(g.)- 

(gd 

(g-/day) 

(gd 

faeces) 

faeces) 

faeces) 

(g*) 

(g.) 

total) 

Control 

3 


3 


34 

486 

505 

6-3 

13-0 

17 X 10« 

None 

None 

1*02 

0*77 

75*5 

Experi- 




' 1 

f31 

463 

480 

5-7 

16-6 

lxl0» 

7*5 

27*7 

0*62 

Trace 

<1 

mental 
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1 : 

1 











Post-ex; 





133' . , 

■ 480 

518* 

6-3- 

16-1 

32 X 10« 

None 

None 

1*05 

Trace 

<1 
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on the last day of the experimental period was 
nearly dou ble that of the faeces on the corresponding 
day in the preceding experiment (see Table 1), in 
which brain was the exclusive diet. A greater ab- 
sorption of the dinig from the intestinal tract may 
thus explain the higher mortality on the brain diet. 

The persistence of the inhibitory effect on copro- 
sterol formation was again shown, in spite of the 
return of Bsch. coli in the faeces after the with- 
chawal of the drug. The duration of this inhibitory 
period has not yet been studied in detail, but in 
one experiment it was found that the coprosterol 
excretion was still c. 15% below the normal level 
after 3 weeks on the standard diet. 

Experiments with carbarsone 

In a preliminary experiment a male rat, weighing 
220 g., was taken at random from the Institute’s 
colony. On microscopical examination of its faeces, 
the animal was found to be heavily infected with 
Trichomonas muris. A feeding test with steamed 
sheep’s brain showed a coprosterol excretion of 
78 % of total sterols. The rat then received 45 mg./ 
day of carbarsone whilst on the standard diet for 
2 days. During the next 5 days the standard diet 
was replaced by steamed sheep’s brain (25 g.) con- 
taining bone meal (1 g.) and the dosing with car- 
barsone was continued. The rat received 210 mg. 
of carbarsone, i.e. 42 mg. /day. At the end of this 
-period the faeces were free from Trichomonas ^ but 
showed a high count of Esch. coU (100 x 10®/g*)* 
The faeces of the last 4 days were collected and 
analyzed. The sterols consisted of practically pure 
cholesterol containing only traces of coprosteroL 

This striking inhibitory effect of carbarsone on 
coprosterol formation was confirmed by the subse- 
quent experiments, which were carried out on indi- 
vidual animals in order to ensure adequate control 
in the collection of faeces for bacterial and proto - 
zoological examination. Male rats of the average 
weight of 270 g. were kept in separate cages with 


coarse wne-grid bottoms. For the first 5 days their 
diet consisted of a mixture, in equal parts, of the 
standard diet and steamed sheep’s brain. All the 
rats were found to be infected with Tr ichomonas and 
bacteriological examination of the faeces showed 
the usual high count of Esch, coli at the end of this 
period. During the carbarsone period the drug was 
administered for 1 day in the drinking water, whilst 
the rats were on the standard diet. During the 
following 5 days they received Imown amounts of 
carbarsone (see Table 3) in their food, consisting of 
the mixture of steamed brain and standard diet 
described above. At the end of the experimental 
period the rats were in good condition. The faeces 
were fomid to be free from Trichomonas, whilst the 
Esch, coli counts were as high as before. The results 
of four experiments of this tyqDe, in which the faeces 
of the last 3 days were collected and analyzed, are 
given in Table 3. 

The figures in the last column of Table 3 demon- 
strate conclusively the inhibitory effect of carbar- 
sone on coprosterol excretion, which has been re- 
duced to the merest traces even in the rat in which, 
before the administration of carbarsone, coprostero! 
accounted for as much as 90 % of the total sterols 
excreted. 

Attempted bacterial hydrogenation of cholesterol 
“ and cholestenone 

The possibility that the failure of previous at- 
tempts to effect coprosterol formation by intestinal 
bacteria in vitro may have been due to the absence 
in the media used of an essential growth factor, led 
us to investigate their action on cholesterol and 
cholestenone in the presence of brain, which fa voru’s 
coprosterol formation in vivo. 

(1) Cholesterol, (a) Flasks containing minced 
sheep’s brain (10 g.) inoculated with faeces (Ig.) 
from rats fed on brain, were incubated in anaerobic 
jars at 37"^ for 8 and 16 days respectively. The 
imsaponifiabie matter was prepared in the usual 


Table 3. Influence of the addition of carbarsone to a normal diet su 2 ')plemented with brain, 
on the excretion of coprosterol by the rat 

Faecal excretion of sterols 
during whole period 



Duration 


Carbarsone Total wt, of 

Trichomonas 

infection 


Coprosterol 

Period 

of period 
(days) 

Bat 

no. 

intake 

(mg./day) 

moist faeces 
(g.) 

Total 

(g.) 

' (g.) 

(% of total) 

Control 

3 

1 

0 ■ ■ 

10-0 

+ _L + 

0-83 

0-62 

74 * 7 : : ■ 


3 

2 

0 

6*2 

4. + + 

0-81 

0-68 

83-9 


3 

3 

0 

7*7 

, + + + 

0-82 

0*74 

90-3 


3 

4 

0 

6d 

*!*■ + + 

0-65 

0-52 

8(l>0 

Experimental 

: 3 

1 

69 

10-5 

None 

0-73 

'''V Average 
' „ Trace .. 

' , , 82-2 

<d'^' 


3 

2 

64 

8-4 

None 

0-69 

Trace 

<1 


3 

3 

63 

12d 

None 

0-88 

Trace 

<1 


3 

4 

60 

7'6 

' Hs 

0-64 

Trace 

<1 
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* Not examined. 
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way for the estimation of total and saturated sterols 
by the gravimetric digitonin method. The chole- 
sterol content of the brain was 2-6 % and the mix- 
ture in the control flask contained 37 mg, of copro- 
sterol, derived from the added faeces. At the end 
of the experiment 36 mg. ( ± 7) of coprosterol were 
found in the incubated mixtmes, showing that no 
conversion of cholesterol into coprosterol had taken 
place. (6) In another set of experiments lO g. 
portions of minced sheep’s brain, gromid up with 
20 ml. of glucose broth, were sterilized and inocu- 
lated with 5 ml. of a 24-hr. cultoe of mixed 
anaerobic bacteria. This culture was obtained from 
the caecal contents of three rats excreting large 
quantities of coprosterol on a diet of sheep’s brain. 
After 17 days’ incubation xmder anaerobic condi- 
tions the brain mixtures yielded 2-55% and the 
control 2'65% of cholesterol. No coprosterol had 
been produced. 

(2) Cholestenone, (a) Suspensions of finely 
powdered cholestenone (200 mg.) in glucose broth 
(50 ml.) were sterilized and inoculated with a fresh 
mixed culture of intestinal bacteria (see above). No 
sterols precipitable by digitonin were obtained from 
these mixtures after anaerobic incubation for 
17 days. It has previously been shown [Mamoli, 
Koch & Teschen, 1939] that cholestenone was not 
attacked by a pure culture of jputrificus under 
the conditions in which the keto group and ethenoid 
linkage of testosterone, androstenedione, etc. were 
reduced. (6) Flasks containing 10 g. portions of 
sheep’s brain, inoculated with faeces as above, and 
intimately mixed with a solution of 0*2 g. chole- 
stenon© in cetyl alcohol, were incubated anaerobi- 
cally for 8 and 16 days respectively. The average 
amount of coprosterol recovered, 33 mg. ( ± 1 ), was 
slightly less than the amoimt (37 mg.) derived from 
the added faeces. These negative results agree with 
those of similar experiments by Diels [1937]. 

DISCUSSION 

It is tempting to associate the striking inhibitory 
effect of succinyl sulphathiazole on coprosterol 
formation with the simultaneous disappearance, 
caused by the drug, of Esth. coU and coliform 
bacteria from the intestine. The conclusion that 
these bacteria are therefore directly responsible for 
coprosterol formation is, however, fallacious and 
disproved by the fact that the inhibitory effect 
persists in spite of the immediate return, in enor- 
mously increased numbers, of Esch. coli and coli- 
form bacteria after the withdrawal of the drug. 

The concept that coprosterol originates in the 
intestine by bacterial hydrogenation of cholesterol 
arose at a time when the stereochemical differences 
in the constitution of the reduction products of 
cholesterol were entirely unknown. Since then it 
has been recognized that, under all known condi- 


tions, the hydrogenation of the A'** ethenoid linkage 
of cholesterol leads to the imns-decalin derivative 
(^)-cholestanol and that coprosterol, the corre- 
sponding c^5-decalin derivative, can be obtained 
only by indirect methods. In ignorance of these 
facts, the early investigators linked up coprosterol 
formation in the intestine with the activity of 
‘putrefactive’ bacteria, an apparently obvious in- 
terpretation of the facts Imown to them. Although 
this simple solution of a complex problem has not 
been supported by any convincing experimental 
evidence, it is still cmTent. As an argument against 
the bacterial origin of coprosterol the fact may be 
. adduced that bacteria are devoid of cholesterol, a 
sterol found in animal cells only. Moreover, bac- 
teria and the primitive unicellular algae, Myxophy- 
ceae [Carter, Heilbron & Lythgoe, 1939], are the 
only cellular organisms in which sterols of any kind 
are absent. 

Evidence is accumulating in favour of the view 
that the chemical changes occurring in coprosterol 
formation proceed in two stages, consisting in a 
primary oxidation of cholesterol to cholestenone 
followed by reduction of the latter to the c^>-decalin 
derivative coprosterol [Rosenlieim & Webster, 
1943]. Whether these reactions are brought about 
by the enzymic activity of the intestinal mucosa 
or by other agencies is unknown. Our results show 
that intestinal bacteria in any case are unable to 
reduce cholestenone to coprosterol in vitro, even in 
the presence of the hypothetical growth factors, 
contained in brain, which favour coprosterol forma- 
tion in vivo. In this connexion the recent work on 
the bacterial reduction and oxidation of steroid sex 
hormones, carried out mainly in Butenandt’s 
laboratory, acquires particular importance. Some of 
the incidental observations recorded in these re- 
searches have a direct bearing on the coprosterol 
problem, since they led to the conclusion that the 
susceptibility of steroids to bactewal attack is de- 
pendent on the length of the side chain : cholesterol, 
cholestenone and cholestanone, possessing the intact 
side chain of eight carbon atoms, are recovered 
unchanged when subjected to the action of certain 
' dehydrogenating or hydrogenating bacteria respec- 
tively, under the same conditions which bring about 
the oxidation or reduction of the functional group- 
ings of steroid sex hormones possessing a shorter 
or no side chain [Mamoli & Schramm, 1938 ; Mamoli, 
1938; Mamoli e^ al. 1939]. It is therefore not sur- 
prising that all attempts to convert cholesterol into 
coprosterol by bacterial action m should have 
failed, and it appears .unlikely that cholesterol is 
concerned in bacterial metabolism. 

If we accept the view that bacteria have no share 
in coprosterol formation, it seems attractive to con- 
sider as an alternative the possible role of the 
intestinal fauna, and especially of protozoa, in this 
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process. Various species of flagellates belonging to 
the genm Trichomonas a, re non-pathogenic inhabi- 
tants of the intestinal tract of man and animals, so 
that the caeciims and intestines of rats ‘are often 
swarming with Tnc/i-omonas’ [Wenyon, 1926]. A 
possible connexion between these protozoa and 
cholesterol metabolism is suggested not only by the 
fact that four species of Trichomonas require chole- 
sterol as an essential growth factor [Cailleau, 1937 ; 
1939], but also by various other considerations. 
Thus, infection with Trichomonas of babies up to 
1 yeai^ is rare [Faust & Headlee, 1936] and their 
faeces, like the meconium, are devoid of coprosterol 
[Flint, 1862; Muller, 1900; Fox & Gardner, 1925]. 
When the consumption of a mixed diet at later 
stages of their development favours the chances of 
infection by the .flagellates, coprosterol appears in 
then excreta. Further, an exclusive milk or 
meat diet reduces both the trichomonad infection 
[Hegner, 1923; 1924] and coprosterol excretion 
[Muller, 1900; Doree & Gardner, 1908]. 

Attractive as this suggested correlation between 
protozoa and coprosterol formation seemed to be, 
and in, spite of its apparent confirmation by the 
results of the above -described experiments with the 
arsenical drug carbarsone, such a correlation ap- 
peared to be fortuitous. On further investigation, 
it was found that rats, freed from Trichomonas by 
carbarsone treatment, excreted a considerable 
amount of coprosterol in the period following the 
stoppage of the drug. On the other hand, adminis- 
tration of succinyl sulphathiazole caused the’ 
evacuation of large numbers of Trichomonas in the 
faeces without freeing the rats from the infection, 
but they excreted only small amounts of coprosterol 
for some time after cessation of the treatment. It 
is realized that our exploratory experiments in this 
direction are liable to various interpretations. The 
results so far obtained, however, indicate that the 
participation of protozoa in coprosterol formation 
is at least as imlikely as that of bacteria. 

It is equally diOficult to relate the interference 
with cholesterol metabolism exliibited by carbar- 
sone and succinyl sulphathiazole with the inhibitory 
effect of the latter drug on the synthesis of the 
essential vitamins, biotin and folic acid, by intes- 


tinal bacteria [Nielsen & Elvehjem, 1942; Welsh & 
Wright, 1943], especially as a possibly similar effect 
of carbarsone has ilot'" yet been investigated. 

The unexpected fact thus emerges that two drugs 
of dissimilar chemical constitution, one of which 
acts specifically on Esch. coli and not on protozoa 
and the other on Protozoa but not on Esch. coli, 
have in common an inhibitory effect on coprosterol 
formatipn, which does not seem to be due to their 
direct action on either the bacteria or protozoa 
concerned. The mechanism of this inhibitory action , 
remains so far xmexplained. 

■ SUMMARY 

1. The bacteriostatic action of succinyl sulpha- 
thiazole on intestinal coliform bacteria was found 
to be concurrent with a complete inhibition of 
coprosterol formation. The apparent correlation, 
however, between* Esch. coli and coprosterol forma- 
tion is fortuitous and the available evidence makes 
it improbable that intestinal bacteria have any 
share in the process. 

2. The possibility that the famia, and especially 
the protozoan population, of the intestine rather 
than its flora is concerned in coprosterol formation 
was investigated by examining the coprosterol ex- 
cretion of rats treated with carbarsone (p-carbamino 
phenylarsonic acid). This amoebicidal drug frees 
rats from Trichomonas muris infection and was 
found also completely to inhibit coprosterol forma- 
tion. Exploratory experiments, however, indicate 
the absence of a relationship between protozoa and 
coprosterol formation. 

3. The complexity of the problem is made 
apparent by this interference with cholesterol 
metabolism, shared by an antibacterial and an 
amoebicidal drug, which seems to be unconnected 
with their action on either bacteria or protozoa 
and which remains so far unexplained. 

We are indebted to Br Clifford BobeU, F.R.S., for making 
the protozoological examinations, to Br A. T. Fuller for 
colorimetric estimations of succinyl sulphathiazole and to 
Messrs W. T. Milton and F, A. Holbrook for bacterial 
counts. Our thanks ai^re due to Br A. J. Ewins, F.R.S., of 
May and Baker, Ltd., for a gift of succinyl sulphathiazole. 
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A Micro -method for the Estimation of Vitamin B, 


By j. j. C. PIINTON, Cereals Research Station, Ministry of Food, Old London Road, St Albans 

{Received 27 August 1943) 


A micro -method for the estimation of vitamin 
has been described by Atkin, Schultz & Frey [1939], 
It is based on the measurement of the rate of 
fermentation of sugar by baker’s yeast, using a 
Warbxmg or similar apparatus, and is sensitive to 
0-005 pg. of vitamin B^. The method described 
below is based on the thiochrome technique and is 
of similar sensitivity. It was developed during work 
on the distribution of vitamin B^ in the wheat grain 
and has been applied successfully to small quan- 
tities (1-50 mg.) of cereal products [Hinton, 1942]. 

EXPERIMENTAL 

The method is based upon the optical design of the 
Spekker Photoelectric Fluorimeter. In this instru- 
ment, an image of the mercury discharge tube is 
brought to a focus at a point opposite the photo-cell, 
the focused beam normally passing through the test 
solution contained in a large glass cell. In the 



Discharge tube 


Fig. 1. Diagram showing optical design of the Spekker 
Photoelectric Fluorimeter and position of capillary-tube 
test ceU used in the micro-method. 

micro -method here described, the glass cell is re- 
placed by a suitable holder by means of which a 
capillary tube containing the test solution is placed 
in the image, which measures 2 x 20 mm. approxi- 
mately in the focal plane, and thus receives the full 
irradiation transmitted by the system (Fig, 1). 


The Spekker Fluorimeter was used in conjunction 
with a Cambridge Short -Period Galvanometer of 
sensitivity 3000 mm./^A., and resistance 196 ohms, 
which was used at full sensitivity. 

Procedure 

The strength of ferricyanide to produce maxi- 
mum fluorescence in the test solution is first ascer- 
tained by the procedure suimnarized below. With 
our cereal extracts this was found by testing a range 
of strengths from 0*05 to 0-5 % , in steps of 0-05 % . 
For standard aneurin solutions the best concentra- 
tion was 0*005 % . 

The pipette to be used for the test solution is 
first washed out with the solution, in readiness. 
0*1 ml. of 30% NaOH is measured into a 2 x f in. 
tube, 0*02 ml. of the appropriate ferricyanide solu- 
tion rim in on top and left undisturbed. 0*1 ml. of 
the test solution is then measured out and, imme- 
diately before this is added to the tube, the NaOH 
and ferricyanide are mixed by shaking. The test 
solution is rmi in and the whole again mixed by 
shaking. Oxidation is carried out in this way with 
each tube in a series which, in order to check the 
calibration curve, includes three standard aneurin 
solutions of different strengths. 0-2 ml. of water- 
saturated isobutanol is then added to each tube, 
and extraction carried out by stirring for 30 sec. 
The tubes are allowed to stand for 10-15 min. to 
allow separation of the layers, those containing 
cereal extracts being centrifuged for 3-4 min. at 
ISOOr.p.m. to improve the separation. The iso- 
butanol layer is drawn up directly into the capillary 
tube for measurement in the fluorimeter. A no. 39 
Wratten filter was used in front of the right-hand 
photo-cell (Fig. 1). 

The calibration curve was prepared by the same 
procedure, using solutions containing from 0*001- 
0*2ju,g. aneurin/0*l ml. 


J. J. C, HINTON 



MxmndnaMon of the procedure 

, Accuracy of the method. Standard anenrin solutions in 
i\-/20,HGl were found to, be stable until cloudiness and 
growth develoiDed. In most cases they were stable for 
several months. Cereal extracts were made with NjB HCl 
[Mcholls, Booth, Kent- Jones, Amos & A¥ard, 1942] applied 
on a micro scale. 

In the case of solutions of pure aneurin the extreme 
variations between replicates were di 20 % at concentration 
of aneurin in the region of 0-001 /xg., decreasing to zh 3 % 
at 0-05 /xg. 

It shoxild be noted that attention was paid to the possi- 
bility of decomposition of thiochrome by light during the 
preparation of the thiochrome solution, especially in the 
ease of the smallest quantities. ' Eeadings obtained when 
the operations were carried out near a window in the full 
daylight of a clouded sky did not, however, differ signifi- 
cantly from those carried out in very weak artificial light 
(i-2 candle power). The only precaution taken, therefore, 
was to shade the operations from sunlight or from very 
bright sky light. 

The capillary , test-cell and holder. Greatest sensitivity 
was obtained with a glass tube of oval section and 1x3 mm. 
bore. For good results certain details required attention: 
the holder (Fig. 2) was made so that the angle which the 



Fig. 2. Holder made from sheet metal with J" brass base 
to fit the cell carrier of the Spekker Photoelectric 
Fluorimeter and hold the capillary-tube test cell at the 
correct angle and position. 

oval section made with the light beam could be adjusted to 
the optimum and the tube adjusted squarely in the beam; 
fluorescence from the glass wall was masked off ; adjust- 
ments were made to the lamp-house, sliding carrier, etc. of 
the fluorimeter to make the whole as stable as possible; 
additional shielding of the photo-cells was provided and 
great changes in illumination of them during a period of 
use was avoided. 

The length of the tube was 8 cm. To fill it a rubber 
‘policeman’, slipped right down over the end of the tube, 
is slid carefully upwards whilst the point dips below the 
surface. The contents are ejected by the reverse movement. 
On each occasion before the tube is placed in position for 
measurement the outside should be cleaned by moistening 
with ethanol and polishing with a cloth. A considerable 
amount of isobutanol remains on the inside of the tube after 
it is emptied and the tube should therefore be rinsed with 


two lots of the solution to be measured. This is done by 
drawing up a drop of the solution and running it along the 
tube. The same tube was used for measurement of blank,, 
standard and unknown, and it should be marked and 
always placed in the holder the same way up. 

Standard, of fluorescence. As a permanent standard, a. 
crystal of fluorite was used, which was mounted in a holder 
and masked by a diaphragm to give a fluorescence intensity 
of the same order as , a solution of quinine sulphate of 
0-5^g./ml. 

Expression of results. The figures given in the text to. 
illustrate each point are expressed in a relative form. They 
were expressed in terms of aneurin found on the basis of 
the fluorescence reading, and then recalculated for each 
series, the highest yield in the series being taken as 100. 

Optimum volumes of reagents. To attain maximum sensi- 
tivity, the amount of isobutanol was kept at a minimum. 
The tube required 0-12 ml., and a total of 0-2 mi. provided 
enough excess to give the necessary two rinsings. Iso- 
butanol saturated with water was used. 0-1 mi. was chosen 
as a convenient quantity of test solution, and 0-i ml. of 
KaOH gave a total volume most suitable for the sub- 
sequent extraction. The smallest quantity of potassium 
ferricyanide solution which could be handled with con- 
fidence is 0*02 ml., and this amount was used in ail cases. 
It was found most satisfactory to keep the volume constant 
in each case and to adjust the concentration of the solutions 
as necessary. The reactions were carried out in test-tubes 
2x-|in. 

Handling of these small volumes was facilitated by con- 
structing special pipettes to hold the quantities required, 
the capillary tube being drawn off slightly and the tip bent 
round and ground (Fig. 3). The solutions are blowm out on 
to the side of the tube and can be placed just where 
required. 


Fig. 3. Micro -pipette. 

Methanol was omitted, as, under these conditions, it 
seriously affected the partition of the thiochrome in the 
two phases. Jansen [1936] used methanol because of its 
protective action towards thiochrome, which is thus made 
less sensitive to excess ferricyanide. The methanol, how^'ever, 
increases the proportion of thiochrome remaining in the 
aqueous phase; this effect is not serious when the volume 
of isobutanol is many times greater than the aqueous phase. 
In the present case, the volumes of the two phases are 
equal and the serious effect of the methanol on the final 
fluorescence is seen from the following figures : 

Methanol (ml.) Nil 0*01 0*04 0*08 

Reading 100*0 95*0 81*5 54*0 

These results were obtained by carrymg out the oxida- 
tion in the absence of methanol, which was added finally 
with the isobutanol. 0*08 mi., which corresponds to about 
30 % of the reaction mixture, causes an excessive reduction 
in sensitivity. The aim was to attain maximum sensitivity, 
but some reduction could be accepted if tolerance of the 
thiochrome towards excess ferricyanide was thereby ob- 
tained. (Tolerance in this paper is defined as the range of 
concentration of ferricyanide over which the same fluor- 
escence reading is obtained for a fixed amount of aneurin.) 
The following figures illustrate the tolerance obtained, with 
0*2/xg. standard aneurin solutions, by the addition to the 
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reaction mixture of 0-02 ml. of methanol, which produces Again, with a stronger solution of ferricyanide and the 
a permissible drop in sensitivity: ’ ‘ same amount of methanol, the effect is reversed: 


Strength of ferricyanide (%) 0*003 0*006 0*012 

Eeading 89*0 100*0 100*0 

Strength of ferricj^anide (%) 0*025 0*05 0*1 

Reading 100*0 97*0 93*5.- 

There is a tolerance range of about 8 times. Without 
methanol, the tolerance range is reduced to twice : 

Strength of 0*0006 0*0012 0*0025 0*005 0*01 

ferricyanide 

(%) 

Reading 47*5 82*0 99*0 100*0 95*0 

As 50 times more ferricyanide is required for a cereal 
extract than for the standard aneurin solutions, the slight 
increase in tolerance noted above 'was not worth considering. 
In Jansen’s experiments he used about 60% methanol in 
the reaction mixture and reported a range of 500 times. 

It is noted from the tw^o series of figures that the optimum ■ 
strength of ferrie 3 ranide is 10 times greater when methanol 
is present. This is because the methanol enters into the 
reaction, inactivating the ferricyanide. With 0*1 % ferri- 
C 3 mnide the following figures were obtained: 

Methanol (ml.) 0*01 0*04 0*08 

Reading 100*0 88*7 6*8 

This effect is much greater than the effect on the thio- 
chrome partition. With 0*5% ferricyanide solution, the 
figures were: 

Methanol (ml.) 0*01 0*04 0*08 

Reading 89*5 100*0 77*0 

In light of the effect of the methanol on partition, this 
indicates a reversed effect which is due to reduction of the 
ferricyanide concentration towards the optimum by the 
action of the methanol. 

The inactivation of the ferricyanide proceeds slowly, and 
the above results were obtained by mixing the NaOH, 
ferricyanide and methanol together and allowing the 
mixture to stand some minutes before adding the aneurin 
solution. The time effect is illustrated by the data obtained 
with 0*(}5% ferricyanide: 

Reading 

Aneurin (0*2/xg.) added immediately on mixing 100*0 
Aneurin (0*2p,g.) added after 1 hr. 50*0 

Aneurin (0*15pg.) added after time intervals as shown: 

Min. 3 8 13 IS 23 28 

Reading 100*0 98*5 96*8 91*5 88*0 78*0 , 

Again, if a stronger femcyanide solution is usedj the 
effect is first to increase the fluorescence, which is due to 
reduction in ferricyanide towards the optimum. The fol- 
lowing data were obtained with 0*1 % ferricyanide: 

Reading 

Aneurin {0-2 fig.) added immediately on mixing 89*^ 
Aneurin (0*2pg.) added after 45 min. 100*0 

The strength of the NaOH solution has an effect on the 
speed of this reaction, e.g. with 0*1% ferricyanide and 
0*04 ml. methanol, and after the same time of standing 
these ^figures were obtained with 0-15 fig. aneurin: 


NaOH (%) 30 40 60 

Reading 100*0 54*0 • 10*7 
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Reading wdth 0*5 % Terricyanicle 76*0 89*0 100*0 

Optimum strength of ferricymiide. Since it is not prac- 
ticable to add sufficient methanol to affect the tolerance 
appreciably, the strength of feiTic 3 ^anide needs adjusting 
for each type of material tested, to obtain maximum 
fluorescence. Ror standard aneurin solutions the optimum 
strength is 0*005 % . 

Ferricyanide (%) 

Aneurin ] ^ ^ \ 


(i^g*) 

0*0005 

0*001 

0*002 

0*003 

0*004 

0*005 

0*15 

66*3 

77*8 

91*2 

95*5 

97*5 

100*0 

0*01 

— 

61*6 

96*0 

86*0 

— 

100*0 

0*005 

— 

80*0 

— 

75*0 

— 

100*0 


Ferricyanide (%) 

Aneurin r ^ ^ 

{fig.) 0*006 0*007 0*008 0*009 0*01 

0*15 97*0 95*0 94*5 93*5 88*0 

0*01 — -- — — — 

0*005 — 90*0 — 


The optimum 
shown below: 

strength 

for various cereal 

Ferricyanide (%) 

extracts 


'o*05 

0*10 

0*15 

0*20 

No, 1 extract 

63*0 

90*5 

100*0 

97*0 

No. 2 extract 

59*0 

88*5 

99*5 

100*0 

No. 3 extract 

41*2 

67*0 

91*0 

94*0 



Ferricyanide (%) 

^ . : 



'o*25 

0*30 

0*35 

0*40 

No. 1 extract 

96*0 

94*5 

93*0 

92*5 

No. 2 extract 

99*5 

96*5 

89*0 

91*5 

No. 3 extract 

98*5 

100*0 

99*0 

99*5 


A ferricyanide solution of 0*005% is unstable if exposed 
to strong light, decomposing in 30 min. or so. Protected 
from the light, it has been kept for 1 week and may be 
stable for longer. It was preferred to make a fresh solution 
by dflutiag a stock solution of 0*5 % each day, and to keep 
it shaded from daylight. 

Optimum strength of NaOH. Solutions varying from 7 to 
60% have been tested with varying strengths of ferri- 
cyanide. The following , figures illustrate the results and 
indicate that 30% is the most satisfactory: 

NaOH (%) 20 25 30 35 40 

Reading 89*0 96*2 100*0 96*2 89*0 

Order of mixing the reagents. The following figures indicate 
the degree of destruction of 0*2pg. of aneurin when it is 
mixed with the NaOH and allowed to stand varying times 
before the ferricyanide is added: 

Ferricyanide added 0 3 6 9 12 15 

after (min.) 

Reading 100*0 70*0 47*5 34*0 25*4 14*3 

Jansen mixed the aneurin solution and ferricyanide first, 
adding the NaOH immediately afterwards. Greater fluor- 
escence is obtained, however, by adding the aneurin solu- 
tion to the mixture of NaOH and ferricyanide: 


83*i 


.81*3 


0*2pg, of aneurin added to ferri- 
cyanide 

0*2/xg. of aneurin added to mixture 100*0 100*0 

of NaOH and ferricyanide 
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The mixture ^ with .NaOH is unstable, when the ferri- 
cyanide concentration is of the order of 0-005%. The 
method of mixing the reagents was therefore 
ado])ted; CM ml. of AhiOH is placed first in the bottom of 
the tube. 0-02 ml. of ferricyanide is then pipetted on to 
tJie side of the tube just above the surface of the NaOH, 
so tijat it runs down and floats on the surface of the solu- 
tion. This partition is not disturbed until the test solution 
is measured out and is ready for adding. With the pipette 
in one hand, the NaOH and ferricyanide are mixed by 
shaking the tube, the test solution immediately run in and 
the wdi ole shaken again. Ail the reagents are thus mixed 
together ^nthin 30 sec. The times showm in the results 
below are times elapsing between floating the ferricyanide 
on the NaOH, and mixing wdth addition of aneurin solution: 

Time elapsing (sec.) 20 120 180 240 

Reading . 99-7 99-7 98-0 100-0 

Once this stage has been reached, the addition of, and 
extraction with, isobutanol can be carried out within any 
reasonable time. In the following series the stated times 
elapsed between carrying out the oxidation and extraction 
with isobutanoL 

Time elaiJsing 0 5 10 15 20 25 

(min.) 

Reading 95-3 100-0 95-3 95-5 95-3 99-0 

Extraction with isohutanol* 'With these small volumes, 
bubbling a gas through the liquid is not a successful method 
of mixing the two phases. Stirring was found to be quite 
satisfactory. A small glass stirrer made from glass rod 
drawn out to a diameter of about 1 mm. and shaped into 
an elongated loop 1 cm. long was fastened directly in the 
chuck of a small laboratory motor. A frictional brake gave 
the smooth speed control necessary. With standard aneurin 
solutions, high speeds, 1000 r.p.m. or more, were necessary 
to break up the phases completely, but with cereal extracts 
much slower speeds, 200 or 300 r.p.m., were sufficient and 
essential, since high speeds produced a fine emulsion which 
could not be broken down by simple methods. Extracts 
from some products, e.g. wheat germ, emulsified more 
readily than others, e.g. endosperm ; the lowest speed which 
sufficed to break up the phases was never exceeded. The 
following experiment, in which the solution was oxidized 
in bulk and portions taken for extraction, shows that time 
of mixing is not critical: 

Time of mixing (sec.) 5 10 20 40 60 

Reading 95-7 99-5 97:5 100-0 99-0 

As a measure of safety, 30 sec. was adopted as standard. 
The two layers are left in the original tubes, the isobutanol 
being drawn off dii-ectly into the capillary test cell. With 
cereal extracts the isobutanol layer was cleared by centri- 
fuging at about 1500 r.p.m.; this was not necessary with 
standard aneurin solutions. Within reason, the time elapsing 
between extraction and measurement in the fluorimeter 
is not important: 

Measured after 0 5 10 15 20 25 

(min.) 

Reading- 95-0 97-5 99-0 99-0 100-0 97-0 

Calibration curves. Calibration curves have been pre- 
pared with different filters in front of the right-hand photo- 
cell; three of these are reproduced in Eig. 4. The shape of 
the curve is dependent upon the transmission of the filter 
and the quality of the light emitted by the fluorescent 


standard. With Wratteii filter no. 47 (curve not given) the 
maximum transmission is in the region a little above the 
thiochroine fluorescence. For this reason, the photo-cell 
will not respond much below 0-005 pg. The Hilger no. fi, 
which has a similar but broader transmission, produces a 
similar shaped curve, A in Fig. 4, and as it is much less 



0-2 0*3 0*4 0*5 0*6 0*7 0*8 0*9 1*0 1*1 1*2 1-3 i*4 1*5 1*6 1*7 
Drum reading 

Fig. 4. Calibration curves showing drum reading against 
micrograms of aneurin measured with: A, Hilger filter 
no. 6; B, Wratten filter no. 39; CJ, no filter. 

dense, allows the photo-cell to respond to 0-001 gg. The 
lowest measurements, however, come on an insensitive 
part of the drum, and with this filter a group of calibration 
curves shows considerable spread below O-Olgg. The 
Wratten no. 39, though of overall density greater even 
than that of no. 47, transmits w^ell in the region of thio- 
chrome fluorescence and allows response at 0-001 gg. The 
shape of the curve, B in the figure, is closely similar to the 
shape of the unfiltered curve C. This filter also shifts the 
lowest reading slightly on the drum and a group of curves 
showed no serious spread over the whole range. On these 
grounds, no. 39 was judged to be the most suitable filter 
so far used. 

Each curve shown in Fig. 4 is the average of a group of 
six to eight complete curves. It is desirable to deal with 
groups of curves in this way as, in common with other 
photo-electric colorimeters, the Spekker may exhibit a , 
sHght shift in the whole curve from day to day. This is 
particularly the case wffien it is used as described here, and 
for this reason it is advisable to put one or two aneurin 
standards in with each run of estimations. When the 
capillary test cell containing the thiochrome solution has 
been placed in position, the photo-cells must be balanced 
without delay, as the thiochrome is then unstable and the 
readings fall continuously, especially with solutions of 
0*1 /xg. of aneurin and above. There is ample time, how’-ever, 
to carry out the balancing precisely, as no significant change 
in the reading occurs in 30 sec. 

SUMMARY, 

1. A micro -technique for the estimatioD of vita- 
min has been de\"eloped. The method is based 
on the determination of tliiochrome with the 
Spekker Fluorimeter. A special cell is used and a 
p)recise plan must be followed with tlie different 
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reagents normally used in the, conversion to thio- 
clirome. 

2. In solutions of pure aneurin (or in cereal 


extracts) the method is accurate to ± 20 % at con- 
centrations in the region of 0*001 /xg., the accuracy 
increasing to ± 3% at 0*05 ^g. 
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Application of the Millon Reaction to the Determination of 
Chlorophenols in Body Fluids and Tissues 
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Rothschild Hadassah -University Hospital and the Hormone Research Laboratory, Hebrew University , 
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The versatile antibacterial usefulness of halogenated 
phenols makes valuable a specific micro -method 
for their determination in body fluids and tissues 
[Zondek, 1942]. The j)resent paper describes a semi- 
micro -method for p-chloro-m-xylenol (referred to as 
GX) and p-chloro-w-cresol (referred to as OG) in 
the presence of phenol, e.g. in urine. Patients given 
GX may excrete this substance in concentrations 
up to 50 mg./lOO ml. The halogenated iDhenol is 
allowed to react with Millon reagent at room tern - 
peratui’e, the coloured substance so formed being 
extracted with ether and thus obtained in crystal- 
clear solution suitable for photometric measure- 
ment. Phenol itself under these conditions gives a 
coloured substance which is only sparingly soluble 
in ether. The method is therefore highly specific. 

Several investigators have used the Millon reac- 
tion for the determination of tyrosine, e.g. Folin 
Ciocalteu [1927]. The present successful extension 
of such a method to at least two selected chloro- 
phenols suggests that further investigation would 
render possible a more general application of the 
Millon reaction to analytical methods, in which the 
conventional procedures for the estimation of 
phenols are often inadequate. 

EXPERIMENTAL 

Reagents. Reagent 1 : A mixture of 50 ml. of a 
20% solution of mercuric acetate and 30 ml. of 
25% (v/v) HNO3 (d. = l*42). 

Reagent 2 : A 1 : 4 diluted solution of 100 g. of 
mercury in 200 g. of HNO3 (Millon reagent). 

Standard solutions : 1 g. of GX or GG, twice 
xecrystallized from ethanol and (dried in vacuo, is 


dissolved in 5 ml. N NaOH and diluted with HgO 
to 11. In amber bottles the solutions are constant 
for at least 1 month. 

A. Procedure with aqueous solutions 

Determination of CX. To 15 ml. of test solution in a 
test-tube of c. 30 ml. capacity are added 2 ml. of reagent 1 
and then, if no precipitate has formed, 1 ml. of reagent 2- 
If a precipitate forms, filter and carry out the test on a 
measured portion. The mixture is kept at room temperature 
for 30 min., cooled in ice-water, a^nd 5 mi. of chilled ether 
added. The colour is brought into the ether phase by 
shaking, and the test-tube immediately stoppered. Within 
the next hour the ether extract is transferred to a 0*5 cm. 
cuvette covered with a glass slide. The extinction value (PJ) 
is determined in a Puifrich photometer with filter S 43. 
The concentration of the unkiiowm is read by reference to 
a standard curve prepared by plotting E for known solu- 
tions similarly treated. This curve should be renewed for 
each, fresh batch of reagent and should be checked every 
2 weeks. 

Determination of CC. CC is determined by a somewhat 
modified procedure. 1 ml. of reagent 1 and 1 mi. of re- 
agent 2 are added to 10 ml. of the test solution. The 
mixture is incubated for 2 hr. at 37°, cooled in ice- water 
for 5 min., and shaken with 5 mi. of cold ether. Photometry 
is carried out within 1 hr. (filter S 50 and 0*5 cm. cuvette). 

Results. The colour formed with GX is dirty red 
in the water phase, but clear yellow in the ethereal 
solution. With CG the colour is red in water and in 
ether. Typical standard curves are given in Fig. 1. 
Within a wide range the relation between E and 
the concentration of the halogenated phenol is 
nearly linear. Concentrations of GX or CC greater 
than 0*5 mg./lOO ml. were determmed with an error 
of 5 % . Lower concentrations may be determined 
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by concentrating GX or CG by extraction from acid 
solution a ^me-'tliird voiinne of toluene and 

transferring t.o a suitable volume of O-IN NaOH, 
wliicli is then neutralized with HNO^. The recovery 
is practically quantitative. The presence of 0-1 N, 
NaNO^ does not affect the test. 



0 0*1 0*2 0-3 0*4 0‘3 0-6 0*7 

Extinction coefficient E 

Fig. 1. dependence of the amount of colour developed 
with Millon reagent on the qi:iantity of chlorophenol 
employed. CO=jp-chIoro-m-c.resQl; 6 'X =:p-chloro-w- 
xylenol. . 

Discussion of procedure. By transference from 
the water phase into ether the coloured substance 
is concentrated, and at the same time clear solutions 
suitable for colorimetry are obtained. With CX the 
transfer is quantitative. In the case of 00 a small 
fraction is retained in the water phase, but since 
- the distribution ratio between water and ether is 
constant within the reported range, the value of E 
in ether remains proportional to the 00 concentra- 
tion of the original solution (Fig. 1 ). Furthermore, 
ether extraction renders the determination rela- 
tively specific, the red colour formed by phenol 
with the reagent being very largely ether-insoluble 
(see also Table 2). 

The inclusion of reagent 1 in the reaction mixtm’es 
establishes the desired acidity and accelerates the 
colour reactions. With solutions containing sub- 
stances precipitable by Millon solution, reagent 1 
also serves to remove the interfering substances. 
In this ease the test solution is centrifuged or 
filtered 1 min. after addition of reagent 1 , and 
reagent 2 is then added to a portion of the cleared 
solution (see method for urine). Large variations 
in the concentration of reagent 1 (one -half to twice 
the indicated amount) are without effect on the 
intensity of the colour developed with GX. There- 
fore, the partial removal of reagent 1 by precipita- 
tion does hot perceptibly affect the colour intensity 
obtained. In pur© aqueous solutions, use of re- 
agent 1 is, of course, not strictly essential.' 

Under the conditions specified, the indicated re- 
action times suffice to allow the colour intensity to 


reach a peak. Longer incubation periods are incon- 
venient and may entail some .fading of the colour. 
Attempts to hasten the reaction by the use of higher 
temperatures were unavailing.' At 60° the values 
of E were relatively low; at 95° (7X failed altogether 
to give a colour with Millon reagent. On the other 
hand, non-halogenated phenols, as is well known, 
react most strongly with the reagent when boiled. 
Use might be made of this differential character of 
the reaction to determine non-halogenated in the 
presence of halogenated phenols. Increase in the 
relative amount of reagent I employed considerably 
increases the amount of water-soluble coloured sub- 
stance formed with the Millon reagent by non- 
halogenated phenol. 

B. P^'ocedure with biological materials 

Proteins, fats, and some inorganic salts give a 
precipitate with Millon I’eagent and interfere w^ith 
its use in colorimetry. Howe\^er, quantitative sepa- 
ration of halogenated phenols from various inter- 
fering substances present in biological material can 
be effected by extraction wfith toluene, steam dis- 
tillation, and precipitation with reagent 1. The use 
of the two latter procedures is illustrated below^ 

■ Determination of CX in urine. 2 ml. of urine ate diluted 
with 4 ml. of water and then 2 ml. of reagent 1 are added. 
After 3 min. the mixture is centrifuged, 4 ml. of the clear 
supernatant fluid are transferred to a test-tube, and 0*3 ml. 
of reagent 2 added. The solution is allowed to stand for 
30 min. at room temperature, cooled, extracted with 4 ml. 
of chilled ether, and colorimetry carried out as in the 
method for aqueous solutions. A standard curve is con- 
structed from results obtained with water solutions of 
known CX content similarly treated. The sensitive range 
is that covered in the experiment described in Table 1. 

Deter minatio7i of CC in urine. 5 ml. of urine are made 
just acid to litmus, transferred to a long-necked distillation 
flask, and steam -distilled until 15 ml, of distillate have 
collected. Excessive foaming is prevented by the addition 
of a few drops of liquid paraffin. The distillate obtained is 
treated as in the procedure given for determination in 
water. A standard curve is prepared from results obtained 
with aqueous solutions of known content distilled in the 
same apparatus and treated similarly. The sensitive range 
is shown in Table 1. 

Determinatio7i of CX in blood. 5 mi. of oxaiated blood 
are deproteinized by mixing with 20 ml. acetone, filtered 
under suction, and the precipitate washed with 10 ml. 
acetone and 5 ml- ether. The pooled filtrates are quantita- 
tively transferred to a long-necked distillation flask, joined 
to a water condenser and held over a water-bath. 0*3 ml. 
40% NaQH and, to diminish foaming, a few drops of 
liquid paraffin are added. The acetone and ether are then 
driven off slowly b}?" heating the water-bath. Evaporation 
is discontinued when, the constant flow of distillate having 
ceased, foaming becomes excessive. The residue of liquirl 
is then rendered acid by addition of 1 ml. 25% (v/v) 
H 2 SO 4 , and steam-distilled. When 15 ml. of distillate have 
collected, the distillation is stopped. The distillate or a 
suitably diluted portion is used as in the method for 
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aqueous solutions. A standard curve is prepared by sub- 
jecting aqueous solutions of known concentration to similar 
treatment, using tbe same apparatus. The sensitive range 
is shown in Table 1. 

The same procedure can be applied to the determination 
of OC' in blood. 

Determination of CX and CC in minced tissues. Extrac- 
tion of OX and CC is carried out from minced tissue by 
boiling in acetone under a reflux condenser for 1 hr. Other- 
wise the procedure follows the method for blood. 


distillation procedures is therefore a small and, 
within the error of estimation, a constant fraction 
of the total amount originally present. Hence the 
incomplete recovery on distillation does not in- 
validate the procedure. It is therefore important, 
however, to standardize the distillation procedure 
very accurately. 

Specificity of estimation. The method is highly 
specific for halogenated phenols. The examination 


Table 1. Recovery of halogenated phenols from biological materials 


Test substance 

Medium 


^ 



A..._ 



\ 

p-Chloro-w-xylenoi (CX) 

Urine 

Added 

0 

7 

11 

24 

38 

57 

80 



Found 

0 

8 

11 

25^ 

36 

57 

78 

p-Chloro-m-xylenol (OX) 

Blood 

Added 

0 

2-0 

4-0 

4-0 

6*0' 

6-0 

«_ 



Found 

0 

2-0 

3*8 

4-0 

5-6 

5*7^ 


p-Chloro-m-cresol (00) 

Urine 

Added 

0 

5 

10 

15 

20 

25 

— 



Found 

' 0 

5 

11 

15 

20 

25 



Results. The analytical findings when halogenated 
phenols were added in known amount to urine and 
blood are seen from representative experiments 
summarized in Table 1. Within the range of the 
reported experiments the method can be relied upon 
to give results with a maximum error of about 5 % . 

Table 2. Influence of phenol on estimation of 
p-chloro-m-xylenol (CX) 


Composition of test Analytical finding 

mixture 



__A ^ 


Estimated 

OX , 

Phenol 


OX 

ig./lOOml.) (mg./lOOml.) 


(mg./lOOml.) 


{a) Solution in water 


1-6 

0 

040 

1*6 

1-6 

4 

040 

1*6 

L6 

7 

041 

1-6 

1-6 

T4 

045 

1-8 

1-6 

,:28 

0*61 

24 

3-2 

0 

0-84 

3-2 

3-2 

16 

0-82 

31 

3-2 

32 

0-86 

3-3 

3*2 

49 

M4 

4'3 

, 0 

28 

0*10 

04 

0 

56 

0-20 

0-8 

0 

160 

0-70 

: 2-7 


(6) Solution in urine 


20 

0 

0-35 

20 

20 

20 

0-35 

■ -20 

20 

40 

0-36 

21 

20 

100 

0-39 

■ 22 ■ ■ 

20 

200 

041 

23 

20 

400 

0-53 

30 


The absolute recovery of chlorophenol in the 
methods involving separation by distillation was 
93-98 % in these and similar experiments on CX^ 
and 83-87 % for CC. The loss of chlorophenol in the 


of 1000 urine samples from human subjects, none 
of whom had received chlorophenol prior to the test, 
failed to reveal a single urine showing a positive re- 
action for halogenated phenol. The blood of normal 
untreated humans is likewise consistently negative. 

Tyrosine does not react with Millon reagent under 
the conditions of the test, nor do phenol and cresol 
in the concentrations present in urine. The degree 
of interference with the estimation of GX resulting 
, from the presence of imhalogenated phenol is indi- 
cated in Table 2. The relative yields of the ether- 
soluble coloured substance, with CX and phenol 
respectively, are at least 50 : 1. Interference with 
CX estimation was marked only when the concen- 
tration of phenol was over 10 times that of CX. In 
the presence of CX there is a measurable increase, 
in the intensity of the colour of the ether -soluble 
material formed with phenol. The effect is, however, 
small and is not a serious source of error. In the 
method used with urine, phenol interferes with the 
determination of 20 mg. /1 00 ml. only at concentra- 
tions greater than 100 mg. /1 00 ml. '(Table 2 (6)). 
The normal physiological level of ‘free phenol’ in 
urine, however, is only 5-30 mg./lOO ml. 

SUMMARY 

1. The application of the Millon reaction to the 
determination of halogenated phenols in the pre 
sence of phenol is described. 

2 . Semi-micro -procedures for the determination of 
p-chloro-m-xylenol and p-chloro-m-cresol in water, 
urine, blood, and minced tissue are given in detail. 

We are indebted to the Teva Middle East Pharmaceutical 
and Chemical Works Co., Ltd., Jerusalem, for a supply of 
p-chioroxylenol. 
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Halogenated plienols, long employed for external 
disinfection, are also powerful internal disinfectants 
[Zondek, 1942u]. As the result of parenteral or per- 
cutaneous application in man, halogenated phenols 
are excreted in the urine, and prevent its bacterial 
decomposition on storage. In the clinical treatment 
of pyelitis and cystitis, their application may eifect 
sterilization of the urine [Zondek, 19426]. Blood 
from treated patients is bacteriostatic and inhibits 
growth of inoculated staphylococci. Successful 
treatment of septic infections in man is thus made 
possible. 

The present paper is concerned with the fate 
in the body of jp-chloro-m-xylenol (4-chloro-3:5-di- 
methylphenol, referred to briefly as CX), p-chloro- 
m-cresol {4-chlGro-3-methylphenol, referred to as 
(7(7), and with the following derivatives of p-chloro- 
xylenol: acetate, benzoate, sulphate, methyl and 
ethers, and the c -iso -propyl derivative. 

METHODS 

The method of determining CX and CC in the presence of 
phenol, described by Zondek, Shapiro & Hestrin [1943], 
was used. CX and CG react with MiUon reagent at room 
temperature, yielding coloured substances which can be 
extracted with ether and quantitatively determined therein. 
Phenol in the quantities present in body fluids gives no 
colour with MiUon reagent under the conditions of these 
assays. 

Glucuronic acid in urine was estimated according to 
Mozolowski [1940]. The quantity of sulphuric esters in 
urine was calculated by subtracting the free sulphate from 
total sulphate (sulphate after acid hydrolysis). 

■ RESULTS 

Excretion of GX (p-chloro-m-xyUnol) and 
OC {p'-chloro-m-cresol) in the urine 

In rabbits. Rabbits (approx. 1 kg.) were injected 
subcutaneously with 1 g. of (7X dissolved in 10 ini. 
of olive oil. The urine was collected daily and its 
content of free CX determined. The pH was usually 
•2. Aboiit 15 % of the CX given was excreted 
during 4~5 days (Table 1). In an analogous experi- 
ment with GC, 15-20% was recovered in the urine. 

In man. CX administered intramuscularly to 
man is not usually excreted in the free form if the 
pH of the urine is acid. The difference between 


Table 1. Excretion of p-chloro-m-xylenol 



in urine of rabbits 

Excretion of free substance 
by rabbit no. 

Days after 

1 

2 

3 

4 

injection 

(mg.) 

(mg.) 

(mg.) 

(mg.) 

1 

43 

40 

10 

30 

■2 

46 

60 

50 

28' 

3 

50 

30 

44 

32 

4 

25 

10 

34 

30 

5 

12 

— 

6 

8 

6 

— 

— 

— 

— 

Total excreted 

176 

140 

144 

128 


Average excretion = 150 mg. = 15% of quantity injected. 


human beings and rabbits in respect of (7X excre- 
tion was associated with the more acid reaction of 
human urine (pH 5- 5-6- 7). A CX content in urine 
as high as 50 mg./lOO ml. and recoveries up to 8-3 % 
were obtained in man when the urine was made 
alkaline by administration of NaHCOg. Concen- 
trations of CX of 30 mg. /1 00 ml. convert urine into 
a bactericidal fluid. If the urine is again rendered 
acid by administration of NH4CI, CX excretion 
ceases (see Table 2). But in spite of the fact that 

Table 2. Effect of urinary pH on the excretion 
of p-chloro-m-xylenbl in man 


Patient D.H. 


Date 

Matei'ial 

injected 

(g.) 

Additional 

treatment 

pH of 
urine 

Material 

excreted 

(mg.) 

17-18 Jan. 

7 

None 

— 

• 

19-21 

12 

NaHCOg 

7-6 

1320 

22 

0 


7-2 ^ 

. 980 

23 

0 


7d 

300 

24-26 

0 * 

nhI'ci 

5-2-5-8 

60 

27-28 

8 

.5-4 

■ — ■■ 

29 

6 

NaHCOa 

5*4 


30 

6 

77 

7*2 

240 

31 

0 


7*8 

330 

2 Feb. 

3 

77 

7*8 

170 

3 

0 

None 

6-4 

60 

4 

0 

None 

6-2 



:5 

0 

None 

6-3 



Total given 42' Total excreted =- 3460 mg. = 8*3 % 


ho CX could be demonstrated chemically, some 
bactericidal substance seems to have been excreted, 
since with most treated patients no ammoniaeal 
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decomposition of the stored urine occurred. In 
other experiments decomposition of urine was foimd 
to be prevented by concentrations of GX exceeding 
2 mg./lOO ml. 

When 00 was administered to several human 
patients intramuscularly in oil, it was in no case 
recovered in the mine in appreciable quantity. It 
was extremely difficult to make the urine of these 
patients alkaline, an effect which was apparently 
due to the administration of 00. Where alkaliniza- 
tion was effected a negligible excretion of 00 was 
observed. , 

Combined forms of CX in urine 

Since phenol appears in urine combined with 
glucuronic acid and with sulphuric acid as well as 
in the free state, it was to be expected that GX too 
would be found partly combined in these forms. 
The combined CX was determined by estimating 
glucuronic acid and bound sulphuric acid before 
and after CX treatment. In humans injected with 
5 g. OX, approximately 700 mg./lOO ml. were ex- 
creted combined with glucuronic acid, and 840 mg./ 
100 ml. as a sulphuric ester; 14% of the quantity 
injected is thus found in the form of glucuronide, 
and 17% as sulphuric ester. The total recovery of 
OX in combined form is thus 31%, 

Dissociation of combined CX by urine 

Some urine samples, which give no chemical tests 
for free OX when fresh, may develop considerable 
quantities on standing. This finding was corrobo- 
rated by bacteriological tests. Urine which con- 
tained Escherichia coli when fresh, became sterile 
after standing for some days, and in some cases 
then also destroyed added bacteria. 

Urine specimens in which no free CX could be 
demonstrated were stored for 1 month. Control 
specimens were boiled before storing. Free OX was 
thefi determined, and 9—17 times as much was 
found in the unboiled urine as in the boiled speci- 


OF PHENOLS 

toxic in animals and more soluble in oil than was 
OX itself (solubilities— 20 and 25 % respectively for 
the esters, as against 10% for OX). These ester 
derivatives could therefore be safely administered 
in larger single doses. It was found, also, that GX 
dissolves in oil to a higher concentration in the 
presence of OX-esters. In oil containing a total of 
30 % of OX-acetate, for instance, 20 % of OX could 
be dissolved as against only 10 % in pure oil. The 
sulphuric acid ester presented a particular advan- 
tage, its sodium salt being soluble in water up to 
5 % . OX-methyl- and ethyl -ethers were liquids at 
30° and could be injected without dilution. 

It was thus of interest to ascertain whether esters 
and ethers of OX are decomposed in the body with 
regeneration of active OX. The excretion of free 
OX in rabbit imne after injections of the ester 
serves as an indication of such regeneration. The 
OX-esters and ethers do not give a positive colour 
reaction with Millon reagent. 

OX-acetate and benzoate are readily absorbed 
and decomposed to OX in the animal body (Fig. 1). 



Fig. 1. Total amount of p-chloro-w-xylenol (OX) excretion 
in rabbits, as % of amount injected. 

The total amount of free OX excreted in urine in 
such eases is quite as high as when OX itself is 
injected, though the rate of excretion is somewhat 



mens. These results suggest that the dissociating 
agent is destroyed by heat and is of an enzymic 
nature, presumably a glucuronidase or sulphatase. 
This point is under investigation. 

Excretion of CX in urine after injection of 
CX esters and ethers 

Ester derivatives of hormones have been of great 
value in hormone therapy (e.g. oestradiol benzoate, 
testosterone propionate, desoxycorticosterOne ace- 
tate, etc.). The high activity of such esters is attri- 
butable to their slow absorption on subcutaneous 
administration and the consequent sustained libera- 
tion of active substance in the body. It seemed 
possible that in phenol -chemotherapy, too, the use 
of ester derivatives would be advantageous. The 
acetic acid and benzoic acid esters of CX were less 


slower. 

OX-methyl- and ethyl-ethers are also decomposed 
to give free OX, the extent of the excretion of OX 
being equal to that obtained when OX itself was 
injected. This is of particular interest, since it is not 
generally accepted that the animal organism can 
perform such dealkylations. Excretion of free OX, 
after the ethers had been given, continued for 11-17 
days, as against a period of excretion of 4-6 days 
when free OX or 00, and esters of OX, were tested. 
Bepetition of the experiment with various modifi- 
cations consistently confirmed this finding. The 
slow absorption or decomposition of the test sub- 
stance should be of clinical importance. 

After injection of OX-sulphate no free OX, or 
only small amounts, appeared in the urine. OX- 
sulphate, which is a detoxication product of OX, is 
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presumably rapidly excreted, largely , in an un- 
clianged condition. After o-iso-propyl-OX had been 
given to htoiian beings or to rabbits it was not 
' found in the urine. Its water solubility is low and 
it' is also practically insoluble - in dilute alkali. 

Concentration of CX in blood 

Concentrations in Mood of 3-10 mg. /1 00 ml. are 
observed only when large amounts of CX have 
been given, e.g. 50 g. to man or 1—3 g. to a rabbit. 
These large doses can be administered by inunction 
of a 30 % <7X-ointment, Concentrations in blood 
of 1 mg./lOO ml. were obtained when 1 g. of CX 
was given to man by intramuscular injection. The 
maximal CX content was observed 1-5 hr. after 
treatment, but in most cases no CX was chemically 
demonstrable in the blood. Nevertheless, we have 
sufficient evidence from the urinary data of the 
completeness of the absorption of CX. Evidence 
was also provided by the CX content of cantharidin 
blisters in CX-treated patients. Despite our- in- 
ability to detect CX in the Mood by chemical 
means, we have found that the blood of the treated 
patients showed considerable bacteriostatic power 
towards inoculated cocci. Whereas chemically de- 
tectable quantities of CX disappear from the blood 
several hours after treatment, bacteriostasis sets in 
only after more than 24 hr. The cause of this dis- 
parity will be dealt with elsewhere. 

CX in cerebrospinal fluid 

In no instance were chendically detectable quan- 
tities of CX present in cerebrospinal fluid taken 
from rabbits or from men at various intervals 
4-48 hr. after CX treatment. 

Fate of CX injected in the body 

As excretion in the urine of free and combined 
CX accounted for only part of the CX injected, it 
was of importance to establish what proportions of 
the amoimt administered are excreted in the faeces 
and retaiued in the body. Five rats (70-80 g.) were 
given 100-200 mg. of CX by injection, and the 
urine and faeces collected for 48 hr. The animals 
were then killed, minced and extracted fii*st with 
cold and then with warm acetone, and CX deter- 
mined in the extracts. About 15 % of the CX in- 
jected was recovered in the faeces. Half an hour 
after injection, 85-90 % of the CX was still present 
in an unchanged form in the whole body. After 
48 hr. only 10 % could be recovered from the minced 
carcass. The total quantities of CX found in urine 
(combined + free = approx. 30 %), faeces ( 15 %), and 
in the body (10%) after 48 hr. thus accounted for 
only approx. 55 % of the quantity injected. It must 
be assumed that some part of CX injected is changed 


by the body to a substance which cannot be de- 
tected by our procedure for the estimation of CX 
in tissues. 

Absorption of injected CX and its distribution 
in the body 

200 mg. of CX in 2 mi, olive oil were injected 
subcutaneously into the left forelegs of five rats 
weighing 100-120 g. After 24-48 hr. the animals 
were killed. The posterior and anterior parts of each 
were minced and analyzed separately for CX. The 
bulk of the recovered CX was fomd in all the 
animals in the anterior part of the body where the 
injection had been given. In one typical experi- 
ment, 24 iir. after the administration, 60 % of the 
injected quantity was found in the anterior part 
and only 5 % in the posterior. After 48 hr. the 
anterior part contained 6% and the posterior 1 % 
of the quantity injected. Absorption of CX is 
therefore a comparatively slow process. 

'' ' ' SUMMARY, -■ 

1. Whenp-phioro-m-xylenoi (CX) is injected into 

rabbits, approximately 15 % of the amount ad- 
ministered is excreted in urine. In hmnan urine of 
acid reaction only very small quantities (about 
2mg./100ml.) are excreted. These quantities are 
usually sufficient to inhibit ammoniacal fermenta- 
tion of the urine. Wlien human urine is rendered 
alkaline by administration of NaHCOg, CX con- 
centrations up to 50 mg./lOO ml. are obtained, and 
up to 8 % of the administered CX is excreted. 
Concentrations of CX above 30 mg./ 100 ml. render 
the mine bactericidal. ^ 

2. After administration to liimian beings or to 
rabbits o -iso -propyl -CX is not excreted in the urine. 

3. p-Chloro-m-cresol injected into rabbits is 
rapidly excreted in the urine. In man no excretion 
was observed. ,, 

4. The acetic acid and bfnzoic acid (^ste^s and 
the methyl- and ethyl-ethers of CX decompose in 
the body with regeneration of CX, which is excreted 
in the free form in the urine. The absorption of the 
esters is somewhat slower than that of CX itself. 
The time required for complete absorption and 
excretion of CX-ethers is three times that for CX 
itself. 

5. CX is partly (30 %) excreted in the urine as 
glucuronide and sulphate ester (in equal amounts) 
after administration to man. 

6. Even when large doses are administered the 
concentration of CX in blood seldom exceeds 
1 mg./lOO ml. Concentrations of 3-10 mg. are en- 
countered occasionally, but only when very large 
amounts are given. The maximum quantities in 
blood are found 1-5 hr. after treatment. 
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7. No GX was detected in cerebrospinal fluid 
after administration of this substance. 

8. The aggregate amount of CX found in the 
urine and faeces and recovered from the animal 
body after 48 hr. accounted for only approximately 
55% of 'the amount of CX given. 


9. The absorption of injected GX^ is a slow pro- 
cess and is incomplete even 48 hr. after the in- 
jection. 

We are indebted to the Teva Middle East Pharmaceutical 
and Chemical Works Co., Ltd., Jerusalem, for a generous 
supply of p-chloroxylenoL 
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I The Replenishment of Depleted Skeletal Reserves of Magnesium 

I By J. DUCKWORTH and W. GODDEN, The Rowett Institute, Aberdeen 


{Received 15 September 1943) 


! It has been shown that the Mg of the skeleton is 

mobilized in response to the threatened shortage of 
the element in the soft tissues that results from 
dietary insufflciency of Mg. [Duckworth, Godden & 
Warnock, 1940]. In the face of the persistent de- 
mand for Mg in Mg deficiency it was formd that the 
rate of skeletal growth determined the amount that 
I could be liberated on account of the demand of the 

j skeleton itself for Mg [Duckworth & Godden, 1941]. 

, The most striking feature of the mobilization of Mg 

I was the high speed with which large quantities were 

' released. 

The question that immediately suggests itself is 
whether the skeletal stores can be replenished as 
easily as they are depleted. The problem is of prac- 
tical interest in the nutrition of farm animals and 
man, in which the dietary intake of Mg is liable to 
vary. This is especially true in the case of man for 
whom vegetables, the supply of which fluctuates 
throughout the year, are the most important single 
source of Mg [Duckworth & Warnock, 1942—3]. The 
result is that varying degrees of inadequacy or 
alternating periods - of adequacy and inadequacy 
are more common than constant minor degrees of 
^ insufficiency. This state may be further accentuated 

by losses in sweat, which may become abnormal 
owing to seasonal change in temperature or condi- 
tions and intensity of work [Duckworth & Warnock, 
1942-3]. 

The present study was undertaken to examine 
this problem, and because of the profound influence 
of the rate of bone growth on liberation of skeletal 
Mg, a combination of Mg deficiency with different 
degrees of Ca deficiency was used. This approach 
also allowed the examination of certain points of 
interest concerning the interrelation of Ca and Mg 
in the skeleton. 


METHODS 

Diets used. The preparation of the diet, the 
methods of analysis and the management of the 
animals have been reported [Duckworth et al. 1940 ; 
Duckworth &> Godden, 1941] and need not be re- 
peated here. The technique for preparing a diet low 
in Mg simultaneously removes the Ca with about 
the same degree of efficiency, so that no additional 
procedure is required. The diets contained less than 
6 parts per million (p.p.m.) of Mg and about 
1-2 p.p.m. of Ca. 

Four diets were prepared, each with a P content 
of 0-35%. By additions of CaCOa, with slight 
compensatory adjustments in the starch content, 
these diets were arranged to contain 0*90, 0*30, 0*10 
and 0*00% of Ca, and are referred to as diets 
A, B, C and D respectively. 

Animal management. One litter of eight rats 
(4 d and 4 $) at weaning was allotted to each diet. 
Of each litter six rats were placed on the appropriate 
deficient diet while two remaining rats of the litter 
were given the same diet supplemented with 
sufficient MgS 04 to raise the Mg content to 0-07 % . 
The six animals undergoing skeletal Mg depletion 
were observed closely, and upon the death of one 
member of the set another, judged clinically to be 
close to death, was dosed with several drops of a 
solution of MgS 04 and then transferred to the same 
diet supplemented with Mg. Thus of each litter 
three animals (hereafter referred to as ‘depletion 
rats’) died of Mg deficiency and three others (subse- 
quently referred to as ‘ curative rats ’ ) were sacrificed 
after each had received a curative period of 10 days 
on the appropriate Mg-supplemented diet. The two 
remaining animals were treated as controls, one 
being killed at what was estimated to be the average 
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time of survival of tlie three depletion rats and the 
other being killed 10 days later. These animals are 
referred to as the ‘ depletion control’ and the 
‘curative control’ respectively. 

The animals were under constant supervision 
during the day and were visited every 4 hr. during 
the night. Thus differences between the corre- 
sponding depletion and curative animals, from the 
standpoint of length of time on the Mg deficient 
diets, were minimized. 

RESULTS 

The average values for bone composition are given 
in Table 1. Individual values for the percentage 
of Mg in bone ash are given in Fig. 1. 


Table 1. 


Composition of hones of rats receiving 
different types of diets 


Wt.ofash Wt.ofMg 


Mg de- 
posited 
during 


Wt.'of 

bones 

in 

bones. 

A 

in 

ash 

,A '' . 

curative 

period 

(mg.) 

r 

(mg.) 

(%) 

(mg.) 

(%) 

(mg.) 

■ 36,2 ... ■ 

■■ 204- 

•56*4 

M4 

0*56 


524 

312 

59*5 

2-46 

0*79 

1*32 

350 

201 

57*4 

1*94 

0*97 


544 

332 

61*0 

3*00 

0*90 


363 

195 

53*7 ■■ 

1*10 

0*57 


565 

' 327^' 

57*9 

2*51 

0*77 

1*41 

370 

,207 

55*9 

2*00 

0*97 


642 

, 374 

58*3 

3*1,9 

0*85 


388 

191 

49*2 

1*06 

0*56 


461 

235 

51*0 

1*95 

0*83 

0*89 

406 

208 

51*2 

2*08 

1*00 


448 

227 

50*7 

2*12 

0*93 


279 

135 

48*4 

0*76 

0*56 


266 

116 

43*6 

1*08 

0*93 

0*32 

268 

122 

45*5 

.1*31 

1*07 


320 

130 

40*6 

1*42 

MO 



* — indicates depletion rats; • — f- indicates curative 
; 1 -f indicates depletion control rats; 2 + indicates 
curative control rats. Letters indicate the diet used (see 
‘Methods’). 

The average survival periods of the depletion rats 
on Mg-defieient diets A, B, C and D were, respec- 
, 5*0, 7*3, 8*7 and 11*3 days. Comparison of 


Fig. 1. Percentages of Mg in the bone ash of rats receiving 
different diets and treatment. — indicates depletion 
rats ; — + indicates curative rats ; I -f indicates deple- 
tion control rats; 2 -f indicates curative control rats. 
Lptters indicate the diet used (see 'Methods’). 


the data for bone growth' should be made with 
these differences in' mind. Since a more extensive 
study has already been published [Duckworth & 
Godden, 1941] of bone development in rats re- 
ceiving the present diets, further, discussion ■ is 
unnecessary. 

The percentage of Mg in the ash was about the 
same in all depletion rats irrespective of diet. After 
10 days of re -alimentation with Mg the influence of 
different degrees of Ca adequacy became apparent. 
Thus the curative rats receiving diets A and B 
showed closely similar percentages of Mg in the 
ash, but the crmative rats receiving diets C and D 
showed progressively higher concentrations with 
decreasing Ca intake. It will be noted that the 
individual values were not so closely spaced in the 
two latter groups. The control rats receiving diets 
A, B and C showed the characteristic reduction of 
Mg percentage with increasing age. The control rats 
receiving diet D did not show this reduction and 
the values were above those of controls receiving 
the normal diets A and B. Th<^re is, perhaps, some 
indication of increased Mg percentage in the control 
rats receiving' diet C. In none of the curative 
animals was the value of the corresponding curative 
control readied, although one rat on diet C and all 
on diet D approached, or surpassed, the curative 
control values for diets A and B. 

The amounts of Mg in the bone were closely 
similar for corresponding rats of diets A and B. 
The curative rats and the curative control of diet G 
showed, by the lower quantities of Mg and ash, the 
influence of restricted Ca intake that had not been 
indicated in the depletion rats and the depletion 
control, which had received the diet for a shorter 
period. The amounts of Mg in the bones of rats 
receiving diet D were lower in all cases than for 
corresponding rats on other diets. 

The quantities of Mg stored by the curative rats, 
estimated by difference between the values for de- 
pletion and curative animals, were about the same 
in rats of diets A and B. The value was less in 
animals receiving diet C and least in those receiving 
dietD'. 

The symptomatology, including cessation in 
growth, did not differ from that of previous studies. 
After the addition of Mg, curative rats of diets 
A and B , grew normally, rats of diet C showed 
subnormal growth ,and those of diet D slight 
increases. 

DISCUSSION 

The regularity of the individual values for the per- 
centage of Mg in bone ash, given in Fig. 1, indicates 
that the differences observed in the curative litter- 
mates at the time they were killed can be attributed 
to differences in the degree to which Mg is stored 
under different dietary conditions. This is supported 
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by the close similarity in the results observed for 
the curative rats receiving diets A and B, which 
i.. are essentially normal diets. 

It is well Imown, and the evidence has been 
summarized elsewhere [Duckworth, 1938-9], that 
when demineralization of the skeleton occurs the 
Mg content of the bone ash generally increases. 
Because of the proportional increase in organic 
matter, itself containing Mg, during demineraliza- 
tion, it has not been possible to state categorically 
that the increase foimd in the percentage of Mg in 
the bone ash arose from an increase in the ‘Mg 
‘ content of the crystals of bone salt. The possibility 

that the increase was the outcome of a greater 
amount of organic matrix remained. 

} The present findings contribute information about 

' this aspect of the interrelation of Ca and Mg in 

bone. The Mg content of the ash of the control 
animals increased as the Ca supply diniinished, the 
' customary reduction with age giving way to an 

' increase with progressive demineralization in the 

case of diet D. In the depletion rats this did not 
\ happen, irrespective of the degree of calcification 

of the bones. The cxu’ative rats receiving diets 
j C and D showed progressively greater percentages 

I of Mg in the ash as Ca intake fell. The simplest 

I explanation of these changes is that Mg can replace 

, Ca, to a limited extent, in the bone salt crystal 

? during periods of Ca insufficiency. If, however, 

there is simultaneously a deficiency of both Ca and 
j Mg, then this replacement does not occur. When, 

i after a period of both Ca and Mg lack, the Mg is 

1 restored to the diet, it then begins to exert its Ca- 

sparing effect in the skeleton. It cannot be argued 
convincifigly that the increase in the percentage of 
Mg in the ash of rats receiving diet D arose in any 
way from the greater percentage of organic matter. 
This would imply that the organic matrix of 
bone contained many times more Mg/unit weight 
than other tissues [the data are collected in the 
review of Schmidt & Greenberg, 1935] and that 
this higher content could be dispensed with in 
Mg deficiency, to give the constant results found 
j for the dejfietion rats. 

i: Tufts & Greenberg [1937-8 a] showed that the 

j® Mg content of soft tissues is not reduced in Mg 

I deficiency. Thus, when Mg is restored to the diet 

after a period of deficiency, there is no soft tissue 
deficit to remedy, and the only requirements are 
those for the replenisliment of the skeletal reserves 
and for new soft tissue and skeletal growth. Since 
Tufts & Greenberg [1937-86] obtained good growth, 
normal gestation and parturition, and fair lactation, 
in rats whose diet contained only 0-005% Mg, it is 
unlikely that the present diet failed to supply suffi- 
cient Mg to meet the above demands. This failure 
of the curative rats to attain the same percentage 
of Mg in the ash as the corresponding curative 


control rats may have arisen from either of two 
main cairses, or from a combination of them. The 
first cause of failure may be that Mg camiot re-enter 
the depleted crystal, or that it can only re-enter it 
at a very slow rate. The second may be that new 
bone salt deposited when Mg is restored to the 
diet does not initially contain the normal quantity 
of Mg, normal composition being attained only 
gradually- That this failure almost certainly in- 
volves the former of these alternatives is shown by 
earlier studies [Duckworth & Godden, 1941], where 
it was formd that the retmn of plasma Mg to normal 
levels during the second phase of the deficiency, 
when drafts on the skeletal Mg deposits have ceased, 
was not accompanied by a return of Mg to the 
skeleton. A further opportunity for Mg to enter 
bone salt would be during those processes of solu- 
tion and redeposition of bone salt which, although 
detected, have yet to be measured accurately. This 
additional process was not considered above when 
the replenishment of the reserves of the growing 
animal was discussed, but it may have been mainly 
responsible for the re-entry of Mg into the bone salt, 
in the curative rats receiving diet D in which no 
bone growth occurred. 

Irrespective of the mamier in which Mg returns 
to the depleted bone salt it is clear that the repara- 
tion of the deficit is less rapid than the depletion 
process. Attention has been called elsewhere 
[Duckworth & Warnock, 1942—3] to the wide varia- 
tions in the concentrations of Mg in human bone, 
and to the evidence of dietary deficiencies in some 
social groups presented. It may be that the varia- 
tion noted is evidence not only of depletion but 
also of the slow rate at which the deficit is made 
good when Mg supplies become adequate. It might 
' be expected that in the adult the return of bone 
composition to normal, in respect of Mg, would 
require longer than in the yoimg growing animal, 
because of- the absence of active bone growth. In 
this case, however, the mechanism involved may 
resemble that of the curative rats of diet D, and 
may depend on the processes of solution and re- 
precipitation mentioned above. 

SUMMARY 

1. Evidence is presented to show that the in- 
crease of Mg in bone ash which occurs in deminerali-. 
zation arises from a Ca-replacing action of Mg. It 
does not occur if Mg supplies are inadequate. 

2. The replenishment of skeletal Mg reserves, in 
rats depleted by acute Mg deficiency, is incomplete 
after a 10-day period of re -alimentation with 
Mg, irrespective of whether or not bone growth 
occurs. . 

3. The interrelation of Ca and Mg in the skeleton 
is discussed in the light of the experimental findings 
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The lodometric Micro -determination of Arsenic in Biological Material 

By G. a, LEVVY, Departments of Medical Chemistry and Pharmacology, University of Edinburgh 

(Received 11 August 1943) 


The method of Allcroft & Green [1935; see also 
Kiese, 1937] for the titrimetric estimation of arsenic 
in tissue digests yielded satisfactory results with 
0-05-1 mg. As. As is separated as AsH^, which is 
passed into AgNOg solution, the arsenite formed 
being titrated with dilute Ig . It has been found 
possible to adapt this technique for 5-50 /xg. As by 
reducing the volume of the solution to be titrated 
till the I2 required for a distinct colour change is 
a small fraction of that required to oxidize the 
arsenite. 

Tubes have been constructed in which D5 ml. 
N/50 AgNOg are sufficient for efficient absorption 
of AsHg at the rapid rate of passage of Hg necessary 
for complete separation of As as AsHg. Titration 
with N/200 I2 is carried out in the absorption tube. 
Under the conditions of the experiment, a distinct 
colour change is produced by 0*003 ml. I2, 'Although 
the amount may vary slightly with the observer 
and with the lighting. The microburette described 
by Conway [1939], with a ground-glass joint in 
place of the rubber stopper in the standard model, 
is used in the titration. If the reservoir is shielded 
from light, there is little change in the I2 over 
intervals of weeks. 

The procedure described has been found reliable 
in thousands of routine estimations carried out by 
several workers in these departments and elsewhere. 
No difficulty has been encountered in adapting it 
to many types of material. 

OUTLINE OF METHOD : 

Organic matter is destroyed by digestion with a mixture 
of HNOg, HCIO4 and H2SO4. The digest is treated with 
(NH4)2.C204 to remove interfering N compounds. When the 
biological materiai is rich in As and the sample taken for 
analysis is small Digestion— small scale’), AsHg is evolved 
directly from thb digest. With large samples of material 
(‘Digestion— large scale’), As is distilled from the digest as 
AsClg, and AsHg is evolved from the acid distillate. The 
procedure thenceforth is the same in both cases. After 
adj usting the acid concentration and adding CuSO^ and 


SnClg to catalyze Hg evolution, Zn is introduced into the 
As-containing solution and the gas liberated is passed 
through ION NaOH and N/50 AgNOg. The dimensions of 
the AgNOg tube are shown in Fig. 1.. To avoid risk of 
breaking the tip of the Conway burette, the gas inlet 
(thick- walled capillary tubing of 1 mm. internal diam.) 



Fig. 1. The absorption tube. 

should be situated close to the wall, as shown. Before 
titrating the arsenite in the absorption tube, solid KI is 
added to remove excess Ag+ which would otherwise prevent 
the appearance of the Ig-starch colour. This is followed 
by NallCOg to remove HI produced in the titration, and 
starch indicator. The tip of the Conway burette is immersed 
in the solution, which is stirred during the titration by 
passing air through the gas inlet of the absorption tube. 

Since a large number of digestions can be carried out 
siniultaneously, the time involved per samj)ie at this stage 
of the determination is negligible. By working in serial 
fashion with six sets of apparatus, estimations can be put 
through the stage of AsHg separation and arsenite titration 
at about 10 to the hour. When preliminary separation of 
As as AsCig is necessary, the distillations can be done at 
the rate of one every 10 min. by using duplicate apparatus. 
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; EXPERIME:NrTAL 

Reagents 

All reagents sliould be of analytical or As4est quality 
HXO3 , cone. ■ SnCla , 40 % in cone. HCl 

HCIO4 , 60 % (w/w) , oHaO, 5 % 

H2SO4, cone. Zn shot, freed from dust 

HNO 3, fuming and extra large shot 

(NH4)2Ca04, sat. solution H2SO4, 20% (w/V) 

FeS04, 7H2O, cryst. ' KI, cryst. 

IvBr, cryst. NaHCOg, powdered 

NaCl, cryst. Starch solution, fresh 

Ag]SrO3,N/50 l2, N/200 

NaOH, ION Standard arsenite solution, 

Glycerine prepared from AS2O3 

Procedure 

Digestion— small scale. Up to 5 nil. blood, 10 ml. urine 
or 2 g. tissue are measured into a 100 ml. Kjeldahl flask, 
and cone. HNO3 (5 ml.), HCIO4 (3 ml.), cone. H2SO4 (10 ml.) 
and two or three clean glass beads are added. The flask is 
warmed, with shaking, over a naked flame till brown fumes 
are given ofp, and heating is continued on a digestion stand 
over a very small flame (to avoid bumping) till they are no 
longer evolved. The contents are then gently boiled till 
H2SO4 fumes appear, and the clear liquid becomes colour- 
less. Heating is continued for 10 min. If the mixture chars 
at any time, the flask is cooled slightly and a few- drops of 
fuming HNO3 added. 

When digestion is complete, the flask is allowed to cool 
and (NH4)2Ca04 solution (5 ml.) is added. The liquid is 
brought to the boil and heating continued till white fumes 
appear. Distilled water (5 ml.) is added to the, cooled 
liquid, which is again brought to the boil, and heating 
continued'till 5 min. after the first appearance of white 
fumes. 

Control experiments, with reagents alone, are carried out 
in exactly, the same manner. It is important that heating 
of the. digest at each stage should be continued for at least 
the period specified. 

Digestion — large scale. Tissue. Up to 20 g. of minced, 
moist tissue are wrapped in very thin paper and placed in 
a 300 ml. Kjeldahl flask (with ground Joint). After the 
addition of cone. HNO3 (30 ml.) and two or three clean 
glass beads, the flask is set aside overnight. 

Blood. Up to 30 ml. blood are treated as described 
above. 

Urine. To not more than 150 ml. urine one-fifth its 
volume of fuming 'HNOg and two or three glass beads are 
added, the liquid evaporated to about 10 ml., and the 
digestion then carried out. 

HCIO4 (15 ml.) and cone. H2SO4 (20 ml.) are added to 
the flask, which is warmed cautiously with shaking over a 
naked flame till I'eaction sets in, and is then placed on a 
digestion stand. After the first violent reaction subsides, 
the burner is lit and the contents brought to the boil. 
When digestion is complete, 20 ml. of (NH4)3C204 solution 
and of water are added. It may be necessary to make 
several additions of fuming HNO3 before digestion is 
complete. 

AsClj distillation. This is necessary only after large-scale 
digestion. A delivery tube is connected, with cone. H2SO4 
as lubricant for the ground-glass joint, to a 1^0 ml. Eresenius 


flask containing distilled water (40 ml.) immersed in ice- 
water [see Bang, 1925]. 

Distilled water (50 ml.) is added to the Kjeldahl flask 
and the contents are cooled thoroughly. Through a wide- 
bore funnel, FeS04, 7H3O (8g.), KBr (2g.) and NaCl (25 g.) 
are added and the flask immediately connected to the pre- 
viously lubricated joint of the delivery tube. A 200 ml. 
volumetric flask is placed over the exit of the Fresenius 
flask. The liquid in the Kjeldahl flask is boiled vigorously 
for exactly 10 min., the ice around the receiver being re- 
newed as necessary. With the liquid still boiiiiig, the de- 
livery tube is disconnected from the Kjeldahl flask. The 
contents of the Fresenius flask are then transferred to the 
200 ml. volumetric flask, and, when cool, diluted to the 
mark. 

Separation of As as AsHg . Two absorption tubes (Fig, 1 ) , 
the second of which acts as guard tube, are charged with 
N/50 AgNOg (T5 ml.). The tubes are stoppered and con- 
nected to a small wash-tube containing ION NaOIl (re- 
newed after 12 estimations), glycerine being used as a 
lubricant for rubber tubing. A right- angle tub^, bearing 
a stox-)per to fit the AsHg generation flask, is attached to 
the wash-tube. 

After a small-scale digestion, the contents of the Kjeldahl 
flask are transferred to a 150 ml. conical flask, with 40 ml. 
distilled water as washing fluid. Alternatively, a measured 
fraction of the diluted digest is made up to 50 ml. with 
20% H2SO4. 40% SnCla (10 drops) and 5% CUSO4 
(3 drops) are added. The liquid is warmed if necessary, 
Zn shot (15 g.) quickly introduced, and the flask at once 
connected to the previously j^repared absorption apparatus. 

After a large-scale digestion, if the portion taken is less 
than 100 ml., it is made up to this volume in a 150 ml. 
conical flask with 20% H2SO4. 'When the total distillate 
is used, it is transferred to a 250 ml. conical flask. 40% 
SnClg (10 drops/100 mi. total vol.) and 5 % GUSO4 (3 drops/ 
100 ml. total vol.) are added and the liquid is warmed. 
Zn (25 g.) is introduced and the flask immediately con- 
nected to the absorption apparatus. 

Titration of arsenite. When H2 has been passed through 
the absorption apparatus for 30 min. the tubes are dis- 
connected. The rubber stopper of the absorption tube is 
washed down with a few drops of distilled water, and the 
gas inlet is connected to the compressed air./KI is added 
tfll the precipitated Agl redissolves. After the addition of 
a spatula-point of NaHCOg and a drop of starch solutioii 
the tube is slipped over the jet of the Conway burette. 
It is held in place by sliding the titration platform under it, 
and with air passing tlirough the liquid at a gentle rate 
Ig is run in till a red- brown colour appears and persists for 
30 sec. Before the end of the titration, the gas exit is 
washed down by increasing the flow of air till a little of 
the Liquid is blown into it. A daylight lamp is of advantage 
in observing the end-point. If the liquid in the guard tube 
darkens, it is titrated in the same way. 

At the beginning of each day, the glass tubing in the 
burette is thoroughly washed out with fresh from the 
reservoir. To standardize the Ig, two different quantities 
of arsenite solution are measured into absorption tubes, 
the volume made up to about 2 ml. wdth N/50 AgNOg, 
and the titrations carried out as described above. The 
amount of As (/zg.) is plotted against ml. Ig, and the 
analytical results are read off from the straight line joining 
the two points. This line cuts the axis at the volume 
required to cause a colour change in 2, ml. N/50 AgNO., 
treated as above, in absence of arsenite. 
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BESULTS 

In 20 experiments in which. 20fMg. As were added 
as NagHAsOg to 100 ml. 20 % H2SO4 and separated 
as As.HsV the mean recovery was 19-6/Ag., and the 
standard deviation of a single observation from 
the mean Avas 0-73gg. In the subsequent pages of 
this paper, ‘ standard deviation ’ always means the 
standard deviation of a single observation from the 
mean. In 26 determinations of 20 ^g. As added to 
3 ml. blood for small-scale digestion, average re- 
covery Avas 18*9/xg. (standard dexiation 2*3p,g.). 
These two series of estimations were carried out by 
a technical assistant who understood that he was 
dealing with amounts of As differing slightly from 
each other. 

In 19 analyses in which three portions of the 
same digest, averagmg 12-1 gg. As,, were taken for 
the final stage (separation of AsHg and titration of 
arsenite) of the estimations, the standard deviation 
'was 0-50 ^g. As. A research worker investigating 
the procedure found the average recovery in 24 de- 
terminations of 20gg. As added to 1 ml. blood to 
be 18-8 gg. (standard deviation 2*5p,g.). The results 
in Table 1 for As added to 20 g. of minced mouse 
illustrate the recovery after large-scale digestion 
and preliminary separation of As as AsClg. 

Table 1. Eecovery of arsenic added to minced 7nouse 
friof to large-scale digestion 


DISCUSSION 


As 

As re- 

Re- 

As 

As re- 

Re- 

added 

coA’ered 

coA'eiy 

added 

coA^ered 

covery 

(f'g-) 

{f^&) 

(%) ■ 

(gg*) 

(Mg*) 

(%) 

8-0 

74 

93 

48*0 

46*3 

'97 

10-0 

9*3 

93 

50*0 

45*8 

92 

12-0 

124 

103 

56*0 

55*6 

99 

16‘0 

17*8 

111 

60*0 

54*7 

91 

20-0 

17*5 " 

88 

64*0 

60*1 

94 

30‘0 

32*2 

107 

72*0 

63*4 

88 

32*0 

30*6 

96 

72*0 

69*4 

96 

40*0 

42*4 

106 

80*0 

77*2 

97 

40*0 

38*1 

95 

80*0 

77*1 

96 

40*0 

344 

86 

100*0 

96*6 

97 

48*0 

47*6 

99 





The accmacy is largely determined by the care 
taken in carrying out the control experiments with 
reagents alone. The lower limit for accurate estima- 
tions depends upon how much As is present in the 
reagents, the lighting during titrations and the 
sensitivity of the individual to the end-point. 
Below 10/xg. As, the titration error (about 0*3/xg.) 
assmnes increasing importance as the amount of 
As decreases. The percentage As not retained in the 
first AgNOg tube varies with the rate at which Hg 
is deveioped, but as a rule little AsHg reaches the 
guard tube witii less than 50 fig. As or passes through 
it with less than 100 pg. present. With special care 
it is possible to work in the range of 2-IOjLtg. As 
with the accuracy found for larger amoxmts of the 
element.":' ' 


Allcroft & Green [1935] found HKOg and HCIO4 to 
be the most satisfactory reagents for digestion in 
their As determinations. Their figures, however, 
shoAved a constant loss of As, particularly marked 
with 5 and 10 ^g. AsgOg, which should probably be 
attributed to the digestion rather than to titra- 
tion or separation of AsHg. In trials carried out 
here, poor recoveries were invariably obtained when 
H2SO4 was omitted from the digestion mixture. 
W^ith a mixture of all three acids [Ivahane, 1932; 
Hinsberg & Kiese, 1937; Cassil, 1937], loss of As 
during the combustion has not been noted, even 
though no special precautions were taken when 
fairly large amoimts of OF Avere present [see How, 
1938 ; Klein, 1920]. 

The Sub-Committee of the Society of Public 
Analysts on the Determination of As [1930], Winter - 
feld, Doerle & Rauch [1935] and Kiese [1937], all 
found it necessary to carry out a double separation 
of As after digestion of large samples of biological 
material. NaCl is employed as a source of gaseous 
HCl in the preliminary separation of As as ilsClg. 
Bang [1925] recommended KCl. T. B. B, CraAvford 
& T. D. E. Storey (prWate commimication) found 
a 20% loss of As when HCl [Cox, 1925; Bamberg, 
1921 ; Winterfeld eif al. 1935 ; Kiese, 1937] was used. 
With small amoimts of blood or urine, Dr Ena 
BroAvn (Mrs G. M. Henderson) has dispensed with 
the AsClg distillation without increasing the error. 
The separation of As as AsHg directly from acid 
digests was recommended by Allcroft & Green 
[1935]. 

The most satisfactory reaction with Zn, in pre- 
sence of Cu+^“ and Sn++, for the separation of As as 
AsHg , is obtained with 4]Sr H2SO4 . A similar rapid, 
but not violent, evolution of Hg from the AsClg 
distillate is obtained after it has been diluted to 
200 ml., giving a concentration of HCl of approxi- 
mately 2N. The use of NaOH to remove HgS from 
the stream of AsHg and Hg was recommended by 
Hinsberg & Kiese [1937]. According to Kiese [1937], 
N/50 AgNOg is sufficiently dilute to avoid the forma- 
tion of any arsenate in the reaction Avith AsHg. 
Our results indicate that both the separation of As 
as AsHg and the conversion into arsenite proceed 
quantitatively. Contrary to the suggestion of Con- 
way [1939], we have foimd air stirring to be entirely 
suitable for iodometric titrations, in spite of the 
volatility of Ig . 

Methods based on the matching of stains liave 
been considered unsatisfactory by many authors, 
e.g, Winterfeld et al. [1935], Cassil [1939]* Thus 
Barnes & Murray [1930] found a standard deviation 
of 4*8 g,g. in 150 estimations of 27-3 pg. AsgOg, and 
Keller [1929] a 15% standard deviation in the re- 
covery of As (22-94^g. AsgOg) by a similar method. 
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In these studies, the length of stain produced by 
AsHs on HgBr 2 paper was measured and the corre- 
sponding figure for As read from a graph obtained 
with standard solutions. It should be noted that 
variation in length of stain for a given amount of 
As enters into the preparation of the graph as well 
as into analysis of an unkno^vn sample, thus intro- 
ducing the possibility of further error in the final 
result. The standard deviation of a single deter- 
mination of 20 ^g. As by the micro -titrimetric pro- 
cedure was 3*7%, While it is as sensitive as the 
usual Gutzeit procedure, the titrimetric technique 
is much more objective and does not call for the 
same careful control of physical conditions in the 
evolution of i^sHg . 

Cassil & Wichmann [1939] have reported a pro- 
cedure for small quantities of As very similar in 
principle to that described above. As was separated 
as AsHg and passed into 1 ml. 1-6 % HgClg. Ig was 
added, and the excess back-titrated with arsenite, 
in contrast to our direct titration. The final volume 
of solution titrated was about 8 ml. After the ab- 
sorption of AsHg in HgClg , one atom of arsenic was 
found to correspond to eight atoms of iodine. The 
sensitivity of the estimation must, therefore, have 
been identical with that observed in titrating, in a 
volume of 2 ml., the product of the reaction between 
AsHg and AgNOg, which requires two atoms of 
iodine for each atom of arsenic. It seems that the 


sensitivity in using HgClg could be further increased 
by decreasing the volumes of the reagents added 
before the back -titration. Cassil & Wichmann ’s 
accuracy was somew.hat greater than that claimed 
for the present procedure. 

SUMMARY 

1 . With a special tube for the absorption of AsHg 
in AglSTOg solution and the Conway micro -burette 
for the titration of the arsenite formed, the iodo- 
metric estimation of As in digests of biological 
material was modified to cover the range 5-50 pg. 

. 2. The recovery of 20 pg. As was 98%, the 
standard deviation of a single observation from 
the mean being 3-7 %. 

3. Methods for the digestion of As-containing 
material were examined, and the use of a mixture 
of HNOg, HCIO4 and H2SO4 adopted. 

4. Preliminary separation of As as AsClg from 
the digest was found to be necessary only when 
large samples of material w^ere taken for analysis. 

The author is indebted to Prof. G. T. Marrian for helpful 
criticism, to Ur G. T. Meiklejohn for making the first 
absorption tubes, and to aU workers in these Departments, 
besides those already mentioned, who in carrying out 
arsenic estimations introduced refinements into the pro- 
cedure. Permission from the Director General, Scientific 
Research and Development, Ministry of Supply, to publish 
this paper is gratefully acknowledged. 
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The Components of the Antigenic Complex of 
Salmonella Typhimurium 


By G. G. freeman, Dyson Perrins Laboratory, Oxford University 
(Received 21 July 


Recent wmrk on the antigenic complex of Eberthella 
typ)hosa (Bact. typhosum) has shown that the sub- 
stance may be obtained in a state approaching 
chemical homogeneity by trichloroacetic acid or 


diethylene glycol extraction of the bacterial ceils, 
and by tryptic digestion of the dried organisms. 
The complete antigenic complex may be broken 
down by mild acetic acid hydrolysis with the libera- 
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t-ion of tbe component polysaccharide, conjugated 
protein and lipid constituents. The polysaccharide; 
which is non-antigenic and relatively non-toxic, is 
responsible for the specific properties of the intact 
antigenic complex. It has been shown to be free 
from lactose, pentose and uronic acid residues, but 
it yields 40% d-glucose, 21 % d-mannose and 17 % 
c7-galactose on hydrolysis. The polysaccharide has 
a minimum molecular weight of the order of 10,000 
[Freeman & Anderson, 1941; Freeman, 1942]. 
Henderson & Morgan [1938] have shown that the 
antigenic complex of the 0901 strain of Eberth, 
typhosa is obtained by diethyleneglycol extraction 
of the organisms, and exists as a polymolecular 
complex containing three main components, a spe- 
cific polysaccharide, a protein and a phospholipin. 

In the present paper the methods which have 
proved successful in the case of EbertK typhosa have 
been applied to the investigation of the nature of 
the components of the antigenic complex of Sal- 
monella typJiimurium {Bact, typhi-murium). 

The results have in general confirmed those 
already obtained with the closely related Eherth. 
typhosa^ but quantitative differences, especially in 
the nature of the specific polysaccharides, which 
account for the immunological dissimilarit;^ of the 
two species, have been found. 

EXPERIMENTAL 

The organism was an O -strain (L.S.H.T.M. Cata- 
logue C3/23), which was free from Vi antigen. It 
was grown on a synthetic medium as described by 
Freeman, Challinor & Wilson [1940]. The dried 
bacterial bodies and several batches of antigen used 
in this work -were prepared in the Departments of 
Biochemistry and of Bacteriology, London School 
of Hygiene and Tropical Medicine; the author is 
greatly indebted to Professors H. Raistrick and 
W. W. C. Topley for the use of these starting 
materials. The antigenic complex was obtained by 
tryptic digestion [Freeman et aL 1940]; the dried 
organisms were digested in batches of 45 g. with 
an average yield of 6*9 % of antigen. 

Purification of the antigenic complex 

Before degradation, the antigenic material was 
fractionally precipitated from aqueous solution, 
(a) with ethanol and (6) with ammonium sulphate, 
in order to establish its homogeneity, 

{a) Ethanol fmctionation of Salmonella typhimurmm 
antigen. 23-2 g. of antigen were dispersed in 600 ml. of 
water by grinding in a mortar and by mechanical shaking. 
The opalescent viscous solution was made 0*1 N to acetic 
acid and centrifuged at 3000 r.p.m. for 3 hr., giving 0*24% 
of dark insoluble residue. The opalescent supernatant solu- 
tion gave no appreciable precipitate When ethanol was 
added to a concentration of 50% (w/w), but when the 


ethanol content was raised to 60 % the bulk of the antigen 
.separated out after standing overnight, leaving a water- 
clear supernatant solution, which contained little or no 
antigenic material. The precipitate was washed with 60% 
ethanol and redispersed in 1 1. of 0-1 N acetic acid. Addition 
of ethanol to 57 % concentration gave a small amount of 
precipitate (F0-60%/0--57 %}, which was removed by 
passage of the ethanol suspension through a de Laval 
Industrial Separator (F0-60%/0--57%; 1*25 g.= 5*4%; 
N, 5*2; ash, 13-4; reducing sugar T-alue, 58%; limit of 
precipitation with anfiserum, 1 in 338,000; optimum, 7500-- 

37.500) , and a colourless, opalescent supernatant solution. 
The ethanol content of the latter was raised to 60% and 
the bulk of the antigen separated out leaving a clear super- 
natant solution. The main antigenic fraction, FO-60%/ 
57-60 % , was washed twice with absolute , ethanol and 
twice with ether and dried in vacuo over (19-1 g. = 
82-4%; N, 2*7; ash, 14-2; E.v. (reducing sugar value), 
65 % ; [a] “ (in formamide, c = 1 ), -f 1 06® ± 2°, limit of 
precipitation with antiserum 1 in 338,000; optimum, 7500). 
50 hi’, electrodialysis in cellophane membranes reduced the 
ash content of FO-60%/57-60% to 7*9%; X, 2-8%. 
The contents of the first and second 60% ethanol super- 
natant solutions were pi’acticaily devoid of antigenic 
material. Total recovery in fractionation was 97*6 % . 

Reducing sugar value (k.v.,) and specific rotation deter- 
minations on the isolated fractions were carried out as 
described by Freeman & Anderson [1941], and other 
analyses were by Dr G. Weiler. 

(6) Ammonium sulphate fractionation of antigen* 
A further attempt to fractionate the antigenic 
material was made by means of precipitation from 
aqueous solution by increasing concentrations of 
ammonium sulphate. A preliminary experiment 
showed that the bulk of the antigen was precipi- 
tated between the levels of 23-35 % concentration 
of ammonium sulphate. 

The ethanol fractionated antigen (1^0-60%/57-60%), 
14-9 g. in 500 ml. of water, was three times fractionated 
between the limits of 23 and 35% concentration of am- 
monium sulphate. The isolated fractions were submitted 
to dialysis to remove the ammonium sulphate, first in 
collodion sacs, and then to electrodialysis for 60 hr. between 
cellophane membranes. The bulk of the antigenic material 
(10*03 g.= 67*5%) was precipitated at 35% concentration 
of ammonium sulphate (F 23-35%; N, 1*72; n.v. 65; 
ash, 4*2 %; (in formamide, c = 1), -{- 95® i 2° ; limit of 
precipitation with antiserum 1 in 1,000,000, optimum 

37.500) . When the ammonium sulphate concentration was 
raised to 41%, a further active fraction (F 35-41%) was 
obtained (0*779 g. = 5*3 %, N, 2*5; r.v. 65; ash, 5*8%; 
[a]JJ' (in formamide, c = l), +91° ±9®; limit of precipita- 
tion with antiserum 1 in 1,000,000, optimum 37,500). Total 
recovery in fractionation was 77%. 

Extraction of the antigenic mateHal with organic 
solvents* Extraction of the antigenic complex, with 
organic solvents [cf. Morgan & Partridge, 1940^*] 
yielded only 17 mg. or 0*34% of fatty fraction. It 
is therefore apparent that the lipid fraction which 
was obtained from the antigenic complex on hydro - 
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tained (0*169 g. = 8-5%; 1*8; ash, 4*9; E.V. 65%; 


lysis ill a yield of about 4%, as described later, 
was an essential antigenic component and not 
merely an adventitious impuiity. 

Properties of the antigenic complex 

The antigenic complex of 8, typhimurium gave 
opalescent aqueous solutions even when the con- 
centration of antigen was as low as 0*4 % . The bulk 
of the substance remained in solution after 30 min, 
centrifuging at 15,000 r.p.m. The antigenic complex 
also dissolved readily in formamide and in concen- 
trated formic acid, giving solutions which were 
practically free from opalescence, but it was in- 
soluble in glacial acetic acid and in dioxan. The 
bulk of the substance was insoluble in concentrated 
aqueous phenol solutions but, on exposure to 95 % 
aqueous phenol, the antigenic material swelled up 
to form a thin translucent jelly which separated 
out on centrifuging. 0*4 % aqueous solutions of the 
antigen gave no precipitates on addition of an equal 
Amlume of uranyl acetate (cf, antigen of Eherth, 
typliosa Ty2), 10% trichloroacetic acid, salicylsul- 
phonic acid, tannic acid solution, or Esbach’s re- 
agent. Phosphotmigstic acid (2% ih 5% H 2 SO 4 ) 
gave an immediate floceulent precipitate. The pre- 
sence of tyrosine residues was indicated by positive 
Millon’s a-nitroso-/3-naphthoi and Ehrlich’s diazo 
reactions. A weakly positive Sakaguchi reaction 
for arginine was obtained, but Ehrlich’s diazo 
reaction for histidine was negative. 20 mg. of the 
substance in 1 ml. of water gave a weakly positive 
biuret reaction, but the ninhydrin reaction was 
negative. The substance gave a strong Molisch’s 
reaction but did not reduce Fehling’s solution. 

On analysis the pure antigen gave C, 48*4 ; H, 7*3 ; 
]Sr, 1*8-1 *9; non-volatile ash, 4-5; volatile fatty acid 
on hydrolysis (calculated as acetyl groups), 6 * 1 %; 
[a]iJ% + 95° ± 1 ° (in formamide, c=l); [a]j“,-f- 
96° (in water, c=l); reducing value (method of 
Hagedorn & Jensen [1923]) on hydrolysis with 
2iSr HCl for 2 hr. in a sealed tube, 65 % ; organic P, 
0*5; inorganic P, 0*3% (N/organic P ratio, 7). 
Determination of amino -IST (Van Siyke) showed that 
0 * 2 % ofN was present as amino -groups. 

Fractionation of antigen from aqueous solution with 
acetone. To provide further evidence of the homo- 
geneity of the antigenic preparation after purifica- 
tion by fractionation from aqueous solution, first 
with ethanol and then with ammonium sulphate, 
the substance was submitted to a further fractiona- 
tion from aqueous solution with acetone. 

Antigen (1*98 g.) was dissolved in 100 ml. water; the 
bulk of the substance (1*787 g. =90*2%; N, 1*9; ash, 4*7; 
E.V. 63%; [a]j) (in formamide, c = l), +95°±1°; limit of 
jurecipitation with antiserum 1 in 1,000,000; optimum, 
37,500) was precipitated between acetone concentrations 
of 43 and 45% (by weight). On raismg the acetone con- 
centration to 52% a further fraction (F 45-52%) was ob- 
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+97°±1°,; limit of precipitation with antiserum, 
1 in 1,000,000; optimum, 37,500). 0*022 g. (1*1%) of 
substance was recovered from the supernatant solution. 

Immunological properties 0 / Salmonella typhi- 
murium antigen. The antigen in its unfractionated 
state was toxic for mice, average lethal dose, 0*13- 
0*27 mg. [Freeman et al. 1940]. Mouse protection 
experiments have been carried out on several 
batches of crude antigen [cf. Raistrick & Topley, 
1934; Topley, Raistfick, Wilson, Stacey, Challinor 
& Clark, 1937]; the material was shown to contain 
antigens comparable in immunological activity with 
that of the dried bacterial cells. It has not yet been 
possible to conduct mouse protection tests on the 
purified , antigen, but this material stimulated the 
production of precipitins in rabbits at least as 
readily as the crude substance. 

Formamide dissociation of the antigenic complex. 
Morgan & Partridge [1940a] have shown that the 
antigen of Bact. dysenteriae Shiga (a phospholipin- 
polysaccharide-conjugated protein complex) maybe 
dissociated by the action of neutral formamide with 
the production of the free phospholipin and a poly- 
saccharide-conjugated protein complex. 

The antigen of 8. typhimurium {1‘13 g.) was submitted 
to dissociation by the method of Morgan & Partridge and 
yielded only 0*011 g. (0*9%) of a colourless, lipid fraction 
and 0*894 g. (79%) of ‘formamide dissociated antigen’. 
The latter did not differ significantly in its analytical data 
(N, 1*8; ash, 5*2%; [a]^®“, -l-101°il°), limit of precipita- 
tion with antiserum and chemical properties, from the 
undissociated antigenic complex. The aqueous solutions 
were, however, slightly less opalescent than those of the 
original antigen, and on addition of NaOH to pH 8*5-10, 
solutions of the formamide-dissooiated product became 
almost water-clear, whereas those of the antigenic complex 
were still definitely opalescent. 

Acetic acid hydrolysis of the antigenic complex. 
The antigenic complex was split up into its poly- 
saccharide, lipid and conjugated protein compo- 
nents by hydrolysis with dilute acetic acid [Freeman 
& Anderson, 1941; Freeman, 1942]. 

Purified antigenic complex (1*9 g.) was dispersed in 
200 ml. of 0*1^ acetic acid and, after 2 hr. hjMrolysis at 
100 ®, the optical rotation of the supernatant solution had 
become constant ([a]^®", +0*69° ±0*01® (1 dm.)), indicating 
that hydrolysis 'was complete. 

The following fractions were obtained : 

(I) Specific polysaccharide (FO- 86 %), 1*326 g. 
= 69-8 % ; N, nil ; ash, 4-9 ; K.v. 93 % ; [a]®**, + 105° 

± 1 ° (in water, c‘= 1 ) ; | 

(II) Conjugated protein, 0*292g. = 15*4 %; N, 7*2; 
ash, 5 * 9 %; [a]f?", -22®±4® (in 0*liSr NaOH, 
c = 0*3); P, 2*1 %; IST/P ratio, 7; a grey amorphous 
solid, insoluble in water, but readily soluble in 
dilute sodium hydroxide and reprecipitated on 
acidification ; 
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(III) , Lipid fraction, 0*074 g. = 3*9 %, a semi- , 

solid, colomiess fatty substance; 

(IV) An ethanol residue fraction (F 86-99%), 
0-16g.=:8*4%; N, 2*7%; ash, 6*4; b.v. 49%; 
[a]f, -M5"± F. 

Fission of the antigenic complex, as described 
above, is a true hydrolytic breakdown and not 
merely a thermal disintegration of a colloidal com- 
plex. A specimen of antigen underwent no appa- 
rent change on heating at 100° in aqueous solution 
for 2 hr., and gave only 2 % of insoluble residue on 
centrifuging ; on acidification with acetic acid and 
2 hr. heating at 100° the supernatant solution broke 
up into its four components, as described above. 

The specific polysaccharide component 
of the antigenic complex 

The crude polysaccharide was piuified by electro- 
dialysis to remove the bulk of the ash and sub- 
mitted to 2-3 fractionations from aqueous solution 
with ethanol. 

In a typical experiment 1*83 g. of crude polysaccharide 
in 150 ml. water were electrodialyzed for 30 hr. in collodion 
membranes (Hg cathode, Pt anode, e.m,f. 100 V. d.c.), the 
solution concentrated in vacuo to about 20 ml. volume, 
treated with 20 mg. of norit for 30 min. atd00° and twice 
fractionated between the limits of 45 and 86% ethanol 
concentration, giving 1*42 g. =78% of purified polysac- 
charide (F 45-86% (2)). This gave on analysis: C, 44*6; 
H, 6*9; ash, 1*5%; acetyl, nil; -f 103°±1° (in water,, 

c = l). CeHioOsrequiresC, 44*4; H, 6*2%. A specimen of 
the electrodialyzed polysaccharide was re-electrodialyzed 
in 5% solution for 70 hr., and the polysaccharide, reisolated 
by addition of ethanol to 86 % concentration, then gave 
on analysis: C, 44*5; H, 6*9; ash, 1*5%. 

It was concluded that the ash (l*o%) was com- 
bined in the polysaccharide molecule and could not 
be eliminated by physical means. The pure poly- 
saccharide precipitated with S, typhimurium anti- 
serum to a dilution of 1 in 250,000. The polysac- 
charide’ gave a strongly positive Molisch’s reaction 
but did not reduce Fehling’s solution; it gave no 
iodine coloration. The absence of fructose residues 
in the molecule was demonstrated by negative 
Foulger’s and Seliwanoff’s tests. Cole’s rapid fur- 
fural test, Tollens’s phlorogiucinol test, BiaFs orcinol 
test and the aniline acetate test for furfural, all gave 
negative results, suggesting the absence of pentose 
residues. The polysaccharide gave a negative reac- 
tion in Tollens’s naphthoresorcihol test for uronic 
acids: a control test on 5 mg. of glucuronic acid 
under the same conditions gave a strongly positive 
reaction. Scherer’s reaction for inositol and. Sal- 
kowski’s [191 0] modification gave negative results 
on 10 mg. quantities of polysaccharide ; 5 mg. of 
inositol gave strongly positive reactions, both alone 
and in the presence of 10 mg. of polysaccharide. 


Evidence ' as to the Iiomogeiieity of the , poly- 
saccharide has been obtained from: (1) attempts, to ^ 
separate it into fractions with different chemical 
properties by fractional precipitation from aqueous 
solution with acetone, (2) regeneration of the sub- 
stance from its triacetyl derivative in an michanged ' 
form, and (3) ultracentrifuge experiments (see 
Addendum). 

Fractionation of polysaccharide from aqueous solution with 
acetone, 1*49 g. of specific polysaccharide dissolved in 40 ml. 
of water, giving an almost colourless, water-clear solution, 
free from undissolved residue, and addition of acetone 
to a concentration of 40% by weight gave iio^ opal- 
esceirce, but when the acetone concentration was raiged to 
45% a small amount of polysaccharide was precipitated. 
This was separated off, triturated with ethanol, washed 
twice with ether, and dried in vacuo over i)hosphorus 
pentoxide. Further increments of acetone were added until 
the material had been divided into seven fractions: F40- 
4fi%, F45-50%, F50-55%, F55-60%, .F 60-65 %, F 65- 
75%, and F 75-99%. The bulk of the substance (77*6%) 
-was precipitated between acetone concentrations of 40 and 
55%, and only 6*2% remained soluble in 65% acetone. 
The seven fractions were compared by determination of 
specific optical rotation and reducing value on hydrolysis 
(Table 1). 

Table 1. Acetone fractionation of specific 
polysaccharide of S. typhimurium 

Beducing 
value on 


Fraction (g.) (%) 0 = 1) glucose) 

Unfractionated 1*4902 — -flOS® 93 

polysaccharide 

(1) F40-45% 0-1666 11*2 +101° 85 

(2) F45-50% 0*6770 45*4 +101° 90 

(3) F50~55% 0*3131 21-0 +101° 86 

(4) F55-60% 0*0774 5*2 +101° 88 

(5) F 60-65% 0*0944 6*3 +105° 84 

(6) F65-75% 0*0602 4*0 — 66 

(7) ,F75-99% 0*0331 2*2 — 74 

Total recovery: 95*3% (results uncorreoted for ash). 

Fractions of the polysaccharide differing in solu- 
bility in acetone-water mixtures have been shown 
by specific rotation and reducing value detennina- 
tions to be practically identical, and it may be 
concluded that the specific polysaccharide repre- 
sents a chemical entity. 

Acetylation of polysaccharide. On acetylation with acetic 
anhydride in pyridine solution at 70° for 1 hr., the sub- 
stance (0*58 g.) yielded 65 % of theory (0*68 g.) of crude 
acetyl polysaccharide. The latter was purified by extraction 
with boiling absolute ethanol and by reprecipitation from 
chloroform solution with light j^etroleum. The two fractions 
precipitated by light petroleum concentrations of 63 and 
85% respectively were found to be identical on analysis, 
showing that the acetyl compound was homogeneous. The 
pure acetyl polysaccharide (triacetyl derivative) was a 
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colourless amorphous solid; it was insoluble, even on 
boiling, in absolute ethanol, methanol, ether and petroleum “ 
ether, but was readily soluble in chloroform, acetone, 
pyridine and acetic anhydride. It was strongly dextro- 
rotatory, [a] + 1 1 3° ± 1*^ (in chloroform, c = 1 ), and gave on 

analysis: C, 49-9; H, 6*2; acetyl, 48*8 % . CeH705 (OO.CHalg 
requires C, 50*0; H, 5*6; CH3CO, 44*8%. 

Regeneration of the 'polysaccharide from its acetyl derivative. 
The acetyl derivati ve was deacetylated under the conditions 
worked out for the deacetylation of the Eberth. typhosa 
triacetyl polysaccharide [Freeman, 1942]. 0*48 g. of the 
acetyl polysaccharide gave 0*228 g. (84*4 % of theory) of 
/ specific polysaccharide, which gave on analysis: 

+ 102°d:l° (in water, c = l); C, 46*3; H, 6*85; acetyl, 0*9; 
ash, 0*7 %, and precipitated to a dilution of 1 in 300,000 
j with S, typhhnurium, antiserum, optimum 1 in 150,000. 

I Acid hydrolysis of the specific polysaccharide. The optimal 

j conditions of liberation of reducing sugars by hydrolysis of ' 

|i the polysaccharide were investigated as a preliminary step 

in the identifi-cation of the sugars present. The hydrolysis 
I in N H2SO4 at 100“ proceeds rapidly to about 87% (2 hr.) 

[Hagedorn & Jensen] and then follow’s a slower linear 
increase, reaching 93% hydrolysis after 12 hi*. The un- 
! hydrolyzed polysaccharide had a reducing value, as glucose, 

j; of 1*3%. It was found that for complete hydrolysis of 

I the polysaccharide 7 hr. heating with N H2SO4 at 100° 

was adequate. 

I Nature of the component reducing sugars 

} The specific polysaccharide has been shown to 

consist predominantly of anhydrohexose nnits ; 
j ketose, pentose and uronic acid residues were 

absent. d-Galactose has been shown to be present 
in the antigenic complex from which the poly- 
saccharide was derived [Freeman et al, 1940]. 

The hydrolysate from 0*971 g. of specific polysaccharide, 
freed from H2SO4 and concentrated to 25 ml., gave 
-f 1*12° (1 dm.); total apparent glucose =0*81 15 g, (83*6% 
of the polysaccharide). If the reducing constituents had a 
reducing value equal to that of glucose, the ‘apparent 
specific rotation’ of the mixture was +34*5°. 

A-Mannose-phenylliydrazone. One-half of the total neutral 
hydrolysate was treated with 0*2 g. phenylhydrazine and 
0*4 g. 25% acetic acid [van der Haar, 1920; Freeman, 
1942]; mannose phenylhydrazone crystallized out on stand- 
ihg at 0°, yield 0*1486 g., corresponding to a mannose con- 
tent of 20*4% of the specific polysaccharide. The crude 
product was recrystallized from boiling aqueous ethanol 
I (00% w/w) and gave d-mannose phenylhydrazone, colour- 

less microcrystailine plates, m.p. 195° (186° on slow 
heating), unchanged on admixture with an authentic speci- 
men. Found: C, 53*2; H, 6*7; N, 10*3%. 
requires C, 53*3; H, 6*7; N, 10*4%. 

d-Galactose. The excess phenylhydrazine was removed as 
benzaldehyde phenylhydrazone [Morgan, 1938], the filtrate 
concentrated m vactto to dryness and the residue of sugars 
taken up in 2 mi. 90 % acetic acid and the solution allowed 
to crystallize at 0°. 0*053 g. of crystalline d-galactose 
(10*8% of the polysaccharide) separated out. The product 
reduced Fehling’s solution (m.p. 161°, mixed m.p. with, 
authentic <^-galactose (m.p. 164°) was 161°, [a]2?V +80° ±2° 
(in water, c = l)).' A specimen (0*038 g.) yielded 90% 


(0*054 g.) of d-galactose methylphenylhydrazone, m.p. 190°, 
unchanged on admixture with an authentic specimen. 

A small further yield of d-galactose (2*0 % of the poly- 
saccharide) as the methylphenylhydrazone was obtained 
fi’om the filtrate after removal of the crystalline d-galactose 
by treatment with methylphenylhydrazine (asym.) [Neu- 
berg, 1907; Ludtke, 1929; Fi'eenian, 1942]. Found: C, 55*0; 
H, 7*1; N, lO-O^. Ci3H.,oll2G3 54*9; H, 7*1; 

N,9*9%. 

d-Qlucose-p-nitrophenylhydrazone. Excess methyiphenyi- 
hydrazine was eliminated as described above, the sugar- 
containing filtrate evaporated to dryness in vacuo and the 
residue taken up in 2 ml. absolute methanol and treated 
with ^-nitroplienylhydrazine (0*1 g.) [van Ekenstein & 
Blanksma, 1903; Redaire, 1908; Freeman, 1942]. Yellow 
crystalline d-glucose-p-nitrophenylhydrazone was obtained 
(0*044 g., 5*2% of glucose), m.p. 184°, unchanged on ad- 
mixture with authentic hydrazone. Found; C, 45*7; H, 5*6; 
K, 13*3%. C42H47O7N3 requires C, 45*7; H, 5*4; R, 13*3%. 

The isolations of sugars, as substituted phenyl - 
hydrazones, under conditions in which the deri- 
vative of a single hexose is obtained at each stage, 
provide conclusive proof of the co-existence of 
d-glucose, d-niannose and d-galactose as consti- 
tuents of the specific polysaccharide. The losses of 
sugars in the intermediate removal of excess of 
substituted hydrazines with benzaldehyde are, how- 
ever, sufficiently great to low^er significantly the 
yields of hydrazones. 

In a further series of experiments the neutralized hydro- 
lysate from 1*45 g. of polysaccharide gave 0*274 g. (18*9%) 
of crystalline d-galactose. After recrystallization from 90 % 
acetic acid, the m.p. was 165°, unchanged on admixture 
with authentic d-galactose ; the initial and equilibrium rota- 
tions (in water, c = l*7) were: [a]Jf^ -p 143° ±1° (after 
3 min.) ; +80*5° ±1° (after 24 hr.) (these agree closely with 
the recorded values for a-d-galactose, + 144*0° —>■+ 80*5° 
[Hudson & Yanovsky, 1917]) and -p80*4° (at equilibrium) 
[Parcus & ToHens, 1890]. 

The residual sugars in solution were heated under reflux 
withp-nitrophenylhydrazine (1 g.) in methanol. d-Mannose- 
jp-nitrophenylhydrazone (0*473 g., 18*6 % mannose in terms 
of the polysaccharide) crystallized out as pale yeUowisb. 
brown crystals from the boiling solution, m.p. 190°, un- 
changed on admixture with authentic d-mannose-p-nitro- 
phenylhydrazone. On admixture with d-glucose-^-nitro- 
phenylliydrazone (m.p. 184°) the mixed m.p. was 175°. 
[a]^°, -p86°dzl® (in pyridine, c = l), which agreed with 
that of the authentic hydrazone ([a]^®“, +87° ±1°). 

0*6234 g. (24*6 % as d-glucose) of d-glucose-p-nitrophenyl- 
hydrazone separated out from the filtrate at 0° after re- 
moval of d-mannose-p-nitrophenylhydrazone. 

Thus 18*9 % of d-galactose has been isolated from 
the specific polysaccharide as the free sugar, in 
addition to yields of substituted hydrazones equi- 
valent to 24*6 % d-glucose, and to 20*4 % d-mannose 
(20*4% as the phenylhydrazone, and in another 
experiment 18*6% as the p-nitrophenylhydrazone). 
Control experiments rmder the same conditions with 
similar concentrations of single pure hexoses have 
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shown that pure d-gliicose . gives 79*6% of the 
theoretical yield of theiJ-iiitroplieiijdhydrazone and 
pure mannose , 94-9 % of the theoretical yield of 
d-mannose phenylhyclrazone [Freeman, 1942]. On 
this basis the actual iiexose contents of the specific 
polysaccharide are estimated to be; d-glueose, 31 ; 
d-rnannose, 21*5; d-galaetose, 18*9; total hexose, 
71-4%. The: latter approaches reasonably close to 
the reducing value of 90% (as apparent glucose) 
hydrolysis of the polysaccharide. 

A useful confirmation of the relative proportions 
of the three hexoses present in the polysaccharide 
hydrolysates is afforded by a comparison of the 
observed optical rotation of a neutralized hydro- 
lysate with that calculated from the reducing value 
of the solution (Hagedorn & Jensen) in terms of 
apparent glucose. The hydrolysate described above 
-f 1*12° (1 dm.), total volume 25 mi. and 
total apparent glucose, 0*8115 g. In such a solution, 
containing 31% glucose, 21*5% mannose and 
18*9% galactose, the rotation of the d-glucose 
component is + 0*53"^, that of the mannose com- 
ponent + 0*10'^ and that of the galactose 4-0*50°, 
giving a total calculated rotation (1 dm.) of + 1*13°, 
which agrees closely with the observed value. 

The conjugated protein component 
of the antigenic complex 

The conjugated protein fraction gave positive 
biuret, Millon’s and Sakaguchi’s reactions, showing 
the presence of tyrosine and arginine residues. 
Ehrlich’s diazo reaction for histidine was also 
positive. 

The crude substance (0*63 g.) was purified by 
three precipitations from O-IN NaOH with 4N 
[Freeman & Anderson, 1941] and gave 76 % 
(0*48 g.) of purified conjugated protein, N, 6*2; 
ash, 5*1%. 

Tryptic digestion of the conjugated protein. 0-0725 g. of 
the conjugated protein was freshly precipitated by acidi- 
fying an alkaline solution of the substance, and suspended 
in 15 ml. of borate buffer, pH 8-4; trypsin (0*003 g.) was 
added and the digest incubated at 37°'. After 5 days’ 
digestion only 5-1% of the total N had been liberated as 
, and 17*7 % after 14 days (Van Slyke). The sub- 
stance was, therefore, only slowly and very incompletely 
attacked by trypsin. 

Acid hydrolysis of the conjugated protein. 0-01 g. quanti- 
ties of the conjugated j)rotein were hydrolyzed with 1 ml. 

N formic acid containing 3-6% HCl in sealed tubes at 
100° for various periods of time and the amino-K liberated 
determined by the Van Slyke method [Morgan & Partridge, 
1940 a; Freeman & Anderson, 1941]. After 2~4 hr. hydro- 
lysis the bulk of the conjugated protein had dissolved, 
giving a pale brown solution, although traces of insoluble 
residue were still present after 8 hr. heating. The amino-N, 
liberated from the conjugated protein, progressively in- 
oreased to 50*5% of the total N after 4-8 hr. hydrolysis 
and at this stage liberation of amino-acids had reached a 


The 86 % ethanol-soluble fraction of the antigenic complex. 
Ill its crude state this fraction was a colourless, very hygro- 
scopic solid, which dissolved readily in water but was in- 
soluble in chloroform and acetone; it gave a strongly 
positive Molisch’s reaction, showing the presence of carbo- 
hydrate residues, but negative ninhydrin and biuret reac- 
tions, from which it was concluded that the nitrogen was 
not present as amino-acids or peptides. The fraction reduced 
Fehling’s solution on being boiled with it for about 20 sec. 
It gave an immediate precipitate with 2 % phosphotungstic 
acid in 5 % H2SO4. On hydrolysis the substance yielded 
21*5% of volatile fatty acid (calculated as acetyl) and a 
trace of glucosamine (1 %). The nature of this fraction and 
its role in the antigenic complex are not yet understood. 
The compound may be* a partially acetylated polysac- 
charide. The bulk of the volatile fatty acid component 
(acetyl) of the antigenic complex is present in the 86% 
ethanol-soluble fraction. The substance has no power of 
sjpecific precipitation with S. antiserum. 

The Upid components of tJie (mtigenic complex 

The lipid fraction liberated on acetic acid hydro- 
lysis constitutes only 3-4% of the antigen. By 
dissociation of the antigenic complex with form- 
amide a part of , this lipid fraction (0*9% of the 
antigen) is liberated. Although other workers have 
isolated much larger amounts of lipid components 
from bacterial antigens [Morgan & Partridge, 1 940a ; 
Soru & Combieseo, 1940; Boivin & Mesrobeanu, 
1938], our typMmuriu7n axitigen does not appear 
to contain more than about 5 % of this component. 

0*145 g. of the lipid fraction was separated by the usual 
methods, into a mixed fatty acid fraction (colourless solid, 
0*063 g., 43%), a fraction insoluble in cold acetone, which 
was probably a phospholipiii (0*09 g. =6*4%), and 0*04 g. 
(28%) of neutral fatty substance. Insufficient of the lipid 
component w'as available for further investigation. 

Prepm*ation of the specific polysaccharide directly 
from the dried bacterial bodies 

As in, the case of Eherth, typhosa Ty 2, the specific 
polysaccharide of typhimuriwn may be extracted 
directly from the dried bacterial cells by means of 
dilute acetic acid at 100° as described by Freeman 
[194i] [cf. V^liite, 1929, and Morgan, ,1936].. 

28 g. of , the .dried cells were extracted three' times for 
1§ hr. at 100° with 400 mi. lots of 0*1 H acetic acid. The 
successive 'extracts had_ optical .rotations of -f' 0*57°, -r 0*12° 
and “0*06° (1 dm., lfe°), and yieided 4*3 g. (15*4%) of 
.colourless crude pob^ccharide (N, 5*9;' ash, '25*9; B.v. 
84%;. [a]i% 4 67° ±4° (in water, ,c.=i)). The substance 
precipitated with 8. typhimurimn antiserum to a dilution 
of 1 in 300,000. 

The polysaccharide w^as purified as described by Freeman 
[1942]; l-'sSg. of the crude material gave 0*564 g, (30%) 
of pure polysaccharide, which gave on analysis: C, 45*4; 
H, 6*8; inorganic P, 0*1%; organic P, 0*3%; N, nil The 
yield of pure polysaccharide was 4*6% of the dried bac- 
terial bodies, as compared with a jield of about 4*8% in 
terms of the dried bacterial bodies, by hydrolysis of the 
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A rougli strain of 8. typhimurium, (100 g. dried bodies) 
was twice extracted with 1000 ml. lots of 0-lN acetic acid 
for 1|- hr. at 100°. The extracts, which had optical rotations 
of +0-15° and +0*06° (1 dm., 17°), were found to contain 
no significant amount of the specific polysaccharide. A 
fraction F 50-86% (1) was obtained (4*2%), which gave 
only a trace of precipitate with 8, Pyphimurium antiserum 
at a dilution of 1 in 15,000. The specific polysaccharide 
tested at the same time precipitated to a dilution of 1 in 
300,000. 

Preparation of an undegraded specific polysaccharide 

Morgan <fe Partridge [1941] have shown that by 
dissociation of the antigenic complex of Bact, 
dysenteriae (Shiga) with dilute iJ^aOH, and by means 
of extraction with concentrated aqueous solutions 
of phenol, a specific non-antigenic polysaccharide 
was obtained, which differed markedly, in chemical 
and physical properties, from the (‘degraded’) poly- 
saccharide obtained by means of hydrolysis with 
hot dilute acetic acid, and possessed the power, not 
shared by the ‘ degraded ’ polysaccharide, of recom- 
bining with the conjugated protein component of 
the antigen to produce antigenically active com- 
plexes. The antigenic complex of S. typhimurium 
has been submitted to fractional degradation by 
methods analogous to those described by Morgan 
& Partridge. 

( 1 ) By sodium hydroxide dissociation. The 8. typhimurimn 
antigen (1*34 g.), in 100 ml. of ivater, was treated with 
NaOH to a concentration of 0*05 N at 0°, as described by 
Morgan & Partridge; M3 g. (85%) of ‘recovered antigen’ 
was obtained, and this did not differ significantly from the 
untreated antigen in its solubility, appearance in solution 
and qualitative reactions. Only 0*007 g. (0*5%) of material 
was recovered from the alkaline alcoholic supernatant solu- 
tion. This gave a negative biuret reaction. It was clear 
that 0*05 N sodium hydroxide had no significant disso- 
ciating effect on the antigenic complex. 

‘Recov^ed antigen’ from the previous experiment was 
treated with 0*25 N NaOH. An ethanol precipitated fraction 
(F68% (2), 1-01 g. =94%; N, 1-2; ash, 2-2%; 

-f 104° ±1° (in formamide, c = 1)) and a protein-like fraction 
soluble in alkaline ethanol, w^ere obtained. The latter 
(0*041 g. =3*9%; N, 9*0%; ash, nil) was a colourless, 
amorphous solid, which was insoluble in water but dissolved 
freely in 0-lN NaOH and was slowly precipitated from 
alkaline solution on acidification with 2N HCL The sub- 


stance gave positive biuret, Sakaguchi’s and Ehrlich’s 
diazo reactions, indicating the presence of peptides and 
arginine and histidine residues. The compound was ampho- 
teric; it dissolved slowly in N acetic acid at 40° as w'ell as 
in dilute alkali. After reprecipitation from alkaline solution 
and from solution in N acetic acid, the substance remained 
virtually unchanged, N = 9*3 % . 

The recovered ‘polysaccharide’ (F68% (2), 0*91 g.) was 
submitted to two further dissociations with 0*25 N alkali 
and gave 0*68 g. (75%) of ‘undegraded polysaccharide’ 
(E68% (4), N, 0*5%), equivalent to 60% of the undis- 
sociated antigen. The undegraded polysaccharide gave 
aqueous solutions very much less opalescent than those of 
the original antigenic complex. 0*021 g. (2*3%) of ampho- 
teric protein fraction was also obtained from the third and 
fourth alkali treatments of the antigen. 

In order to establish the homogeneity of the undegraded 
polysaccharide, F68% (4) (0*62 g.) was fractionally pre- 
cipitated from aqueous solution with ethanol. Three frac- 
tions were isolated : 

(«) F55-60% (0*56 g.= 90*9%; C, 47*1; H, 7*3; acetyl 
3*5; ash, 6*3; B.v. 73%; +112°^!°; limit of pre- 

cipitation with antiserum, 1 in 300,000, optimum 150,000), 

(b) F60-70% (0*004 g. = 0*7%), and 

(c) F 70-99% (0*048 g. = 7*8%; R.v. 75%; limit of pre- 
cipitation with antiserum 1 in 150,000; optimum 1500), 
and it was concluded from the results that the alkali- 
dissociated polysaccharide, F 68 % (4), was chemically homo- 
geneous. Further evidence on the homogeneity of this 
substance was provided by ultracentrifugal sedimentation 
(see Addendum). 

(2) By extraction of the antigenic complex with concen- 
trated aqueous phenol solutions. Salmonella typhimurium 
antigenic complex (0*984 g.) w^as repeatedly extracted with 
80% aqueous phenol and 95% aqueous phenol; the former 
yielded 0*027 g. (2*7 %) of amphoteric protein and the latter 
none. The ‘recovered polysaccharide’ (1) (0*75 g. =76*5%; 

+81° ±3° (in formamide, c = l)) was an amorphous 
substance which gave very opalescent aqueous solutions. 
Recovei'ed polysaccharide (1) (0*722 g,) ^^as three times 
re-extracted with 80% phenol and gave 0*621 g. (86*0%) 
of recovered polysaccharide (2) (N, 0*5%). The latter gave 
very opalescent aqueous solutions similar to those of the 
original antigen, and was precipitated from solution by ' 
2 % phosphotungstic acid m 5 % H2SO4 . 

In order to investigate the homogeneity of recovered 
polysaccharide (2), the material (0*559 g.) was fractionally 
precipitated from aqueous solution (50 mi.) with ethanol. 
The properties of the fractions isolated are summarized in 
Table 2. Fraction F 50-60% gave on analj^sis, C, 49*1; 
H, 7*9; ash, 5*5%. 


Table 2. Analytical data for fractions of S. typhimuritim ^ undegraded poly saccharide' 

prepared by phenolic extraction 


M eight (g.) M 

Yield (%) 1^'*- 

N (%) r 

Reducing value on hydrolysis (percentage of that of glucose) 

Dilution limit of precipitation with 8, typhimurium antiserum 
(1 part dissolved in;) ^ ^ ~ 

Dilution giving oxJtimai precipitation (1 pai't dissolved in;) - 

Total recovery: 89*3%. 


Ethanol fractions of ‘polysaccharide’ 


Insoluble 

r 

^ , 


residue 

F 50-60% 

F 60-65% 

F65-99% 

0*069 

0*298 

0*112 

0*019 

12*3 

53*4 

20*1 

3*5 

__ 

0*9 




66 

72 , ^ 



1,000,000 

1,000,000 



300,000 

300,000 
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‘'undegfaded polysaccharides^ ipith pToteins 

: Antigenically active artificial complexes of the 
specific polysaccharide and conjugated protein com- 
ponents of Bact, dysenteriae (Shiga) have been ob- 
tamed by Morgan & Partridge [1940 a, 6] by dis- 
solving the isolated components in formamide 
and precipitating the complex with ethanol, and 
later, using an undegraded specific polysaccharide, 
simply by mixing the components of the complex 
in alkaline solution [Morgan & Partridge, 1941]. 
The observation that bacterial polysaccharides pos- 
sess the power of forming acid -soluble complexes 
with |)roteins, which are normally insoluble in 
aqueous solution at acid reaction, has been con- 
firmed and extended to the undegraded polysac- 
charide of S. typMmurium, If a solution of the 
undegraded polysaccharide and an alkaline solution 
of the protein are mixed and acidified with acetic 
acid, a soluble, stable complex is formed, and the 
protein is no longer precipitated by the addition of 
trichloroacetic acid or other protein precipitants, 
provided that an excess of the protein above that 
equivalent to the combining power of the unde- 
graded polysaccharide has not been used. 

By this means the ‘undegraded polysaccharides’ 
prepared by alkaline dissociation and by phenolic 
extraction of the S. typMmurium antigenic complex 
were found to form acid-soluble complexes with the 
conjugated proteins of B. typMmurium and Eherth. 
typhosa Ty2. When the specific polysaccharide 
(acetic acid hydrolytic product) replaced the xmde- 
graded polysaccharide, the admixed proteins were 
iromediately precipitated by acid. The alkali-disso- 
ciated undegraded polysaccharide had the power of 
rendering soluble at least an equal weight of conju- 
gated protein {B. typMmurium), but the phenol - 
extracted ‘polysaccharide’ was saturated by more 
than 40% of protein; this shows that the two 
‘undegraded polysaccharides’ are clearly different. 

The alkali-issociatednndegraded polysaccharide 
formed trichloroacetic acid-soluble complexes on 
admixture in alkaline solution with edestin, human 
serum pseudoglobulin, casein, gliadin and rabbit 
myosin. When the polysaccharide was mixed with 
rabbit myosin in neutral salt solution, no acid- 
soluble complex, was formed. Control experiments 
with B* typMmurium conjugated protein and with 
mixtures of the above proteins with degraded poly- 
saccharide, gum arabic or soluble starch, all gave 
negative results. 

The rmdegraded polysaccharide lost its power of 
combining, with the conjugated protein after 1 hr, 
heating in 0-1 N acetic acid solution at 100®, but 
there w-as no appreciable loss of this activity after 
30 min. at 50®, or 5 min. at 100®, in acetic acid. 
After 1 hr^ hydrolysis at 100® with 0*1 N acetic acid 


the undegraded polysaccharide solution had lost its 
opalescence and had deposited a trace of precipitate 
(2*1%). At this stage the hydrolysate contained 
two polysaccharides, which were separated by frac- 
tional precipitation with ethanol:, (a) (FO-86%), 
80*2 % , [a] 4- 100° ± 1° ; this substance was iden- 

tical with the degraded polysaccharide prepared by 
acetic acid hydrolysis of the antigenic complex; and 
(6) (F86-99%), 0*032g. = 10*6%; acetyl, 13*2%; 
insufficient of this component was obtained for 
adequate purification, but the evidence available 
strongly suggests that the substance, which was a 
very hygroscopic acetyl polysaccharide, consisted 
predominantly of the acetyl polysaccharide pre- 
viously isolated directly from the antigenic complex. 

An artificial complex of the undegraded poly- 
saccharide and the conjugated protein behaved, on 
heating at 100® in 0*1N acetic acid solution, in a 
manner identical with that of the native antigenic 
complex. An artificial complex of undegraded 
polysaccharide and horse serum albumin was stable 
in neutral solution at 100® for 2 hr., giving no pre- 
cipitation of the albumin. 

Combination of undegraded polysaccharide and 
horse serum albumin. Determination of saturation 
The undegraded polysaccharide was fomid to 
form a trichloroacetic acid-soluble complex with 
horse serum albtunin when the two components 
were mixed either in neutral or in alkaline solution 
at 30°. (The horse serum albumin was a specimen 
of lyophil-dried protein kindly supplied by Dr A. G. 
Ogston; see Addendum.) Wlien the ratio protein/ 
polysaccharide did not exceed 3*5, trichloroacetic 
acid-soluble complexes were formed, but increase 
of protein above this proportion resulted in heavy 
precipitates on addition of trichloroacetic acid. In 
the neighbourhood of the equivalence zone addition 
of the precipitant produced very opalescent solu- 
tions, from which a small amoimt of protein sepa- 
rated out on standing. 

The nitrogen contents of. the precipitates and 
supernatant solutions obtained from several unde- 
graded polysaccharide -albumin mixtures, by treat- 
ment with 20 % trichloroacetic acid, were deter- 
mined after drying by the Dmnas method. It was 
found that when the ratio protem/polysaecharide 
did not exceed 3*5, practically the whole of the 
protein remained in the supernatant solution, but 
that when this figure was exceeded the whole of the 
protein was precipitated, practically none remaining 
in the supernatant solution. 

Titration curves of artificial polysaccharide- 
protein complexes 

In order to investigate the changes which take 
place in the solubility and buffering power of pro- 
teins in the presence of S, typhimurium undegraded 
polysaccharide, (a) horse serum albumin and 
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(b) S, typhimurium conjugated protein, alone and 
in the presence of the undegraded polysaccharide, 
were titrated at with 0-01 N HCl and iSTaOH, 
and the pH determined at intervals with a glass 
electrode' and valve electrometer pH meter. 

The following solutions were titrated : 

(i) 5 ml. 1 % aqueous albumin + 4 ml. water. 

(ii) 5 ml. 1% aqueous albumin -}* 4 ml. 0*5% polysac- 
charide. 

(iii) 5 ml. 1 % conjugated protein + 4 ml. water. 

(iv) 5 ml. 1% conjugated protein -1- 4 ml. 0*5%, poly- 
saccharide. 

(v) 5 ml. water + 4 ml. 0%5% polysaccharide. 

(vi) 9 ml. distilled water. 

The conjugated protein solution was prepared by dis- 
solving the substance (0-14 g.) in 2-5 ml. 0-1 N NaOH, 
adding 1 ml. O-IN HCl to the solution and diluting to 
14 ml. with water. 

Between pH 5*8 and 4*5 in titration (iii) each 
successive addition of acid produced a slight pre- 
cipitate, which rapidly redissolved on stirring; at 
pH 4-47 a permanent precipitate of conjugated pro- 
tein appeared which separated out on standing, 
leaving a clear supernatant solution . In the presence 
of the imdegraded polysaccharide (titration (iv)) 
there was no change in the appearance of the 
solution and no precipitation of protein. 

The imdegraded polysaccharide had no appre- 
ciable buffering power; titrations (v) and (vi) gave 
practically identical results. The presence of the 
undegraded polysaccharide brought about no signi- 
ficant change in the buffering power of sernm albu- 
min (Fig. 1) on the acid side of pH 6, but in the 
range of pH 6-10 there was an appreciable increase 
of buffering power. The displacement of the serum 
aibumin curve in the presence of the midegraded 
polysaccharide occurred in the same pH range and 
in the same sense as that produced by formaldehyde 
[Prideaiix & Woods, 1933], but w’as not nearly as 
great. In the experiments of Prideaiix & Woods, 
5-6 ml. more OTN alkali were required to bring the 
albumin to pH 9 in the presence of formaldehyde, 
whereas only 12ml. more 0*01 N alkali would he 
required to bring a corresponding quantity of 
albumin to pH 9 in the presence of undegraded 
polysaccharide. In the titration curves of 8. typhi- 
niurimn conjugated protein (Fig. 2) there was a 
marked decrease of buffering power, in the presence 
of the polysaccharide, in the pH range 4-7, which 
coincided with the range of solubility of the conju- 
gated protein on the acid side of neutrality. 

Katchalsky [1941] observed depression of the pH 
when glucose was added to solutions of various 
amino-acids and peptides, from which he has deter- 
mined the equilibrium constants of the interaction 
of the two components. 

It is clear that interaction or combination takes 
place between the protein and undegraded poly-. 


saccharide nioleciiies, with the production of com- 
plexes which behave towards acids and . alkalis 
differently from the im treated protein. Nothing is 


ml. 0*01 N HCl 


ml. 0-01 N NaOH 


Fig. 1. Titration curve of serum albumin in presence and 
absence of Salmonella typhimurium undegraded poly- 
saccharide. 0 — ^0 Serum albumin, x — x serum albu- 
min + polysaccharide. 


ml. 0*01 N HCl 

Fig. 2. Titration curve of Salm,onella typhimurium con- 
jugated protein in presence and absence of undegraded 
polysaccharide. 0 — 0 Conjugated protein, x — x con- 
jugated protein + polysaccharide. 

known of the nature of the protein-polysaccharide 
bond, but this may be salt-like, or possibly of the 
Schiff’s base type through a polysaccharide aide- 
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bydic group and an amino -group in the protein. The 
evidence available suggests that the combination is 
not analogous to the interaction of formaldehyde 
with amiiiO -groups, which involves a considerable 
pH siiift and alteration of the pK’s of the amino- 
groups, whereas in the formation of the undegraded 
polysaccharide -protein complex there is a very 
small pH shift, and the pK’s of the amino-groups 
are not seriously changed despite the formation of 
an apparently stable complex, in which the poly- 
saccharide renders the protein more soluble in the 
presence of acid precipitants. These conclusions 
regarding the existence of an artificial protein- 
polysaccharide complex are confirmed by ultra- 
centrifugal determination of sedimentation con- 
stants (see Addendum), 


Antigenicity of undegraded polysaccharides and an 
artificial polysaccharide-conjugated protein complex 


The following fractions were tested for anti- 
genicity in rabbits : 


(i) Undegraded polysaccharide (phenol-dissociated pro- 
duct). 

(ii) Undegraded polysaccharide (alkali-dissociated pro- 
duct). 

(iii) ‘Degraded’ specific polysaccharide. 

(iv) /Salmonella typhimunum conjugated protein (dis- 
solved in phosphate buffer (pH 8-4) plus saline). 

(v) Artificial polysaccharide-conjugated protein complex 
(70 mg. undegraded polysaccharide, alkali dissociated, 
+ 20 mg. conjugated protein). 

(vi) Salmonella typMmurimri antigenic complex. (The 
author is indebted to Dr A. R. Martin for the rabbit 
immunizations.) The rabbit antisera were tested for the 
presence of specific precipitins against solutions of the 
homologous antigens, and for their power of agglutinating 
killed 0-suspensions of Salmonella typhiniurium (Table 3). 


' The phenolic -dissociation product and the arti- 
ficial polysaccharide-conjugated protein complex 
were powerfully antigenic, and gave rise to anti- 
sera which precipitated to high dilutions with the 
, homologous antigens, and agglutinated S. typhi- 
murium suspensions to about the same dilution as 
an antiserum prepared against the purified antigenic 
complex. The alkali -dissociation product (unde- 
graded polysaccharide) and the degraded specific 
polysaccharide, on the other hand, had no detectable 
antigenic activity. The phenolic- and alkali-disso- 
ciated products, and the degraded polysaccharide, 
precipitated witfi an antiserum prepared against 
the original antigenic complex to dilutions of 1 in 

1.000. 000 (optimum 1 in 150,000), 1 in 300,000 
(optimum 1 in 15,000) and 1 in 300,000 respectively. 
S. typhimurium conjugated protein was feebly anti- 
genic, giving rise to homologous precipitins, but 
sera 296 A and B were free from typhimurkmi 
agglutinins and gave no precipitates with the 
original antigenic complex. By combination of the 
inactive imdegraded polysaccharide and the feebly 
antigenic conjugated protein, which had no S. typhi- 
murium specificity, a powerfully antigenic artificial 
complex was obtained, which gave rise to antisera 
which precipitated the homologous antigen and the 
original antigenic complex (to dilutions of 1 in 

600.000, optimum 1 in 15,000) and agglutinated 
8. typhimurium suspensions. 

The phenolic -dissociated midegraded polysac- 
charide precipitated with antisera prepared; against 
the parent antigenic complex in a manner almost 
identical with that of the alkali -dissociated unde- 
graded polysaccharide, had similar chemical and 
physical properties and also possessed the power of 
recombining with the conjugated protein com- 


Table 3. Antigenicity of fractions fro7n S. typhimurium 


Precipitation test. 
Dilution of homologous antigen 
1 in 


Agglutination test. 
Dilution of immime serum 


Material used as antigen 

Undegraded polysaccharide 
(phenol-dissociated product) 


(ii) Undegraded polysaccharide 

(alkali-dissociated product) 

(iii) ‘Degraded’ specific polysac- 

charide 


(iv) S. typhimurium conjugated 
protein 


(v) Artificial polysacchari4c-con- 
j ligated protein complex 


(vi) S, typhimurium antigenic 
complex 


0, no agglutination. ; 


Rabbit 

no. 

1500 

15,000 

150,000 

300,000 ' 

To 

SO 

160 

320 

640 

1280 

263A 

+ + 

H — h + + 

+ + + 

+ + + 

4 

4 

4 

3 

1 

0 

263B 

+ + 

+ + + 
(optimum) 

+ + + 

-h 

A 

4 

4 

3 

1 

0. 

266A 


— 

— , 



0 

0 

0 

. 0 

.0 ' 

0 

266B 

— 

— 



0 

0 

0 

0 

0 

0 

265A 


— 

' 

" 

0 

0 

0 

0 

0 

(? 

265B 


— 


— 

0 

0 

0 

0 

0 

0 

296A 

+ ,+ ^ 

+ + 

+ + 



0 

0 

0 

0 

0 

0 

296B 

,+ + 

(optimum) 

+ + 

+ + 

. 

0 

0 

0 

0 

0 

0 

298A 

+ + 

+ + +• 

' ■+ 

■ ■ 

4 . 

4 

4 

3 

i 

0 

298B 

+ + + 

, + + + + 

(optimum) 

. + ,+ 

+ 

4 

4 

4 

■ 2 

1 

0 , 

230 

, + 

+ + + 

(optimum) 

-j — 1 — f_ 

+ + 

4 

4 

4 

4 

'2 " 

0 

ost eoipplete agglutination; 2, 

incomplete aggiutiaation; 

1, 

trace 

of agglutination; 
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ponent, though not so powerfully as the alkali 
dissociation product. It was clearly different from 
the latter, as shown by its antigenic properties in 
rabbits, though this property may be traceable to 
residual small amounts of the antigenic complex 
still undecomposed by repeated phenolic extrac- 
tions. ■ , 

DISCUSSION 

In its nature and properties the antigen of S. typhi- 
murium shows a close similarity to the corresponding 
complex from Eherth. typhosa Ty2. Both antigens 
exist as polysaccharide -conjugated protein-lipid 
complexes, which are readily broken down into 
their components by hydrolysis. There is also a 
fourth conaponent which has not yet been isolated 
in a pure condition, but is described provisionally 
as a partially aeetylated polysaccharide. When the 
antigenic complex is degraded, its antigenic pro- 
perties are lost but the polysaccharide component 
retains the specific properties of the complex. The 
latter undergoes partial degradation, with the elimi- 
nation of one or more of its components, on treat- 
ment with formamide, dilute alkali and concentrated 
aqueous phenol. Dilute alkali and phenol liberate 
an amphoteric protein, which differs from the con- 
jugated protein in being soluble at acid reactions, 
and an ‘undegraded polysaccharide’, intermediate 
in properties between the antigenic complex and 
the specific polysaccharide. The undegraded poly- 
saccharide differs very significantly from the specific 
polysaccharide, in possessing the power of com- 
bining with proteins to form stable complexes, and 
there is evidence that it consists of a complex of the 
specific polysaccharide and the acetyl polysac- 
charide. 

Previous workers have isolated antigenic com- 
plexes from S, typhimurium but some of the earlier 
preparations were undoubtedly contaminated with 
materials derived from the culture media and evi- 
dence of their chemical homogeneity is not always 
available. Raistrick & Topley [1934] prepared anti- 
genic fractions which contained 4-6*5% nitrogen 
and gave 23*1-37*8 % reducing sugars on hydrolysis. 
Topley eif aZ. [ 1937] describe an antigenic fraction 
which contained 4*2-4*S% N. Boivin’s antigen 
from the same organism contained 1*83-2*20% N; 
a.v. 40% on hydrolysis [Boivin & Mesrobeanu, 
1934]. At an earlier stage of this investigation, 
Freeman etaZ. [ 1940] obtained the antigen for the 
first time from organisms grown on a synthetic 
medium; it contained N, 4*2%, and gave 50 % of 
reducing sugars on hydrolysis, [a] 54 ex, -h 76*^. These 
data relate to the crude fraction which was the 
starting material in the ethanol and ammonium 
sulphate fractionations in the present work. These 
figures illustrate the difficulties of obtaining pure 
antigenic fractions from the bacterial cell, and 


emphasize the need for careful fractionation of the 
primary extraction products. 

In their behaviour on hydrolysis, and :in the 
properties of their conjugated protein and specific 
polysaccharide components, the antigenic com- 
plexes of S. typhimurium and Eherth, typhosa display 
a marked similarity, but there are considerable 
quantitative differences of nitrogen content, re- 
ducing value on hydrolysis and specific optical rota- 
tion. The conjugated proteins of the two antigenic 
complexes are markedly similar in their physical 
properties, N contents, constituent amino -acids and 
liberation of amino -nitrogen on tryptic digestion 
and acidic hydrolysis. 

As was to be expected from the immmiological 
data for the two organisms, cross precipitation 
reactions between the specific polysaccharides of 
S. typhimurium and Eherth. typhosa Ty2 were 
negative; the chemical data confirm that the two 
substances are different. Both polysaccharides, 
however, consist entirely of the same hexose units 
(d-glucose, d-mannose and d-galactose), which are 
present in approximately the same relative amounts. 
Differences in the structural arrangement of the 
constituent sugars, which may account for the 
serological dissimilarity of the two specific poly- 
saccharides, provide an interesting subject for in- 
vestigation when more of the specific substances 
become available. 

The work of Morgan & Partridge [1941] revealed 
new methods of degradation of the parent antigenic 
complex, which do not involve high temperatures 
or extremes of acidity. These have been used suc- 
cessfully to prepare undegraded polysaccharides 
from S. typhimurium, which were intermediate in 
properties and composition between the parent anti- 
genic complex and the degraded polysaccharide. 
The undegraded polysaccharides possess the re- 
markable property of forming stable complexes 
with proteins, from which the latter are not pre- 
cipitable by acid protein precipitants. The alkali - 
and phenol-dissociation products (undegraded poly- 
saccharides) display an important difference in that 
the former is non -antigenic, whilst the latter still 
stimulates formation of precipitins in rabbits. This 
antigenicity is thought to be due to residual traces 
of xmdecomposed antigenic complex. 

Morgan & Partridge also showed how^ the poly- 
saccharide and conjugated protein components of 
Bact. dysenteriae (Shiga), lacking specific antigeni- 
city, could be recombined to form complexes which 
gave rise to powerful specific antibodies on injection 
into animals. This has been confirmed and extended 
to S. typhimurium; mixture of the non -antigenic 
alkali-dissociated polysaccharide and the conju- 
gated protein (feebly antigenic but with no S. typhi- 
murium specificity) in alkaline solution, followed 
by acidification, produced a powerfully antigenic 
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complex ^ wliicli gave rise to S. typMmurium pre- 
cipitins and agglutinins on injection into rabbits. 
XTltracentrifugal studies of mixtures of the unde- 
graded polysaccharide with, albumin also clearly 
showed the presence of a new complex. 

SUMMARY 

1. By means of ethanol and ammonium sulphate 
fractionation from aqueous solution the antigenic 
complex of Salmonella typMmurium has been ob- 
tained in a form which is believed to represent a 
chemical entity. 

2. On acetic acid hydrolysis the antigenic com- 
plex is broken down into four components: (a) a 
specific polysaccharide (69%), (6) an insoluble con- 
jugated protein (16%), (c) a mixed lipid fraction 
(S-4%) and (d) an alcohol-soluble acetyl-polysac- 
charide (about 8%). 

3. The specific polysaccharide is non-antigenic. 


It is dextrorotatory, [aff, + 103° ± 1° ;it is free from 
nitrogen and yields 93% of reducing , sugars on 
acidic hydrolysis. The polysaccharide- is free from 
ketose, pentose and uronic acid residues, and yields 
31% d-glucose, 21-5% d-mannose and 19% d- 
galactose on hydrolysis. 

4. The antigenic complex has also been disso- 
ciated by means of precipitation from weakly 
alkaline solution, yielding a small amount of an 
amphoteric protein, and a non-antigenic ‘unde- 
graded polysaccharide’ which reacts specifically 
with Salmonella typMmurium antiserum to high 
dilutions. This polysaccharide has the power of 
forming complexes with proteins such that the 
protein becomes no longer precipitable by acidic 
protein precipitants. 

The author wishes to thank Prof. Sir Robert Robinson 
for his interest in this work and Imperial Gheniical 
(Pharmaceuticals) Limited for permission to publish this 
account of it. 


ADDENDUM 

Examination in the Ultracentrifuge 

By a. G. OGSTON (with technical assistance by Mbs P. M. Hobsox), 
Department of Biochemistry, Oxford 


Various samples derived from the antigen of 
Salmonella typMmurium were examined in a Sved- 
berg oil -turbine ultracentrifuge, by the ‘diagonal 
schlieren’ method of Philpot [1938]; where it was 
possible, the total refractive increments of the dis- 
solved substances were measured, and the refractive 
increments appearing in different boundaries deter- 
mined by integration of areas in the diagrams 
[Philpot, 1939]. 

(1) ^ Degraded^ polysaccharide : 1 % solution un- 
buffered, in 0-lM NaCl; = 1-25 x lO-^^ is close 
to the value given by Philpot [1942] for the poly- 
saccharide derived from Eberth, typhosa Ty2. The 
form of the sedimentation diagram (Fig. 3) indicates 
fair homogeneity and probably a not very asym- 
metric shape of particle (less so than that of Eberth, 
typhosa polysaccharide) : if we assume a partial 
specific volume of 0-62, this gives a minimum 
molecular weight of 3600. Only 80 % of the total 
refractive increment appears in the boundary, which 
shows that there is some non -sedimenting or highly 
heterogeneous material. 

(2) Undegraded polysaccharide: in 0*01 M 

phosphate buffer, pH 6*8 and 0-2M NaCl: this 

, presents a very different picture. There are at least 
three molecular species present of *^*6 

and 1*72 X lO"^® respectively : the diagram (Fig. 3) 
indicates also some rather heterogeneous, material 
of sedimentation constant greater than 13x 10"^^, 


and possibly a small component of sedimentation 
constant less than 1*72 x lO'”^^. The form of boun- 
dary shown by the component of = 7*6 suggests 
that its particles are asymmetric. The component 
of may be identical with the ‘degraded’ 

polysaccharide. 

(3) In view of the remarkable pow’^er of the imde- 
graded polysaccharide to prevent the precipitation 
of proteins by trichloroacetic acid, a solution of it 
with crystalline horse serum albuinin was compared 
with solutions of the polysaccharide and of albumin 
separately. The solution was 0*5 % with respect to 
polysaccharide, 1% with respect to albumin, in 
0*01 M phosphate buffer pH 6*8 and 0*2M NaCl. 
The .runs were carried out as nearly as possible 
identically with respect to speed, temperature, etc. 
and photographs were taken at corresponding 
times, with identical settings of the optical system 
(Fig. 4). The mixture contains two main com- 
ponents: one, of x 10"^®, comprises 70% 

of the total, has a sedimentation constant signifi- 
cantly lower than that of serum albumin alone 
(4*11 X 10”^®) and the shape of the boimdary sug- 
gests a more asymmetric particle; the other, of 
/S|0 = 5*llx 10”^®, comprises 30% of the total and 
appears to be somewhat heterogeneous. There is no 
sign in the diagram of the mixture of any of the 
components of the polysaccharide, and the results 
provide clear evidence of complex formation be- 
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Fig. 3. (1) degraded polysaccharide: 1%, 20 min. intervals, 1080 r.p.s.; (2) undegraded polysaccharide: 0-5%, 10 min. 
° intervals, 1000 r.p.s.; (3) antigen: 0-5%, 10 min. intervals, 370 r.p.s. 


Fig. 4. (1) undegraded polysaccharide: 0-5%; (2) serum albumin: 1%; (3) undegraded polysaccharide : 0-5 % + serum 
albumin, 1%, 20.min. intervals, 1050 r.p.s. Identical times and optical settings for all three sets of diagrams. 

X=distanoe from centre of rotation; cfr/<to = concentration gradient; A=menisous; F= sedimentation boun- 
dary; 0=index. 
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Table 4. Sedimentation constants of Salmonella typhimuriiim 


tween the protein and all components of the resembles these rather closely, suggesting a similar 

polysaccharide. This is in agreement with the type of combination with protein. Again, the main 

titration data and the prevention of precipitation component (70%) seems to be homogeneous, while 

of the protein by trichloroacetic acid.* " the other (30%) is rather heterogeneous. Only 


Substance 

Degraded polysaccharide 
XJndegraded polysaccharide (0*5 %) 

Serum albumin 

0-5% undegraded polysaccharide + 1 % serum albumin 
Antigen (0-526%) 


Sedimen- 

M 

Fraction 


tation 

(assumed 

of total 

Specific 

constant 

value of V* 

refracting 

refractive 


in brackets) 

material 

increment 

1-25 

3,600 (0-62} 

0-82 

0-0012 

1-72 

5,800 (0-62) 

— ' 

0-0012 

7-60 

54,000 (0-62) 



13-10 

117,000 (0-62) 



4-11 

70,000 

0-73 


3-57 

28,000 (0-71) 

0-60 

. _ 

5-11 

48,000 (0-71) 

0-23 


56-8 

1-5 X 10» (0-68) 

0-31 

0-00115 

79-7 

2-5 X 10® (0-68) 

0-14 



* Partial specific volume. 


(4) The bacterial antigen (Fig. 3) shows two sedi- 
mentation boundaries of S'Jo = 79*7 and 56*8 x 10~^®. 
Although the sedimentation rates are much greater 
than those of the polysaccharide-serum albumin 
mixture, the general character of the components 
* The horse serum albumin was prepared from horse 
in 1938 by the method of Hewitt [1938] somewhat 
modified. It was free from carbohydrate and appeared to 
be homogeneous. It was lyophil dried. In the course of 
five years it seems to have become heterogeneous to some 
extent; the specific refractive increment in the boundary 
is only 0-00136 compared with 0^00185 when it was made. 
The sedimentation constant, of the homogeneous part 
remains unchanged. 


about 50 % of the total refracting material is present 
in these components. There is also a small amount 
of material which sediments very slowly. 

The results are simimarized in Table 4 : column 2 
gives the sedimentation constant in water at 20°; 
column 3 gives estimates of the molecular weights: 
it must be emphasized that these are calculated for 
spherical particles on the basis of the assumed 
values of the partial specific volumes given in 
brackets, and therefore do no more than indicate 
the orders of magnitude ; column 4 gives the fraction 
of total refracting material appearing, in the re- 
spective boundaries. 
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In idiopathic methaemoglobinaemia, of which w'e 
have investigated some cases, the occurrence of an 
atypical form of methaemoglobin abnormally re- 
sistant to reduction has been postulated by Lian, 
Frumusan & Sassier [1939] as an aetiological 
factor. It thus became of interest to examine the 
evidence which has been put forward by Vestling 
[1942] against the unitary view of methaemoglobin. 
This author found that methaemoglobin made from 
haemoglobin by the action of nitrite was much less 
readily reduced by ascorbic acid than methaemo- 
globin formed by the action of ferricyanide, and 
suggested that these two spectroscopically similar 
products [Austin & Drabkin, 1935] differed chemi- 
cally. The reaction is also of interest because it has 
, been applied clinically by Deeny, Murdock & Rogan 
[1943] in the treatment of idiopathic methaemo- 
globinaemia. 

The experiments reported here indicate that there 
is no chemical difference between nitrite- and ferri- 
cyanide -iDrepared methaemoglobin, so far as reduc- 
tion, by ascorbic acid is concerned, and that the 
differences observed by Vestling are due to the 
presence of ferrocyanide. 

METHODS 

Ciystalline horse haemoglobin was prepared following 
Taylor <& Hastings [1939], and was preserved in the ice- 
chest in contact with toluene. Methaemoglobin (MHb) was 
determined by the method, of Evelyn & Malloy [1938], 
using a Hilger Spekker absorptiometer with filter no. 1 
(red), of set H. 455, transmitting light of wave-lengths 
greater than 620 m^. A calibration curve was prepared by 
using known amounts of MHb prepared from haemoglobin 
solutions which had been standardized with the Van Slyke- 
Neill manometric apparatus. 

Determinations of total pigment were made by the 
method of Clegg & King [1942], again using the Spekker 
absorptiometer with filter no. 5 (green), of set H. 455 
(maximal transmission between 500 and 580 m/x), and a 
calibration curve prepared with the aid of the Van Slyke 
apparatus. 

In order to follow the course of the reaction between 
MHb and ascorbic acid, haemoglobin solutions having a 
concentration of about 10 g./lOO ml. were prepared with 
M/20 phosphate buffer, pH 7*4, and partially converted to 
MHb by the addition of either one equivalent of NaHOa 
, or of KgEelCNle. The resultmg solution (2 mi.) was placed 
in the main chambers of a series of Barcroft manometric 
flasks of the usual type. The required amount of Z-ascorbic 
acid (B.D.H. synthetic), dissolved in M/3 phosphate buffer, 
pH 7-4 was contained in Keflin tubes. The manometers 


were filled with a mixture of 20 % CO (prepared from 
formic acid), and 80% Ng. After equilibration by 15 min. 
shaking in the water-bath, the ascorbic acid was added 
from the Keilin tubes and the reaction followed -by the 
uptake of CO by the haemoglobin formed from MHb. At 
the end of an experiment, the final concentration of MHb 
in each flask was estimated with the absorptiometer. 

A few experiments were carried out in the j> 2 ^osence of 
Ng only; Here a modified Thimberg tube was used with a 
tap attached to the bottom, by means of which samples 
of solution could be withdrawn during the course of an 
experiment. The MHb solution was placed in the main 
tube, the ascorbic acid in the side arm, and the vessel 
repeatedly evacuated and refilled with Ng. The solutions 
were then mixed and portions removed at intervals for 
determination of MHb. 


Fig. 1. The effect of ferrocyanide on the reduction of 
nitrite-methaempglobin by ascorbic acid. In all mano- 
meters, 6-6p,mol. methaemoglobin and 6*6/xmoL ascorbic 
acid. K 4 Fe(CN) 6 : A, 13-2/imol.;jS,6-6pmol.;C',3*3/xmoL; 
B, l*7/xmol.; E, O-SpmoL; F, nil. Temp. =28°: Total 
voL in each, 2*2 ml. 

RESULTS 

The effect of ferrocyanide on the rate of reduction 
of nitrite-methaemoglobin. The effect of the addition 
of varying amounts of K 4 Fe(GISr )6 on the reaction 
between nitrite-methaemoglofoin (nitrite-MHb) and 
ascorbic acid is shown in Fig. 1. With the amount 
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of C^O absorbed in the first 5 min. as a measure of 
the velocity of the reaction, it was found that the 
acceleration produced wUkS directly proportional to 
the amount of ferrocyanide added until the level of 
one e€jiii\ralent was reached. ; beyond this point the 
relation does not hold, in part because a 5 min. 
period is too long to give a true measure of the 
initial velocity of the reaction when this is high. It 
will be noticed that in Fig. 1 the amounts of MHb 
present initially are different. When ferrocyanide 
acts upon a solution containing MHb, the formation 
of haemoglobin and ferricyanide takes place imtil 
equilibrium is reached. Since the ferrocyanide was 
added to the MHb solutions before the beginning 
of the experiment, this reaction was largely com- 
pleted during the equilibration period and led to a 
diminished initial MHb concentration in the mano- 
meters containing large amounts of ferrocyanide. 

Gompdrison between ferricyanide-methaemoglohin 
and nitrite-methaemoglobin. The effect of the addi- 
tion of ferrocyanide on the rate of reduction of 
nitrite-MHb made it likely that the observed 
difference between it and ferricyanide-methaemo- 
globin (ferricyanide-MHb) might be due to the 



Fig. 2. Comparison between nitrite-methaemoglobin 
and feiricyanide-methaeniogiobin. In each, manometer 
6'2/xmoL methaemoglobin and 6*2/imol. ascorbic acid. 
Total volume 2*2 ml. Temp. =37®. o Pialyzed ferri- 
cyanide-MHb. A Nitrite-MHb. + Pialyzed ferri- 
cyanide-MHb -f 6*2 /xmol. K4Fe(GN)6. • Nitrite-MHb 
4-6-2^mol. K4Fe(CN)6. 

presence of ferrocyanide formed during the pre- 
paration of the latter. To test this point, a concen- 
trated solution of ferricyanide-MHb was dialyzed 
in a collodion sac against tap water for 24 hr. The 
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resulting solution had a MHb concentration of 
5*2g./100ml.; the rate of reduction by two equi- 
valents of ascorbic acid with and without one 
equivalent of potassium ferrocyanide was compared 
with the rate of reduction of a nitrite-MHb solution 
of equal concentration. The results are shown in 
Fig. 2 and support the view that there is no essential 
difference between the two types of MHb. 

The mechanism of the catalytic action of ferro- 
cyanide on the reduction of methaemoglohm. The most 
obvious suggestion is that the iron in the ferro- 
cyanide acts as a catalyst by being alternately 
oxidized and reduced according to the following 
reactions: 

(MHb) + ferrocyanide -> F e++ (Hb) 4- ferricyanide. 

Ferricyanide + ascorbic acid 

. —> ferrocyanide -f- dehydroascorbic acid. 

In order that the first reaction may proceed from 
left to right, it is a necessary condition that the 
ratio ferri-/ferro- cyanide be such that the e.m.f. of 
the system — -f* 406 mV. [Michaelis, 1933]), shall 
be less positive than that of the system MFIb/Hb 
(Flo= + 140 mV. at pH 7 [Taylor & Hastings, 1939]). 
If equimolecular amounts of MHb and Hb were 
present, fulfilment of this condition would require 
that the ratio ferri-/ferro-oyanide should be less than 
1 : 27,000. This consideration, however, does not rule 
out the possibility of this reaction in the experi- 
ments just quoted, because these were carried out 
in the presence of CO, which, by combining with 
free Hb, so alters the value of the quotient MHb/Hb 
that the effective Eq of the system, as calculated 
from the equilibrium reached in the presence of 
ferrocyanide, becomes about -h 380 mV. It would 
be expected that in the absence of a gas with whiel i 
haemoglobin combines, the catalytic effect of ferro- 
cyanide would be much reduced or would disappear. 
Repetition of the experiments shown in Fig. 2 in an 
atmosphere of Ng led to results which were, within 
experimental error* precisely similar to those ob- 
tained in the presence of CO, suggesting, therefore, 
that ferrocyanide, as such, does not act by being 
alternately oxidized and reduced. The true nature 
of the catalysis remains obscure. 

Catalysis of the reduction of methaemoglobin by 
metals. The existence of ferrocyanide catalysis sug- 
gested that other substances might share this pro- 
perty and it has, in fact, been found that copper 
and iron both exert a considerable effect on the rate 
of reduction. The effect of FeSO^ .(NH4)2S04. GH^O 
and CUSO4 is shown in Table 1. Some part of 
the ‘normal’ reaction between MHb and ascorbic 
acid is probably due to traces of metals present in 
the solutions, for it was found that saturation with 
8-hydroxyquinoline (combining with copper) andaa^- 
dipyridyl (combining with ferrous iron) reduced the 
rate of reduction by some 50 and 20 % respectively. 
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Table 1. Catalysis of the reduction of 
metlimmoglobin by Fe and Cu 

Methaemoglobin 
Metal catalyst reduced in 30 min. 


(fig./ml.) (fimol.) 

None " 3*4 

Fe 25 ' ■ 5*1 

50 5-4 

Cu 25 4-7 

50 O'l 


Methaemoglobin (12-0/Amol. in 2 ml.) + ascorbic acid 
(two equiv.). VoL =2*2 ml,; temp. =28°. The data given 
are the means of duplicate determinations. 

I 

I The mechanism of the reaction between nitrite- 

t methaemoglobin and ascorbic acid. The reaction 

; between MHb and ascorbic acid appears to be 

I satisfactorily described by the equation for a bi- 

I molecular reaction, as shown by the reasonably 

f constant values of k (velocity constant), obtained 

by substitution in the bimolecular formula. Table 2 

5 Table 2. Velocity constant for the reduction of 

I methaemoglobin by ascorbic acid 


Time 

(hr.) 

CO uptake 
(pL) 

k 

0*17 

14 

1*43 

0*50 

34 

1*33 

1*0 

50 

1*15 

1*5 

63 

1*13 

2*0 

73 

M5 


Methaemoglobin (6*0p<moL in 2 ml.) -f ascorbic acid (one 
equiv.). Vol. =2*2 mi.; temp. =37°. 

shows the analysis of one experiment. Determina- 
tion of the order of the reaction by observation of 
the time required to reach 50 % reduction, starting 
with equivalent quantities of reactants at varying 
concentrations, also * supported this conclusion 
(TaMe3). 

Table 3. Inverse proportionality between concentra- 
tion of reactants and time required to reach 50% 
reduction of methaemoglobin 


I Time of 50 % reduction 

. 1 !' ■ ■ ■ ■ ■ ", ■ f-f mi-n \ 


' Initial 

{t, min.) 



[MHb] 

■ ' ' !... — 

r 

' ' " 

Product: 

(g./lOO ml.) 

Individual results 

Mean 

[MHb] X t 

; . 10*0 

50, 50 

53 

530 

; ' 8*4 ‘ 

67, 66, 60 

63 

528 

5*0 

116, 102 

109 

545 

1 

116, 112, 108 

112 
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: The effect of ascorbic acid concentration on the rate 

\ of reduction of methaemoglobin. The initial rate of 

reaction with constant MHb cbncentration should 
! be proportional to the ascorbic acid concentration, 

f An attempt to verify this relation was mad© by 

measuring the gas uptake during the first 10 min. 


of the reaction, with varied amounts of ascorbic 
acid in the presence of twn equivalents of gluta- 
thione, which, w'hil© itself reacting only slowly with 
MHb, maintained the ascorbic acid in the reduced 
form and enabled measurable gas uptakes to be 
obtained with the smaller concentrations of ascorbic 
acid. The results are shown in Table 4. The apparent 


Table 4. Effects of ascorbic acid concentration and 
S-hydroxyquinoline on reduction of methaemoglobin 

fA. CO absorbed in 10 min. 


Ascorbic 

acid 

(pmoL) 

8-Hydroxy- 

quinoline 

absent 



S-Hydrox}^- 

qiiinoline 

present 

Inhibi- 

tion 

{%) 

Gross 

Net 

Gross 

Net 

— 

11 

— 

10 

— 

— ' 

0*8 

31 

20 

16 

0 

70 

1*5 

43 

32 ■ 

20 

10 

69 

3 

54 

43 

25 

15 

65 

6 

73 

62 

36 

26 ■ 

58 

12 

89 

78 

45 

35 ' 

55 


Methaemoglobin ( 12 jumol.) + glutathione (24jamoL). 

VoL =2*2 ml.; temp. =37°. 


velocity with small concentrations of ascorbic acid 
was much in excess of expectation, while the inhi- : 

bition produced by satmation with 8-hydroxy- 
quinoline was more marked in the case of low | 

concentrations of ascorbic acid, suggesting that the i 

reaction usually observed is made up of two com- j 

ponents, the one a direct reaction between ascorbic J 

acid and MHb, the other a reaction catalyzed by [ 

traces of metals in solution, the latter being little 
affected by increase of the ascorbic acid concentra- I 

tion beyond a low limiting value. 

DISCUSSION 

While similar behaviour towards ascorbic acid does 
not necessarily indicate that nitrite -MHb and ferri- 
cyanide-MHb are identical, the present results 
remove the experimental basis for the contrary 
view. 

It may be remarked that Vestiing [1942] found 
an equilibrium was reached betw^-eeii ferricyanide- 
MHb and two equivalents of ascorbic acid when 
83-95% of the MHb had been reduced. In this 
series, of experiments, it has been found that when 
sufiicient time is allowed (24 lu*. at room tempera- 
ture) reduction proceeds so far that the residual 
MHb does not amoxmt to more than 1-2 % of the 
total pigment present. In view of the large differ- 
ence between the potentials of the ascorbic acid 
and MHb/Hb systems in the presence of a gas 
combining with Hb, and the instability of dehydro- 
ascorbic acid, it would appear that the concept of 
an equilibrium must be largely illusory, and that 
Vestling’s results may best be explained by the 
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oecurrciiee of secondary oxidative eiianges (for liis 
experiments were not carried out under anaerobic 
conditions), and by the probability that insuJBacient 
was allowed for the reaction to go nearly to 
completion. - 

Extrapolation from the results obtained in vitro 
suggests that the rate of reduction of methaemo- 
globin, which could be expected with the concen- 
trations of ascorbic acid likely to occur in vivo, 
would be small as compared with the rate of 
reduction of the pigment brought about by 
the enzyinie mechanism of normal erythrocytes 
[Cox & Wendel, 1942]. The clinical use of ascorbic 
acid in the treatment of methaemoglobinaemia 
would thus appear to be limited to cases in 
the normal enzymic mechanism for the re- 
moval of methaemoglobin is absent or has become 
suppressed. 


SUMMARY 

1. It "has been confirmed that ferricyanide- 
methaemoglobin, as ordinarily prepared, is reduced 
more rapidly by ascorbic acid than is nitrite - 
methaemoglobin. 

2. This difference is due to the catalytic effect of 
ferrocyanide on the reduction of methaemoglobin. 
.There is thus no basis for the supposition that this 
effect indicates a chemical difference between the 
two forms of methaemoglobin. 

3. Iron and copper salts produce similar catalytic 
effects. 

4. The reaction between ascorbic acid and 
methaemoglobin is described by the equation for 
a bimolecular reaction. 

The author wishes to thank Prof. D. 0. Harrison for 
much helpful criticism and advice. 


The Assimilation of Glucose and Galactose in the Liver 


By H. W. KOSTEELITZ aistd CABOLINE M. RITCHIE (Carnegie Research Scholar), 

Physiology Department, Marischal College, Aberdeen 


(Received 20 September 1943) 


In this paper an attempt is mad© to examine the 
intermediary metabolism of glucose and galactose 
in the liver of the intact animal. In vitro experi- 
ments [Cori, Cori & Schmidt, 1939; Ostern, Herbert 
& Holmes, 1939] have proved that glucose- 1-phos- 
phate and hexose- 6 -phosphate are intermediaries in 
glucose and glycogen metabolism of the liver, 
galactose- 1 -phosphate and glucose- 1 -phos- 
phate have been foimd in the livers of rabbits 
assimilating galactose [Kosterlitz, 1937 ; 1943 a]. In 
present investigation, in addition to the phos- 
phoric esters, glucose, galactose, and glycogen were 
estimated in the livers of rats at varying intervals 
after ingestion of glucose or galactose. 

METHODS 

General, Male rats from the Rowett Research Institute 
were kept on the sto6k diet. Prior to the experiment they 
were fasted for 24 hr., and then fed by stomach tube with 


either 1*5 ml. of 60 % (w/v) galactose solution/100 g. body 
weight, or with 1-5 ml. of 55% (w/v) glucose solution. 
After 30, 60, 90 or 120 min. the rats were killed by stunning 
and the livers excised. After about 0-5 g. livei; had been 
placed in 30 % KOH for glycogen estimation, the remainder 
was frozen in liquid O2 ; samples of the frozen liver were 
used for the vazious estimations. 

Estimatio7i of glucose and galactose. The HgSO^-BaGO^ 
method of West, Scharles & Peterson [1929] was used for 
the preparation of protein -free filtrates. Absence of traces 
of Ba++ and Hg++ was ensured by the addition of two 
drops of saturated solution of R2SO4 and of a small 
quantity of Zn powder. Glucose and galactose were esti- 
mated in the filtrate by the fermentation method jjre- 
viously described [Kosterlitz, 1937]. 

Estimation of glycogen. O ur micro-adaptation of Pliuger’s 
method was used [Kosteiiitz, 1933], with 30% KOH as 
digestion fluid. 

Estimation of reducing phosphoric este7's, glucose-l-phos- 
phate and galactoseA -phosphate. This method has previously 
been described [Kosterlitz & Ritchie, 1943]. The results are 
given under the following headings : ( 1 ) " Initial reduction 
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LIVER GLUCOSE AND GALACTOSE 


found for .Red. 5 o”/R©d.ioo'’j R6<i*iooVEioo”r 
ticularly Red.govTso^' suggested, however, that be- 
sides glucose- 1 -phosphate an unidentified substance 
was present, which was probably not a phosphoric 
ester. It was about as sensitive to acid hydrolysis 
as galactose- 1 -phosphate and there was no further 
increase in reducing power when the hydrolysis at 
100'^ was extended from 3 to 20 min. 

Some variation was found in the glycogen con- 
tents of the livers. There was, however, a remarkably 
close relationship between the glycogen and glucose 
contents, which varied in the same direction a;nd 
were sometimes almost identical. This phenomenon 
was absent in rats fed either glucose or galactose. 
Similarly, Guest [1941] fomid in fasted but not in 
fed ra,ts that the mean blood sugar concentrations 
were directly proportional to the logarithms of the 
liver glycogen concentrations. 

Rats Jed with glucose (Tables 1 and 2). The glyco- 
gen content of the liver increased with prolongation 
of the period of glucose absorption, but otherwise 


wiiicli is an approximate measure of the redueing phos- 
phoric esters present. Since the nitrogenous esters have 
been removed, this fraction is composed mainly of equi- 
librium ester (glucose- 6 -phosphate and fructose- 6 -phos- 
phate), possibly together with small quantities of pentose- 
XJ>hosphates. If galactose- 6 -phospiiate should be formed, it 
also would contribute to the ‘ initial reduction ’ ; but so far 
there is no evidence that this ester is formed in the liver 
during galactose assimilation. (2) Increase in reducing 
power, calculated as glucose, after 3 min. hydrolysis at 100 ° 
(Red.joo'’) and after 30 min. hydrolysis at 50° (Red.^oo), and 
increase in inorganic P (uncorrected) after 3 min. hydro- 
lysis at 100° (Pioo") and 30 min. hydrolysis at 50° (Pgo'O* 
The values thus obtained are used for characterizing the 
l-esters present: glucose- 1 -phosphate has Red. 50 VKed. 100 o 
“K^oVKioo” ”9*286 and Red.iooo/Piooo = Red.5oVK6o'’=5*81, 
while galactose- 1 -phosphate " has Red.soVKed.ioo** =0*775, 
Kso'/Kioo® ” 0*765, Red.iooVI\oo° " 4*63, and Red.5oVK 50 “ ” 4*70. 

In experiments on the addition of l-esters to CClgCOOH 
extracts of liver only about 80 % of the added material 
was recovered: in this paper no correction has been made 
for this loss of 20 % . 

Significance of results. The statistical methods described 
by Fisher [1941] were used. 


Initial reduction mg. ‘glucose ’/ 1 00 g. liver 


mg. gIycogen /100 


Relationship between glucose and glycogen contents of livers of rats fasted for 24 hr. 

Correlation between glucose and reducing phosphoric ester levels in the divers of rats fed with (a) galactose, and 
glucose. Correlation coefficients: (a) r= ->-0*6926, P<0*01; (b) r— +0*1457, P>0*1. 


the duration of the absorption had no inflnende on 
the results. For the purpose of comparing the re- 
ducing phosphoric ester and glucose- 1 -phosphate 
levels of the glucose -fed rats with those of the fasted 
ones, the results obtained after feeding glucose were 
pooled.' There was a highly significant increase m 
both esters after glucose administration. On the 


RESULTS 

Rats fasted for 24 hr. (Fig. 1 and Table 2). Very 
small quantities of acid -labile phosphoric esters 
appear to be present in the liver. The ratio p 5 oVEioo° 
was 0*225, agreeing approicimatelj^ wdth the value 
calculated for glucose- 1 -phosphate. The high values 

Biochem. 1943, 3,7 
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other hand, no correlation was found between liver 
glucose, glycogen, reducing phosphoric esters and 
glucose- 1 -phosphate. The ratios Red.gf^o/J^^d.iQo^and 
Red./P were somewhat smaller than those in the 
fasted rats but still greater than the values calcu- 
lated for glucose- 1 -phosphate. Similarly the values 
obtained from the differences of the means of the 
glucose-fed and fasted rats were still too high for 
glucose- 1 -phosphate. This may indicate an increase 
in the unknown acid-labile substance already found 
in the livers of fasted animals, but the number of 
observations is too small to make any definite 
statement on this point. 

Bats fed with galactose (Tables 1 and 2; Fig. 2 ). 
There was a gradual increase in the liver galactose 
and glycogen with increased duration of galac- 
tose absorption, which had no other significant in- 
fluence on the results, with the possible exception 
of the 120 min. P values. The glucose levels were 
lower than those in the rats fed glucose. The re- 
ducing phosphoric esters (pooled results on 20 rats) 
were slightly higher in the animals fed galactose 
than in those fed glucose. There was a highly 
significant positive correlation between glucose and 
reducing phosphoric esters which was absent in the 
glucose-fed rats (Fig. 2), The 1 -phosphates were 
considerably higher than in the fasted and the 
glucose -fed animals. Both ratios, Red.gQo/Red.ioo^ 
and P 500 /P 100 "? were near 0 * 6 , a value indicating a 
mixture of approximately 1 part glucose- 1 -phos- 
phate (0*203 mg. P/100 g. liver) and 2 parts galac- 
tose- 1 -phosphate (0*406 mg. P/100 g. liver) [Koster- 
litz & Ritchie, 1943]. The ratios Red./P were too 
high for either glucose- 1 -phosphate or galactose- 1 - 
phosphate. This possibly indicates an increase in 
the miknown acid-labile substance, already noted 
in the case of the glucose -fed animals. If the ratios 
were calculated from v^-alues obtained by deducting 
the means of the values for the fasted rats from 
those for the galactose-fed ones, a small increase of 
the ratios Red.goV^^^d.ioo" Q-Jrd Pso’/^^ioo" found, 
and a decrease of the Red./P ratios. The data thus 
obtained indicated a mixture of approximately 
1 part glucose- 1 -phosphate (0*104mg. P/lOOg. liver) 
and 4 parts galactose- 1 -phosphate (0*416 mg. P/ 
100 g. liver). From these calculations, and the 
values given for the glucose-fed rats (Table 2), one 
may conclude that in the galactose-fed rats 0*41 mg. 
galactose- 1 -phosphate P and 0*2 mg. glucose- 1- 
phosphate P were present in 100 g. liver, and that 
in both glucose-fed and galactose-fed rats the 
same quantity of glucose- 1 -phosphate was formed, 
namely, that corresponding to 0*11 mg. P. This 
conclusion is further supported by the fact that the 
ratios calculated from the differences between the 
mean values for the galactose -fed and those for the 
glucose -fed rats were very close to the ratios calcm, 
lated for galactose- 1 -phosphate: Red. 5 oVI^'®<i*ioo" 


was 0*772 and P-qo/P^qqo 0*758 instead of 0*775 and 
0*765 respectively, and Red.j-Qgo/Pj^QQO 5*31 and 
Red.joo/Pg^jo 5*41 instead of 4*63 and 4*7 respec- 
tively; the P' content was 0*405 mg./lOO g. liver. 

^ DISCUSSION 

Rats assimilating glucose. Besides a deposition of 
glycogen and an increase in glucose, the administra- 
tion of glucose caused an increase in the reducing 
phosphoric ester and glucose- 1 -phosphate levels of 
the liver. This is in agreement with the generally 
accepted theory that glycogen formation from glu- 
cose is preceded by the formation of glucose- 6 - 
phosphate and glucose- 1 -phosphate [Colowick & 
Sutherland, 1942]. Apart from glycogen, no meta- 
bolite accumulated in the liver during the assimila- 
tion of glucose. 

Rats assimilating galactose. The deposition of 
glycogen was much smaller in the galactose-fed 
than in the glucose-fed rats, a fact already fre- 
quently observed [for literature see Deuel, 1936]. 

The glucose content of the liver was higher than 
in the fasted rats but lower than in the glucose-fed 
ones. The rise in liver glucose after galactose 
administration demonstrates the conversion of 
galactose to glucose. Harding, Grant <fe Glaister 
[1934] could find no significant increase in liver 
glucose after the administration of galactose, but 
the quantities given were much smaller than those 
used here. 

Although the experimental evidence available is 
incomplete, it is improbable that the reducing 
phosphoric ester fraction isolated from the liver 
during galactose assimilation contains galactose- 6 - 
phosphate. This fraction has not yet been specially 
examined for the presence or absence of galactose- 6 - 
phosphate; however, prolonged acid hydrolysis did 
not liberate more galactose from the hexosemono- 
phosphate fraction than a brief period of hydrolysis 
which is sufficient to hydrolyze galactose - 1 -phos- 
phate but which hardly affects the difficultly hydro- 
lyzable galactose - 6 -phosphate [Kosterlitz, 1937]. 
Further, Grant [1935] could not find any evidence 
for galactose - 6 -phosphate as an intermediary in the 
fermentation of galactose by galactose-adapted 
yeast. 

The positive correlation between liver glucose 
and reducing phosphoric esters in the galactose-fed 
rats is remarkable, particularly as no such correla- 
tion was found in the glucose -fed animals. In the 
conversion of galactose to glucose, the reducing 
phosphoric esters may play an important role, 
glucose - 6 -phosphate being the most probable pre- 
cursor of glucose. 

Both galactose - 1 -phosphate and glucose- 1 -phos- 
phate were foimd in the livers of rats assimilating 
galactose; this confirms previous findings on the 
rabbit [Kosterlitz, 1937; 1943 a]. Similar quantities 

40-2 
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of glucose- 1 -phosphate were fonued during galae- 
'' tose\ and glucose assimilation, corresponding to 
0-ll mg. P or 0-6 nig. glucose/100 g. of liver. If 
the values for gliieose-l -phosphate found during the 
assimilation of galactose by the rabbit [Kosterlitz^ 
1943 a] are expressed in similar terms, a value of 

0- 16 mg. P/100 g. of liver is obtained. The galactose- 

1 - phosphate content of the rat livers corresponded 
to 0*41 mg. Pot 2*4 mg. galactose/iOO g. and that 
of the rabbit livers to 0*9-2 mg. P or 5-12 mg. 
galactose/ 100 g. No explanation can be offered for 
the difference in reaction of rabbit and rat; the 
quantity of galactose- 1 -phosphate found in the liver 
is possibly related to the galactose tolerance of the 
species, which is very low in the rat, Kjerulf- Jensen 
[1942] determined galactose- 1 -phosphate in the 
livers of rats assimilating galactose; his values were 
much higher than those given in the present paper. 
His method of estimation, however, was not specific 
for hexose- 1 -phosphates ; the acid-labile P was deter- 
mined in tb© fraction of uvater-soluble Ba -salts 
isolated from the liver, without removal of the 
interfering acid-labile P compounds precipitable by 
Hg acetate [Kosterlitz & Ritchie, 1943] ; there was 
no determination of the simultaneous increase in 
reducing power, and no estimation of the rate of 
acid hydrolysis. 

No progressive accumulation of galactose- 1 -phos- 
phate was foimd in the liver during galactose 
assimilation, a fact which makes it improbable that 
the rate of conversion of galactose- 1 -phosphate to 
a yet unknown metabolite is slower than that of 
galactose phosphorylation . Galactose- 1 -phosphate 
is very much more resistant to the enzymes present 
in liver slices, minced liver or aqueous liver extracts 
than glucose- 1 -phosphate [Kosterlitz & Ritchie, 
1941]. Although the presence of galactose- 1 -phos- 
phate, the increases in glucose- 1 -phosphate and 
reducing phosphoric ester levels, and particularly 
the correlation found to exist between reducing 
phosphoric esters and glucose after administration 
of galactose, suggest that all these substances take 
part in the conversion of galactose to glucose in the 
liver, the connecting link between the galactose and 
glucose ^eompoimds is still missing. In an attempt 
to formulate a tentative hypothesis of galactose 


fermentation*[Rosterlitz, 19436], galactose-1 -phos- 
phate was assumed to foe converted to hexose- 6- 
phosphate (Robison ester), probably by way of 
glucose- 1 -phosphate. This hypothesis was mainly 
based en the finding that galactose- 1 -phosphate and 
glucose- 1 -phosphate were fermented at almost iden- 
tical rates by galactose -adapted yeast. Possibly a 
similar process takes place in the liver during 
galactose assimilation, the glucose phosphates then 
forming glycogen and glucose. 

SUMMARY 

L The livers of fasting rats, and of those fed with 
glucose or with galactose, were analyzed for glucose, 
galactose, glycogen, glucose- 1 -phosphate, gaiactose- 
1 -phosphate and reducing phosphoric ester (mainly 
glucose-6-phosphate and fructose-6-phosphate). 

2. In the livers of fasting rats, reducing phos- 
phoric esters and a small quantity of glucose- 1- 

' phosphate (0*09 mg. P/100 g.) w^ere present. Fur- 
ther, there was evidence of the presence of a com- 
pound which was probably not a phosphoric ester 
and which yielded reducing substances on acid 
hydrolysis. In fasted rats, but not in fed ones, there 
was a very close direct relationship between the 
glycogen and glucose contents of the livers ^ 

3 . In the livers of rats fed with glucose there was an 
increase in the reducing phosphoric ester and glucose - 
1 -phosphate ( + 0*11 mg. P/100 g.) levels. 

4. During the assimilation of galactose the livers 
contained galactose -1 -phosphate (0*41 mg. P/lOOg.). 
Glucose- 1 -phosphate vras present in quantities 
similar to those found after glucose administration, 
the ratio, glucose- 1 -phosphate formed to galactose - 
1 -phosphate, being approximately 1/3*5. The livers 
contained less glucose and slightly more reducing 
phosphoric estei's than those of glucose -fed rats. 
There was a high correlation between the glucose 
and reducing, phosphoric ester levels, which was 
absent in glucose-fed animals. The significance of 
these findings for the mechanism of the con\^ersioii 
of galactose to glucose is discussed. 

The expenses of this research were partly defrayed % a 
grant (to H. W. K.) from the Medical Besearch Council 
and a grant from the Boyal Society, to whom gratehd 
acknowledgement is made. 
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As our knowledge of the part played by ascorbic 
acid in the maintenance of the intercellular archi- 
tecture grows [Aschoff & Koch, 1919; Dalldorf, 
1938] and in turn the importance of the latter in 
wound healing [Lxmd <fe Crandon, 1941; Bartlett, 
Jones & Ryan, 1942], the need for a reliable and 
simple assessment of the nutritional status with 
respect to this vitamin is obvious. A diminished 
supply of vitamin C-rich foodstuffs in the war-time 
diet of some adolescents and adults increases the 
urgency. 

Two methods have been widely used: (1) the 
urinary saturation test, and (2) an examination of 
the concentration of ascorbic acid in whole blood, 
white cell-platelet layer or plasma. 

Many of the conflieting reports in the literature 
concerning the urinary saturation test are un- 
doubtedly attributable to the administration of 
widely different dosages of ascorbic acid ranging 
from 50 to 1000 mg. /day, orally or intravenously in 
whole or divided doses and to differences in times 
of collection of urine. Data for normal daily urinary 
excretion of ascorbic acid vary from zero [Roe & 
Hall, 1939] to 40 mg. [Portnoy & Wilkinson, 1938]. 

Whole-blood determinations present some tech- 
nical difficulties which are not easily offset. Haemo- 
lysis causes oxidation of ascorbic acid and inhibition 
of this by saturation with CO leads to indefiniteness 
in the end-point of the titration. Determination of 
the ascorbic acid content of the white cell-platelet 
layer involves a more complex technique and re- 
quires special apparatus which most laboratories 
would not possess. 

It would be of great advantage to replace the 
somewhat laborious and unsatisfactory technique 
of the urinary saturation test, even in its most 
abbreviated form [Harris & Abbasy, 1937], by one 
determination. We have therefore endeavoured to 
establish, whether a single determination of the 
plasma ascorbic acid concentration could be used 
to assay reliably the status of vitamin C nutrition 
of a subject. Opinion as to the value of isolated 
determinations of the plasma ascorbic acid content 
is yqually divided; Portnoy & Wilkinson [1938], 
Ralli & Sherry [1941], and others hold the view that 
it is of value. The first named say that it may prove 
to be better than ‘saturation’ tests, whilst Kellie 
k Zilva [1939], Storvick k Hauck [1942], among 


others, hold the opposite view. Our results indicate 
that the plasma ascorbic acid determination can be 
used to assay the standard of vitamin C nutrition, 
in contrast to the unreliability of observations of 
the so-called ‘resting’ urinary daily output. 

The work here reported on is compiled from data 
obtained from 50 subjects and falls into two cate- 
gories: (a) the correspondence between the results 
of urinary ‘saturation’ tests and those of the deter- 
mination of plasma ascorbic acid content, and 
(6) the assessment of the nutritionar status of the 
subject with respect to ascorbic acid. 

METHODS 

Plasma ascorbic acid. 10 mi. of blood were run into a 
tube containing 0-1 ml. 20% potassium oxalate and 0*05 ml. 
5% KCN, and the whole was mixed and immediately 
centrifuged. To 4 ml. of the plasma, which should show no 
haemolysis, were added 16 ml. of freshly prepared 3% 
HPO3 in glass-distilled water. After centrifugation, 5 ml. 
portions were titrated with 0*01% 2:6-diohlorophenolindo- 
phenol. Ko difficulty was experienced in determining a 
stable end-point if the titration was carried out rapidly, 
and the results were highly reproducible by both of us. 
Visual titration was found to be as accurate as photo- 
electric methods [cf. Mindlin & Butler, 1937-8]. 

Pijoan & Klemperer [1937] added KCN (5 mg.) to inhibit 
oxi4ation of ascorbic acid in freshly dra-wn venous blood. 
Barron, Barron & Klemperer [1936] considered that addi- 
tion of KCN may enhance the ascorbic acid value. Golden 
& Garfinkel [1942], who added ascorbic acid to the plasma, 
confirmed Borsook, Davenport, Jeffreys & Warner [1936-7] 
and Kassan & Roe [1940] in finding that ascorbic acid was 
preserved best in whole blood, especially at low tempera- 
tures of the order of 5-8^^, whereas once the plasma had 
been separated little loss occurred in the first 3 hr. at these 
temperatures, though there was a rapid loss at room tem- 
perature. Our experiments on blood containing a high, 
but physiological, concentration of ascorbic acid, indicate 
that KCN does not enliance the reduction titre under the 
conditions employed, but stabilizes the plasma value. 

Urine ascorbic acid and dehydroascorbic acid. Urine was 
collected in dark-coloured Winchesters containing 70 g. 
HPO3 . 0*05 ml. 0* 10 % 2:6-diohlorophenolindophenol was 
titrated with the urine, the latter diluted with a suitable 
volume of 3% HPO3 if necessary [cf. Harris & Ray, 1935]. 

For dehydroascorbic acid a convenient volume of urine 
was treated with HgS for 30 min. and then with Ng for 
16 min. after all traces of HgvS had been removed as shown 
by lead acetate paper. The resulting solution was used to 
titrate the dye. 
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The flye solutions used for blood and urine determina- 
tions ‘were found to be stable for several weeks in the 
refrigerator if made in Ireslily boiled and cooled glass- 
distilled water* They were standardized in the usual way 
against ascorbic acid which in turn was standardized with 
^ y/lO I 2 solution. 

Dosage and blood sampling. Unless stated to the contrary, 
a standard dose of 700 mg. of ascorbic acid/140 lb, body 
weight was given orally each day. The dose, in 50 mg. 
tablets, was administered as nearly as possible in two equal 
portions, one at the commencement of each 24 hr. collection 
of urine, the other approximately 12 hr. later. Blood 
samples w^ere taken, either at the end of the 24 hr. period 
before the first dose of the subsequent 24 hr., or, if no dose 
was given, 3 hr. after taking food. 

Todhunter, Robbins & McIntosh [1942] showed that 
after ingestion of synthetic ascorbic acid a maximum rise 
occurs in the plasma within 1-1 J hr., which may be delayed 
until 2^ hr, if a natural source of the vitamin, such as 
cauliflower, is employed. Initially high plasma levels 
(0-9 mg./lOO ml.) may be raised above the level for the 
renal threshold by a 400 mg. test dose. The effective rise 
in the plasma level is correspondingly less if a smaller dose 
is ingested, or the initial level is appreciably lower. These 
findings justify our division of the standard dose of 700 mg./ 
140 lb. body weight into two approximately equal parts at 
12-hourly intervals in order to reduce the sudden overflow 
through the kidney to a minimum, an event which is more 
likely to occur the more nearly ‘saturated’ the subject. 

Belser, Hauck & Storvick [1939] and Bincke & Landquist 
[1942] employed a test dose of 400 mg. and Goldsmith & 
ElHnger [1939] 300 mg. In general, a 50% excretion of the 
test dose has been taken as evidence of ‘ saturation ’. Harris 
took as his criterion the first sharp rise in the urinary 
excretion, but later modified this to the excretion of 50 mg. 
or more in the period of 3 hr. commencing 4 hr. after the 
administration of the test dose. Wright, Lilienfeld & 
MacLenathen [1937], to avoid disturbance due to faulty 
absorption, employed a dose of 1000 mg. intravenously, 
‘saturated’ subjects excreting more than 50% in the 
subsequent 5 hr. 

RESULTS 

(a) Urinary and plasma ascorbic acid contents 
during extended saturation tests. Investigations were 
carried out on nine subjects to study the behaviour 
of the plasma ascorbic acid during extended satura- 
tion of the subject with ascorbic acid. All subjects 
took, in addition to the test, dose, the normal 
hospital diet. Evidence is presented elsewhere 
[Prunty & Vass, 1943] that such a diet is poor in 
vitamin C. It was thought necessary to establish 
the fact that the plasma ascorbic acid does not 
refieet the violent fluctuations which are well known 
to occur in the urinary output under these condi- 
tions, and therefore accurately reflects the intake 
of ascorbic acid at these levels. 

Data typical of our results are given in Table 1 
and Pig. 1. The latter brings out the point that the 
plasma ascorbic acid does in fact remain constant 
during prolonged saturation, very marked fluctua- 
tions in the urinary excretion being shown. Table 1 
also indicates the importance of another fact in the 


interpretation of satmution. During the first period 
of saturation, 8-16 June 1942 (saturation being 
demonstrable on the latter date), the rise in the 
daily urinary excretion was relatively slow and no 
point of sharp demarcation was obvious. In this 
case the plasma ascorbic acid at the beginning of 
the test was 0-00 mg./lOO ml., and such a low initial 
level tended to be associated with this phenomenon 
in other cases. A second saturation test carried out 
on the same subject with the plasma level initially 
at 0*26 mg./lOO ml. shows on 15 August 1942 a 
spectacular rise in the excretion of ascorbic acid, 
an event easy of interpretation. Furthermore, on 
attaining saturation some of our subjects did not 
excrete as much as 50% of the test dose at any 
time. Therefore we have arbitrarily defined ‘ satura- 
tion’ as the excretion of 33|-% of the test dose 
based on 700 mg./ 140 lb. body weight, administered 
as outlined above. 


600h’§hl*0 



2 4 6 8 to 12 14 16 18 20 22 24 26 28 30 
November, 1942 

Pig. 1. Saturation test in subject J. Female. Abdominal 

sinuses. • • Plasma ascorbic acid, mg./lOO ml. 

Urine ascorbic acid, mg./24 hr. Urine 

ascorbic acid -f dehydroascorbic acid, mg./24 hr. 

The data given in Fig. I serve to confirm the fact 
that the fluctuations in the tuinary^ excretion of 
ascorbic acid during extended satiuation are not 
due to compensating excretions of dehydroascorbic 
acid. 

(b) The relation of the plasma ascorbic acid to the 
state of saturation^ of the subject and' resting urinary 
excretion of ^ascorbic acid\ The data on this point 
are compiled in part from that given in the last 
section and in part from additional data of which. 
Fig. 2 is illustrative. It sliows the usual saturation 
test carried out in six normal subjects with initial 
plasma levels ranging from 0-31 to 1*46 mg. /1 00 ml. 
The striking correlation between the time of demon- 
stration of saturation and the initial plasma level is 


■ 
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Table 1. Extended ascorbic acid saturation test 
Subject B. Male. Gastric ulcer, partial gastrectomy. Body wt. 1241b. 
Ascorbic acid 




Urinary 

Percentage 

Plasma 


Dose 

excretion 

of dose 

cone. 

Date 

(mg./day) 

(mg./day) 

excreted 

(mg./l 00 ml.) 

5. vi. 42 

— 

— 

— 

0*00 

6. vi. 42 

— 

16 




8. vi. 42 

600 

12 

2 



9. vi. 42 

600 

11 

2 

0-55 

10. vi. 42 

600 

18 

3 


11. vi. 42 

600 

17 

3 


12. vi. 42 

600 

85 

14 



13. vi. 42 

600 

118 

20 

1-54 

14. vi. 42 

600 





15. vi. 42 

600 

186 

31 



16. vi. 42 

600 

248 

41 



17. vi. 42 

600 

268 

45 

__ 

18. vi. 42 

600 

356 

60 



19. vi. 42 

600 

269 

45 

1-99 

20. vi: 42 

600 

329 

55 


21. vi. 42 

600 







22. vi. 42 

600 

244 

41 



23. vi. 42 

600 

348 

58 



24. vi. 42 

600 

188 

31 

1-94 

25. vi. 42 

600 

267 

45 


26. vi. 42 

600 

244 

41 



27. vi. 42 

600 

257 

43 



28. vi. 42 

300 






29. vi. 42 ‘ 

300 

103 

34 



30. vi. 42 

300 

186 

62 

1-36 

1. vii. 42 

300 

88 

29 


2. vii. 42 

300 

129 

43 



3. vii. 42 

300 

134 

45 



4. vii. 42 

300 

48 

16 



5, vii. 42 

300 



_ 



6. vii. 42 

300" 

106 

35 

1*29 

7. vii. 42 

300 

95 

32 

■ 

8. vii. 42 

50 






to 

50 




17. vii. 42 

50 





1*26 

to 

50 


% 


23. vii. 42 

50 

18 

36 



24. vii. 42 

50 

15 

30 



25. vii. 42 

50 

12 

24 

0*90 

27. vii. 42 

— 



■ 


30. vii. 42 

50 

20 

40 



to 

50 




10. viii. 42 

50 

10 

20 



11. viii. 42 

50 

10 

20 

0-26 

12. viii. 42 

50 

18 

3 



13. viii. 42 

600 

33 

6 

. 

14. viii. 42 

600 

70 

12 

: 

15. viii. 42 

600 

421 

70 


16. viii. 42 

600 

460 

77 



17. viii. 42 

600 

— » 


■ 

to 

100 




6. X. 42:, ' 

100 


___ ' 

0-62 


Average 
urinary cone, 
over 24 hr. 


Remarks , 

Confined to bed 

Medical treatment for gastric ulcer 


Got up 


Operation 


self-evident. Subject L., with a plasma ascorbic 
acid of 0-31 mg. /1 00 ml,, required 2 days to become 
saturated, whilst subject V. showed this in one day, 
the plasma level being initially 0*80 mg./lOO ml. 

Initial plasma ascorbic acid levels and the corre- 
sponding urinary ascorbic acid excretions before 
saturation with large doses of ascorbic acid, the 
dosage required to bring to a ‘state of saturation’. 


and the corresponding days required to demonstrate 
saturation are given in Table 2. 

Fig. 3 shows the dose required to bring the 
subject to a ‘state of saturation’, and the initial 
plasma level. This dose was computed by deter- 
mining the doses necessary to produce an excretion 
of one-third of the test dose (700 mg./140 lb. body 
weight) in 24 hr. If on a given day the excretion 
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was less than one-third and on the succeeding day 
the excretion was greater than one-third, the figure 
was obtained by interpolation. From the total dose 


fcC 600 h-iH*(> 


0 1 rr. rr. ug-dd — m — u-u- oay. 

g M . F T P Subject 

16 i 168 161 168 154 143 Woiglu. U*. 

Fig. 2. Plasma level of six normal subjects before and 
after urinary saturation test. - - - -• Plasma ascorbic 
acid, mg./lOO ml. — Urinary ascorbic acid, mg./24hr. 

are deducted 700 mg., which represent the single test 
per 140 Z6. body weight necessary to demonstrate 
saturation'' in a subject who has reached a ^ state of 
saturation \ The point at which the curve crosses the 

Table 2. Initial plasma concentration and daily 
urinary excretion of ascorbic acid compared with 
total dosage mg. 114,0 lb. body weight, and number of 
days required to bring subjects to a state of satura- 
tion 


Ascorbic acid 


- Initial Initial 

plasma urinary 

cone. excretion 

Subject (mg./lOOml.) (mg./day) 


Dosage (mg,) 
required to 
bring to 
saturation 

ievel/140 lb. Days to 
body wt. saturate 


ordinate therefore represents the plasma concentra- 
tion at the ‘satimated state’ corresponding to 
. 0*8 mg./lOO ml. Thus if the plasma ascorbic acid 
concentration of the subject, whose saturation is 
being investigated, is 0*8 mg./lOO ml., administra- 
tion of the test dose results in the excretion of 
one -third of the test dose. The plasma level reaches 
or even exceeds the renal threshold, placed by Ralli, 
Friedman & Sherry [1939] at 1 •2-1*4 mg./lOO ml. 


Saturation plasma love! 0*8mg./i00tnl. 


* A ease of clinical scurvy. 


Dose to bring to saturation level, 
mg./ 140 lb. body wt. 

Pig. 3. Initial plasma ascorbic acid concentration against 

dose to bring to saturation level, with large doses. 

(700 mg./140 lb. body wt.) 

The curve indicates that the relationship between 
the two variables is not linear, a point that may 
partially account for the divergence of opinion in 
the literatxue as to the validity of ‘resting’ plasma 
ascorbic acid concentration as an index of vitamin C 
nutrition. It must be noted that the only marked 
deviation from the curve is that of case Co., a child 
aged 7 years, whereas the other points given are all 
for adults. The point B. was obtained in the second 
saturation test (Table 1). The point D. relates to a 
case of scurvy [Primty & Vass, 1943]. 

In spite of the presence of ■uiilmown interfering 
substances, several authorities regard the titre of 
the ‘resting urine’ as significant an index as tiie 
‘saturation ’ test itself [Harris, Abbasy, Yiidkin & 
Kelly, 1936; Portnoy & Wilkinson, 1938]. The 
former stated that ‘as under ordinary- circumstances 
the response to a test dose is proportional to the 
resting level, a measurement of tlie Idtter alone is 
sufficient for most routine tests of the kind liere 
described’. If in an adult 13-8 mg. ascorbic acid 
are excreted each day, a gotxi response to the test 
dose of 700 mg./140 lb. body u'eight is obtained on 
the first or second day. Table 2 shows that the 
‘resting’ urinary excretion affords little evidence of 
the status of the vitamin C nutrition of any subject. 
D., who was clinically frankly scorbutic, excreted 
as much as the ecpii valent of IS mg. /day of ascorbic 
acid, whilst S. and B., who showed no such signs. 
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; both, requiring at least 6 days to become saturated, 

I excreted much more than this in the ‘resting urine ’ 

I (see Table 2). 

J (c) Comparison of the ascorbic acid intake with the 

maintenance of a known pkmna ascorbic acid concen- 
tration, During the course of this work it was 
possible to maintain only relatively few'sqbjects on 
controlled intakes of ascorbic acid for prolonged 
periods during which observations of the plasma 
I ascorbic acid concentration were made. A summary 

I . of the results obtained is presented in Table 3. In 
many cases the greater part of the ascorbic acid 
ingested w;as the synthetic product; the remainder 
: of the intake was estimated from a dietetic history 

I [cf. Harris & Olliver, 1943]. The figiues fall into 

' two groups, those obtained when the plasma level 

I prior to the period of knovm intake was lower than 

the final level and vice versa. 


shows that these fluctuations are not due to any 
interchange between these substances, which is in 
agreement with the findings of Johnson & Zilva 
[1934]. Examination of the two saturation tests in 
subject B. (Table 1) shows the differing urinary 
excretion responses which are met with in markedly 
unsaturated subjects (saturation not reached until 
the sixth day or later) compared with less mi- 
saturated subjects (saturation reached by the fourth 
day) and illustrates the difficulty, in the earliest 
urinary saturation test, of noting the first sharp 
urinary response as an index of the achievement 
of saturation. 

The data given in Table 2 and Fig. 3 establish the 
fact that the initial plasma ascorbic acid concen- 
tration is related to the dose of ascorbic acid re- 
quired to bring the body to a ‘state of saturation’, 
which is attained when the plasma ascorbic acid 


Table 3. The relation betiveen ascorbic acid ingested and the plasma ascorbic acid concentration 
Ascorbic acid 



Initial 


r 

plasma 

Daily 


cone. 

dose 

Subject 

(mg./lOOml.) 

(mg.) 

^ ' ■ P. 

0-15 

300 

J a. ■ 

— 

150 

De. 

0’67 

200 

Be. 

' 

100 

0. 

J. 

„ — , 

50 


r 


B. 

— 

100 

B. 

0-90 

50 

B. 

1-29 

50 

B. 

1*26 

50 

Cb. 

2*17 

. 50 

Da. 

1-24 

50 

Pr. 

1-52 

50 

Pr. 

— 


Pr. 

0-86 

— ' 

Pr. 

.0-58 



Estimated 

Total 

Final 


dietary 

daily 

plasma 

Duration 

intake 

intake 

cone. 

of exp. 

(mg./day) 

(mg-) 

(mg./lOOml.) 

(days) 

A. Plasma concentration previously lower 

50 

350 

1*52 

88 

70 

220 

1*26 

1000 

20 

220 

1*02 

6 

20 

120 

0*67 

7 

50 

100 

0*33 

7 

70 

70 

0-26 

28 

B. Plasma concentration previously higher 

50 

150 

0-62 

52 

20 

70 

0*26 

38 

20 

70 

1-26 

9 

20 

70 

0*90 

21 

20 

70 

1*31 

8 

20 

70 

1*06 

6 

100 

150 

1*46 

17 

75 

75 

0*86 

26 

50 

50 

0*58 

23 

50 

50 

0*41 

23 


Remarks 


Received 75 mg./day for 14 days, 
3 weeks prior to this 


Two oranges daily 


Saturated 52 days before 
Dose omitted for 3 days after partial 
gastrectomy, 3 days after plasma 
value was 0- 90 mg./ 1 00 ml. 


Saturated 8 days before 
Saturated 6 days before 

Saturated 26 days before 


DISCUSSION 

I 

^ Our results show that the marked urinary fluctua- 

, tions met with in the ‘saturation’ test are not 

I mirrored in the plasma level. This supports the idea 

I that the ‘saturated state’ is maintained and em- 

f phasizes the reliability of the plasma ascorbic acid 

[' content as an index of this state. Indeed, Harris 

f [1942], in answer to his critics, considers that these 

I fluctuations do not in 'any way invalidate the satur- 

! ation test. An examination of the urinary excre- 

tion of dehydroascorbie acid and'* ascorbic ‘ acid 


reaches 0*8 mg./lOO ml. Harris [1942] stated that 
the necessity of maintaining a state of saturation 
for optimum nutrition is not established. Rail! & 
Sherry [1941, p. 290] maintained that in a ‘normal’ 
adult the optimal requirement of vitamin C was 
100 mg. daily, ‘this being the smallest daily dose 
on which saturation of the body tissues was attained 
and maintained’. These authors have endeavoured 
to assess the standard of nutrition in regard to 
vitamin C by examining the urinary excretion after 
administration of 100 mg. of the vitamin intra- 
venously. Although they state that in normal (i.e. 
presumably saturated) subjects 50 % of the injected 



vitamin is excreted within 3 hr., 8 out' of 12 of their 
normal subjects failed to satisfy this criterion. 

It is widely accepted that the dosage of ascorbic 
acid required to saturate the subject is a measure 
of the depletion of the available vitamin C reserves 
of the body, even though these may be small. It 
therefore follows from Fig. 3 that the lower the 
initial plasma ascorbic acid concentration the 
greater the degree of depletion of the available 
reserves of the body. 

‘ A summary of some of the ‘normal’ values for 
the ascorbic acid content of plasma which are to be 
found in the literature is tabulated below ; this 
range is so great that it is of little clinical value. 

Normal plasma values of ascorbic acid, mg. j 100 ml. 

Secher [1942] Down to 0 

Wright, Lilienfeld & MacLenathen [1937] 0-27--1-54 

Croft «& Snorf [1939] 0*4 

IngaUs [1937] 0*5 ~2*0 

Butler k Cushman [1940] 0*6 

Portnoy & Wilkinson [1938] 0*6 -1*85 

Abt & Farmer [1938] 0*7 -2*0 

Fincke & Landquist [1942] 0*8 

Abt, Farmer & Epstein [1936] 0*8vpwards 

It is obvious from Fig. 3 that a plasma ascorbic 
acid value greater than 0*8 mg. /1 00 ml. denotes an 
of ascorbic acid more than sufficient to 
the body’s requirements and that at values 
at or near zero the ascorbic acid intake is grossly 
inadequate. This is borne out by the fact that 
scurvy does occur when the dosage requirement to 
bring to saturation is less than that of non-scorbutic 
subjects (see D., Fig. 3). 

Examination of this curve reveals that the maxi- 
mum change in the dosage of ascorbic acid required 
to produce a ‘state of saturation ’ at a given plasma 
level occurs at a value slightly less than 0*4 mg./ 
100 ml. plasma. In view of these facts it is clear 
that a plasma value of not less than 0-4 mg./lOO mi. 
is compatible wth a desirable standard of nutrition 
with respect to the vitamin. When the initial plasma 
ascorbic acid concentration is 0*4 mg./lOO ml., 
mg, of ascorbic acid per 140 lb. of body weight 
will bring the subject to a ‘state of saturation’ 
which can be demonstrated by the ingestion of a 
further 700 mg. of ascorbic acid. This is equivalent 
a good saturation response in 2 days with the 
saturation test of Harris [1943], who stsftes 
that ‘the number of days beyond the second may 
be taken as an index of the relative deficit in the 
intake’. 

The data presented in Table 3, although deficient in 
evidence relating to plasma ascorbic acid levels below 
0*26 mg./l 00 ml., explain certain discrepancies met in the 
literature. Whereas Bryan, Turner, Huenemann & Lotwin 
[1941] and Balli & Sherry [1941] found that a daily intake 
of 100 mg. of ascorbic acid stabilized the plasma level at 
approximately 1 mg./l 00 ml., our results suggest that a 


daily intake of at least 100 mg. is required to attain a 
‘state of saturation’ with a plasma ascorbic acid content 
of 0*8 mg./lOO ml. Our results also show that if the subject 
has previously been on a higher intake of ascorbic acid 
and reverts to a lower one, the plasma ascorbic acid tends 
to remain at a higher level than that reached when the 
procedure is reversed, unless a considerable period on the 
lower intake is maintained (probably at least 30 days). 
For example, after 21 days on an intake of 70 mg. ascorbic 
acid daily (subject B), where the initial plasma level was 
1*26 mg./lOO ml., the plasma level only fell to 0*90 mg./ 
100 ml. This intake, continued for a total of 38 days, gave 
a final plasma level of 0*26 mg./lOO ml. Subject J., on the 
other hand, 'who had been receiving the equivalent of 
70 mg. daily, had a plasma content of 0*26 mg./lOO ml. 
after 28 days, the dietetic history indicating that the initial 
plasma level was below that at the end of the test period. 

Gothlin [1934], on the basis of his capillary fragility test, 
suggested at least 19-27 mg. of ascorbic acid daily were 
necessary to prevent scurvy in the adult. Fox, Dangerfield, 
Gottlich, Jokl & Suzman [1940] showed that a daily intake 
of 15-25 mg. of ascorbic acid did not prevent scurvy in a 
group of Witwatersrand miners. By contrast, Kellie & 
Zilva [1939] estimated that daily doses of 15 mg. ascorbic 
acid would suffice to prevent scurvy and maintain good 
health. They endeavoured to ascertain the minimum daily 
dose required to maintain ‘saturation’ and considered this 
to be achieved when, on a given dose, the ascorbic acid 
voided in the urine became constant from day to day. 
Having regard to the overlapping of an increased or de- 
creased daily excretion as the dosage was stepped up or 
down, they studied the level of excretion reached on 
ascending from a state of ‘unsaturation’ and vice versa, 
with daily doses of 30, 50 and 100 mg. As a result they 
stated that ‘it may be assumed that the minimum dose 
necessary to bring about “saturation” lies between 30 
and 50 mg. /day, probably nearer the former figure’. Their 
interpretation of the results obtained on A.E.K. do not 
agree with our results on subject B., Table 1, who on 
23-25 July 1942 inclusive was excreting diminishing 
amounts of ascorbic acid in the urine in spite of the fact 
that the plasma level at the time 'was 0*9 mg./l 00 ml. and 
that B. had been receiving at least 50 mg. ascorbic acid 
pet day for 16 days following a period of ‘saturation’. 
Moreover, the high plasma levels observed in A.E.K. on a 
continually falling dose agree with our findings in Table 3. 
Balli & Sheny [1941] have determined the plasma ascorbic 
- acid values 'when the subject was on a known intake of 
vitamin C. With a daily intake of 50 mg., the plasma 
concentration varied from 0*28 to 0*30 mg./lOO mi. when 
the initial and final plasma concentrations were not apx>re- 
ciably different. When the initial values were 0*97 and 
1*45 mg./lOO ml. the final values were 0*80 and 0*6() mg./ 
100 ml. (cf, Pr., Table 3, initial value 0*86 mg. 100 ml., 
daily dose 50 mg., value in 23 days 0*58 mg./lOO ml., after 
46 days 0*41 mg./lOO ml.). 

On 75 mg. daily intake, when the initial values were 0*3, 
the final values were 0*5 and 0*7 mg. /1 00 ml.; when the 
initial value was TIO mg. .'100 ml., the final value was 
0*8 mg./lOO ml. On 100 mg. daily intake the initial values 
given are 0*2, 0*5, 0*7, 0*8, 1*25 and the respective final 
values, 1*07, 1*2, 1*2, 1*12, 1*05 mg./lOO ml These authors 
computed the daily requirement for an optimal nutrition 
at 100 mg. of ascorbic acid per day in the adult, by deter- 
mining the amount retained on a known daily intake, a 
hazardous procedure in our opinion, in view of the marked 
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urinary fluctuations they also observed and by reason of 
the fact that it is not yet possible to determine quantita- 
tively all the metabolic products of ascorbic acid, other 
than dehydroascorbic acid, which may be eliminated in the 
urine. Their results also show, as we have observed, that 
during prolonged saturation the urinary ascorbic acid con- 
tent tends to fall to a lower value than that initially ob- 
tained, which is a further possible source of error in the 
computation of the ascorbic acid retention. 

The most widely accepted figures of the daily 
requirements for vitamin C in this country and in 
America are respectively those of The Technical 
Commission of The League of Nations, Geneva 
[Bigwood, 1939] (30 mg, /day) and The Committee 
on Food and Nutrition, National Research Council 
(U.S.A.) [1941] (75 mg./day). Whilst our evidence 
presented in Table 3 is insufficient a basis on which 
to dogmatize, it does suggest that at least 70 mg. 
of ascorbic acid daily are required for a plasma 
level of the order of 0*4 mg./lOO ml. This con- 
clusion, with that of Raili & Sherry [1941] quoted 
above, together with the confirmatory observations 
of Bryan et al. [1941] that an intake of approxi- 
mately 70 mg./day maintained a plasma level of 
0-6 mg./ 100 ml., suggests that at least 60 mg./day 
are required to maintain a plasma level of as much 


as 0-4 mg./ 100 ml. This is in agreement with the 
view of Bacharach & Drummond [ 1940 ] , and the 
Committee on Food and Nutrition (U.S.il.) quoted 
a;bove, that the requirement of ascorbic acid is 
75 mg./day, and that a well-balanced diet should 
contain this amount. 

SIJAIMARY 

1. The plasma ascorbic acid concentration is in 
man an index of the nutritional state with respect 
to vitamin C, unless, within the previous 30 days, the 
subject has been on an appreciably higher intake 
of ascorbic acid than he is receiving at the time of 
the test. For clinical purposes this determination 
is more easily carried out than a urinary saturation 
test. 

2. A plasma ascorbic acid level of O'S mg./lOO ml. 
represents a ‘state of saturation’. 

3. Evidence is presented for the desirability of 
a plasma ascorbic acid concentration of not less 
than 0-4 mg./ 100 ml. 

Our thanks are due to the physicians of St Thomas’s 
Hospital for access to their cases and to the Nursing Staff 
and subjects for their excellent co-operation. 
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A Critical Examination of Lugg’s Method for 
the Determination of /-Ascorbic Acid 

By G. a. snow and S. S. ZILVA (Member of the Scientific Staff, Medical Research Council), 
Division of Nutrition, Lister Institute, London 

{Beceived 2^ August 1^4:Z) 


Recently Lugg [1942 a, 6] has described a procedure 
designed to increase the specificity of the determina- 
tion of ^ascorbic acid by mdophenol titration. The 
method is based on the differential rates of com- 
bination of ^-ascorbic acid and some other indo- 
phenol-reducing substances with HCHO at pH 1*5 
and at 3*5. After reaction with HCHO these sub- 
stances no longer reduce the indicator. In order to 
ascertain the limitations of this method, Lugg’s 
results have been submitted to a critical examina- 
tion. In addition we record very briefly some ex- 
periments from an investigation which w;as in 
progress when Lugg’s paper appeared. These were 
also intended to serve as a basis for a more specific 
determination of Z -ascorbic acid and were concerned 
with the differential properties of the primary 
oxidation products of Z-ascorbic acid, reductone and 
reductic acid. Although the results obtained were 
less satisfactory than Lugg’s, they were not without 
certain interest. 

METHODS 

In our investigation we have introduced a few minor modifi- 
cations which in no way interfered with the general principle 
' enunciated by Lugg. Instead of metaphosphoric acid we 
employed trichloroacetic acid (final concentration in extract 
2*5 %). As all our experiments were performed on solutions 
of pure compounds, the buffers employed were chosen to 
represent the concentrations of trichloroacetate and citrate 
which would be present in an extract adjusted to the 
requisite p H in the course of a determination by the HCHO 
technique. Also, in carrying out the indophenol titrations, 
we did not find it necessary to use the ‘drop persistence’ 
technique of Lugg. After the direct addition of the indi- 
cator the usual correction was made for the amount of dye 
required to produce the tint observed at the end-point. 

Reagents 

Formaldehyde — ^the solutions of formaldehyde were pre- 
pared from the Analar reagent by neutralizing the HCl 
present with NaOH, and diluting with water. The exact 
concentration was determined by a procedure based on 
Seyewitz & Gibello’s method [1904], or by oxidation with 
H 2 C 2 and titration of the acid formed. 

Ascorbic mid, d^glucoascorhic acid and reductic acid—- 
see Snow & Zilva [1941]. 

Reductone and dihydroxymaleic acid — ^see Snow & Zilva 
[1938]. 

d'Arahoascorhic acid — kindly presented by Prof. E. L. 
Hirst. Brownish white crystalline powder. Purity 89% 
by indophenol titration. 


Q-Desoxyl-ascorUc acid — ^Itindly presented by Prof. 
T. Reichstein. Pure white crystals. Purity 100% by 
titration. 

Q-TrityH-ascofhic acid — prepared by the method of 
Vargha [1933]. The product prej^ared by us ivas similar in 
characteristics to that obtained by Vargha but its purity 
as determined by indophenol titration was only 70% . 

^:Q-Isopropylene-l-ascorhic acid — ^prepared by Vargha’s 
method [1932]. Crude product recrystallized four times 
from acetone. Pure white; m.p, 208° (decomp.). Unlike 
Vargha, we found that this compound was not readily 
hydrolyzed in water. Vargha based his conclusion on the 
fact that in aqueous solution the molecular rotation of the 
isopropylene compound was identical with that of ascorbic 
acid. We also found these values to be similar but further 
work showed that -this agreement was fortuitous. Thus 
when aqueous solutions were diluted with four volumes of 
ethanol the rotations of ascorbic acid and its acetone de- 
rivative were markedly different. It is seen (Table 1) that 

Table 1. Optical rotation of oiQ-isopropyleneA- 
ascorbic acid in aqueous and in alcoholic solutions 

(All measurements were made at 21° with light of wave- 
length 546 m/A.) 


Solvent 

Water 

80% 


Time before 
addition of 
alcohol to 
aqueous 
solution 
(hr.) ( 


Z- Ascorbic acid 


5:6-Isopropylene- 
Z-ascorbic acid 


Concen- 

tration 

(g./lOO ml.) 
1-33 
0-27 


Conoen- 

tration 

[a] (g./lOO mi.) 
25° 1*63 

52° 0*33 

— 0*33 

™ 0-33 


even after 7 hr. the change in rotation of the latter was so 
small that it was probably within the limits of the experi-, 
mental error. The action of ECHO upon this compound 
could therefore be studied without any serious interference 
due to hydrolysis. 

Buffer solutions, 

Vol, used to prepare 
* buffers of j)H 


10% CCI 3 .COOH solution 

Citric acid (Analar) 

ION NaOH (Analar) 
Water to 


1 - 5 ' 
500 ml. 
,24*7,g: 
22*6 nil. 
1 1 . 


3*5 

500 ml 
,,,62-5,g.:, 
50*8 ml. 
1 I 


The pH ot each solution was checked electrometrically 
after addition of 27*5 ml. water and 5 mi. 6M ECHO solxi- 
tion/25 ml. buffer solution. If necessary, small additions 
of HCl or NaOH were made to the stock solutions to bring 
the pH after dilution to exactly 1*50 or 3-50. 



Procedure, 25 ml. buffer solution and 30 mi. HCHO 
solution of the requisite concentration, contained in a 
100 ml. flask, were placed in a thermostat and allowed to 
attain the temperature of the bath. As a precaution 
against atmospheric oxidation a current of Og-free ISTg was 
passed through the reaction mixture during the experiment. 
An aqueous solution of ascorbic acid or other reducing 
compound (2-5 ml.) was added to make the initial concen- 
tration in every case 0*46 mM. Samples of the mixture 
were then withdrawn at intervals, acidified with HCl to 
arrest further reaction, and titrated with 2:6-dichloro- 
phenolindophenoi. The initial titration value of the re- 
ducing compound Avas determined separately. The results 
given are in every case the mean of at least two experiments 
and are expressed as percentages of the original concentra- 
tion of the reactant. 

Special modifications of this procedure w^ere found neces- 
sary in the case of certain of the reducing substances 
employed. The estimation of reductone by direct titration 
is unsatisfactory because the rate of reduction of indophenol 
is too slow for the end-point to be easily observed. The 
reductone solutions were therefore added to an excess of 
arcidified indophenol solution, allowed to stand for 1 min. 
and back-titrated with ascorbic acid solution stabilized with 
KCISl’, NaCl and acid. This method, although not entirely 
satisfactory in the presence of large concentrations of HCHO, 
was definitely preferable to the direct titration procedure. 

Dihydroxymaleic acid in aqueous solution loses its re- 
ducing capacity on standing. In order to avoid this it was 
dissolved in absolute ethanol before addition to the buffer- 
HCHO mixture. It was also necessary to dissolve 6-trityl 
ascorbic acid in ethanol, owing touts low solubility in w’-ater. 

In the case of alloxantin special precautions had to be 
taken to avoid oxidation by atmospheric O 2 . Water and 
buffer solutions were boiled and cooled in a stream of Ng 
and the reaction was conducted under strictly anaerobic 
conditions. 

RESULTS 

The hinetics of the reaction between formaldehyde 
and l-ascorhic add 

The reaction was studied over a range of tempera- 
tures and HCHO concentrations. It has been 
deduced from the data (Table 2) that the reaction 
is reversible and proceeds according to the equation 
AL -f- E ^ AF {A = ascorbic acid, F = HCHO, and 
ALE = the complex formed from equimolecular pro- 
portions of the reactants). The forward reaction 
here is bimolecular and the opposing reaction uni- 
molecular. Owing, however, to the high concentra- 
tion of HCHO relative to that of the ascorbic acid 
present (23 molar equivalents at the lowest concen- 
tration used), the concentration of the former 
reactant may be considered constant, and the 
forward reaction therefore behaves as a reaction of 
the first order, with ^ 

From this may be deduced 


t x.~~x 


[a = initial concentration of ascorbic acid ; x = amount 
combined in time t; = amount of ascorbic acid 
combined at equilibrium; = velocity constant of 
forward bimolecular reaction ; = velocity constant 
of opposing miirnolecular reaction; and [E] = con- 
centration of HCHO). From the equilibrium: equa- 
tion the equilibrium constant (K) is obtained as 
follows : 

[Aim K 

From the experimental results, values for K and 

[E] -1-7^2 could be derived, and hence the con- 
stants k-j^ and could be calculated. 

It -will be seen from Table 2 that the figures for 
K and k^ at a given temperature were constant 
within the limits of the experimental error, except 
for a slight deviation at the highest HCHO concen- 
tration at 30°; all values of K for the highest 
HCHO concentrations, however, must be regarded 
as somewhat um*eliable owing to the smallness of 
the titration values from which they were derived. 
The general constancy of JT and demonstrates 
that the reaction follows the postulated course over 
a considerable range of HCHO concentrations. An 
independent cheek was provided by plotting the 
values of [E] -4- ^2 against the HCHO concentra- 
tion in the case of experiments carried out at 30*3°. 
The points lay along a straight line intersecting the 
axis at a point representing the value of k^* The 
figure obtained in this way was 0*03, which was in 
good agreement wfith the value of 0*028 calculated 
from the equilibrium constant. 

The variation of the velocity constants with 
temperature agreed with Lugg’s results. At a 
HCHO concentration of 0-526AI, ^ 25 "/^i 5 " = 

(^ = ^1 [E]-f^ 2 )* corresponding figure was 

3-0. In the presence of this large excess of HCHO, 
^2 was almost negligible and values of 

log (iLq [E]-f /Cg) 

plotted against the reciprocal of the absolute tem- 
perature were found to lie on a straight line (Fig. 1), 
The same diagram also shows a similar reptilinear 
relationship when k<^ and K are plotted against 
IjT. The change in the equilibrium constant is of 
practical significance wdien the method is used 
under extreme conditions of temperature. The error 
introduced by temperature changes is much more 
serious at low HCHO concentrations, and it is 
probable that Lugg’s faikue to detect the variation 
was due to the high HCHO concentration present 
in his experiments. 

Lugg’s method is based on the fact that 
velocity of combination of HCHO with ascorbic 
acid is much lower at pH 1*5 than at 
studying the course of the 
the early stages were 
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the considerable time required to attain equilibrium. 
It followed that, at the high concentration of HCHO 
employed in all the experiments, the quantity of 


lITxlO^ : 

Fig. 1. Reaction between ascorbic acid and formaldehyde. 
Variation of equilibrium and velocity constants with 
temperature. (The data were derived from those given 
in Tables 2 and 3.) T = absolute temp. Curve A : pH, 1-5. 
4 +log(/q [F] + 7 ^ 2 ). Curve R: pH, 3-5. 2 -hlog [F] 4 - 12 )- 
Curved: pH, 3-5. 2+loghi, Curved): pH, 3-5. i+logT^g. 
Curve F: pH, 3*5. log K (equilibrium constant). 

ascorbic acid combined at equilibrium could be 
assumed to be 100%, without the introduction of 
a serious error. The calculation was further simpli- 
fied by neglecting dig, which is very small under 
these conditions, and by accepting the expression 
ki [F] + ^2 velocity constant (k) of a first 


order reaction. The validity of these simplifications 
was demonstrated in the case of the experiments at 
30°, where measurements were contmued almost to 
the point of equilibrium. It will be seen (Table 3) 
that the amomit of ascorbic acid remaining was 
even smaller than under similar conditions at 
pH 3*5. When log k was plotted against 1/T (Fig. 1), 
the graph was a straight line with a slope only 
slightly different from that obtained for the same 
HCHO concentration at pH 3*5; 3*1. 

It may be noted that we found a much greater 
difference between the velocities of reaction at 
pH 3*5 and 1-5 than that reported by Lugg. He 
found the velocity constants at pH 1*5 to be 0*03 
times those at pH 3*5, whilst the ratio in our experi- 
ments was approximately 0*012 (varying slightly 
with temperature). From the figures given in his 
paper it would appear that the cause of the dis- 
crepancy lies in differences between the velocity 
constants obtained for the reaction at pH 1*5. The 
disagreement may possibly be explained by the 
difference in the composition of the solutions; in 
our experiments trichloroacetic acid was present, 
whilst Lugg employed metaphosphoric acid. 

The kinetics of the reactions of formaldehyde with 
substances chemically related to \-ascorhic acid 

The substances investigated were : d-araboascorbic acid, 
which differs from 7-ascorbic acid only in the configuration 
of carbon 4; (7-glucoascorbic acid, a seven carbon analogue; 
reductic acid, an alicyclic compound containing a keto; 
dienol group; reductone and dihydroxy maleic acid, both 
acyclic compounds with a dienol group, and alloxantin. 

d-Arahoascorhic and d-glucoaseorhic acids. The velocity 
of reaction of these two compounds with HOHO (Tables 
4 and 5) was similar to that of 7-ascorbio acid, both at 
pH 1*5 and 3*5 (cf. Tables 2 and 3). At the higher pH value 
the reaction rapidly reached an equilibrium, but the 


Table 3. The influence of temperature on the rate of combination of ascorbic acid with formaldehyde at pH. 1*5 


Formaldehyde concentration, 0*52 M. Initial ascorbic acid concentration, 0*46 mM. 
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Temp, 

°c. 

29*7 

25 ^ 

20 

15 


Uncombined ascorbic acid after T min. (%) 
Velocity constant k — {ki [F]4-I*a)10^ 


T 

4 

8 

12 

16 

20 

60 

T20 

180 

% 

92*9 

, '87*2 

82*1 

76*4 

71-0 

35*1 

13*3 

5*5 

k 

(18*4) 

17*3 

16*7 

17*0 

17*4 

17*8 

(19*4) 

17*3 

T 

■ ■ 5 

10 

15 

20 

25 

30 

35 


% 

94*1 

89*0 

84*1 

79*5 

75*4 

71*3 

67*5 


k 

(12*0) 

11-7 

11*5 

11*5 

11*3 

H*3 

11*3 


T 

10 

20 

30 

45 

50 

60 

70 

80 

% 

93*8 

88*3 

83*4 

76*5 

74*5 

69*3 

65*3 

62*4 

k 

(6*45) 

6*22 

6*07 

5*94 

5*90 

6*11 

6*09 

5*91 

T 

20 

40 

60 

80 

100 

120 



0 / 

/o 

92*9 

86*6 

80*5 

75*4 

70*8 

66*2 



k 

3*68 

3*57 

3*61 

3*54 

3*46 

3*44 




30 

60 

90 

120 

150 

180 


94*6 

88*7 

85*0 

79*8 

75*1 

70=7 


1*84 

2*00 

1*82 

1*88 

1*90 

1*93 

Mean 


360 

1*5* 


* % ascorbic acid at equilibrium = 1*1 (extrapolated). 


Ficrures in brackets not included in mean 


Mean 


Mean 


I 
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Table 4. Reaction of various reducing substances with formaldehyde at pH 3*5 
Initial concentration of reducing compounds, 0*46 M. Temp. 25^ 


-^943 


HCHO 


Reducing 

coinpound 

»;/-GlucoasGOrbic 

acid 

d - Araboascorbic 
acid 

Reductic acid 


Reductone 


Diliydroxyinaleic 

acid*^ 


Uneombined reducing compound after T iitin. (%) 


Pveducing 
compound 
combined 
at equi- 
librium 


5:6-Isopropylerie- 
Z-ascorbic acid 


/1VT\ 




Velocity constant Jc~hi 

. . _ . -A 

[F]+h 




(%) 

a-. FTl 

(M) 

/ , 













T 

i 

1 

2 ' " 

3 

4 

8 

12 

20 





0-526' 

% 

oS-9 

38-5 

15-6 

6-0 

2-9 

0-7 

0-5 

0-5 

_ 

— 

99-5 



h 

(1-07) 

0-96 

0-94 

0-97 

0-94 

Mean 0-95 






0-526 

% 

64-2 

45-8 

24-5 

13-2 

7-8 

3-1 

2-4 

2-4 

— 

_ 

97-6 



h 

(0-92) (O-Sl) 

0-74 

0-73 

0-72 

Mean 0-73 







T 

i 

1 

2 

4 

8 

15 

30 

60 

90 

120 



4-8 

% 

75-4 

73-7 

73-7^ 

71-7 

68-4 

65-9 

59-9 

51-9 

47-1 

42-9 

^ 27 

12 

2-4 

% 

83-6 

83-6 

84-1 

81-1 

79-8 

78-6 

75-1 

70-1 

67-9 

65-9 

18-5 

. 12 

1-2 

% 

89-5 

88-0 

88-0 

87-2 

86-7 

85-7 

84-4 

82-9 

79-9 

78-7 

12-5 

11 

0-60 

0/ 

/o 

94-4 

93-2 

93-2 

93-4 

92-7 

90-9 

91-4 

90-2 

S8-9 

87-9 

8' 

10 


T 

1 

2 

4 

8 

12 

16 

23 






4-84 

% 

77 . 

69 

47 

26 

21 

15 

11 







T 

10 

15 

20 

25 

30 

40 

60 

100 

150 




0-605 

% 

74 

60 

— 

48 

42 . 

34 

•20 

11 

7 




0-151 

% 

93 

88 

86 

84 

79 

73 

62, 

46 

36 





T 

1 

2 

4 

6 

8 

12 

16 

20 

30 

40 



4-84 

% 

91-6 

77-5 

62-5 

48-6 

38-5 

24-8 

15-2 

9-9 

2-5 

0 




T 

2 

4 

8 

12 

20 

30 

40 

60 

80 

100 



0-605 

% 

93-7 

88-7’ 

80-8 

72-2 

55-2 

41-5 

30-9 

17-5 

10-1 

6-0 




T 

6 

15 

23 

30 

40 

50 

60 

70 

90 

110 



0-151 

% 

88-8 

72-5 

63-9 

53-2 

43-5 

35-1 

28-5 

24*4 

15-8 

• iO-9 




T 

15 

30 

45 

60 

80 

100 







0 

0/ 

/o 

78-8 

62-2 

49-5 

37-6 

29-0 

,22-7, 








T 

i 

1 

2 

4 

8 

15 

30 

60 

90 

120 ' 



0-52 

% 

1S-2 

67-4 

57-4 

51-5 

49-5 

47-8 

44-5 

40-1 

39-1 

37-5 

48-5 

67 

0-26 . 

% 

86-5 

80-3 

71-1 

65-6 

62-3 

60-4 

57-8 

54-0 

51-0 

48-8 

36*5"' 

72 

0-13 

% 

92-0 

88-7 

83-2 

79-1 

76-2 

74-0 

71-2 

68-3 

64-7 

62-3 

25' 

69 

0-065 

0/ 

/o 

94-0 

92-4 

89-3 

86-2 

84-6 

82-0 

78-7 

76-0 

74-4 

71-6 

19 

76 


(Figures in brackets not included in mean.) 

Table 5. Reaction of various reducing substances with formaldehyde at pH 1*5 
'Initial concentration of reducing substances, 0-46 mM. 


Reducing 

HGHO 

cone. 

Temp. 



Uneombined reducing compound after 2’ min. (%j 
Velocity constant Jc = {ki [P] -f /^jj) 10® 

compound 

pVij 

V V--; 

e"" 







cZ-Gflucoascorbic 

0-52 

25 

T 

5 

10 

15 

20 

25 

30 

acid 



% 

94-2 

89-0 

84-7 

79-2 

74-9 

69-6 




h 

12-0 

11-7 . 

11-1 

11-6 

11-5 

12-1 

Reductic acid 

0-52 

30 

T 

30 

60 

90 

180 . 

.^,270^ 

360 



t 

0/ 

/o 

93-9 

90-5 

91-2 

89-8 

88-8 

86-1 

Reductone , 

0-52 

30 

G/ 

/o 

98 

93 

90 

85 

74 

70 

Dihydroxymaleic 



T 

10 

20 

30 

50 

70 

90 

acid 

0-52 

30 

% 

73-4 

51-5 

38-2 

21.-1 

Ti-4 

S-9 


0 


% 

79-0 

- 55-7 ; 

44-8 

24-6 

. 18-6 , 

14-0 


Mean 11*' 


amounts of the reducing substances combined diSered 
somewhat from the corresponding values for Z-ascorbic 
acid. The significance of this difference was, however, un- 
certain in view of the fact that neither of the two com- . 
pounds was completely pure. 

Reductic acid. The reaction of this compound at pH 3*5 
was studied over a range of HGHO concentrations. As will 
be 'seen from Table 4, there was a rapid initial reaction 
w^hich was folio w^ed by a very much slower one. The two 
stages can be clearly seen if the titration values are plotted 
against time. The rapid reaction is then represented by 


the steep initial part of the curve, the slope of which de- 
creases sharply as this reaction ceases, and the slow reaction 
is indicated by the low^er gradient of the curve as time 
proceeds. By extrapolating the fiat portion of the curve 
back to the axis it w'as possible to determine the ‘equili- 
brium’ value of the initial reaction. The amount of reductic 
acid combined at this primary ‘equilibrium’ was far less 
than the equilibrium value for ascorbic acid at a corre- 
sponding HCTiO concentration. The amount of reductic 
acid combined at ‘equilibrium’ varied with the HCHO 
concentration in a manner quite diiferent from that found 



635 


Vol. 37 


ESTIMATION OF ASCORBIC ACID 


with ascorbic acid. Owing to the uncertainty of the nature 
of the reaction involved it was not possible to calculate an 
equilibrium constant. An empirical relationship was, how’- 
ever, found to exist between the HCHO concentration and 
the percentage of reductio acid combined at equilibrium, 
i.e. x^(X.^/\F~\ (symbols as in preceding section), as shown 
’ by the approximate constancy of the product 

(Table 4). The significance of this result is not apparent, 

! and the question of the mode of combination of reductic 

acid with HCHO remains unsettled. It is, however, evident 
i that at least two reactions are involved, one of which 

! proceeds at a speed comparable with that of the ascorbic 

acid-HCHO reaction and quickly reaches an equilibrium. 

' ! It is probable from the figures given in Table 5 that the 

course of the reaction at pH 1 -5 is quite similar to that at 
pH 3*5, though the rate of combination is very much slower. 

Reductone. Lugg included this substance in the class of 
compounds which do not condense appreciably with HCHO 
either at pH 3*5 or 1*5. The results of our experiments at 
f pH 3*5, with different HCHO concentrations, showed, how- 

ever, that although the velocity of combination of reductone 
! with HCHO was muqh lower than in the case of ascorbic 

I acid, it was nevertheless significant. This was also found 

by Mapson [1943]. As the figures for this compound lacked 
the precision atiained with other reducing compounds, the 
conclusions about the kinetics of this reaction were not so 
i well defined. It was apparent, however (Tabie 4), that the 

I loss of reductone was approximately exponential and con- 

I tinned until all, or at least a very large part, of this reactant 

was exhausted. It may be noted that the initial velocity 
of the reaction w^as approximately proportional to the 
concentration of HCHO present. The behaviour of re- 
ductone w'as thus completely different from that of reductic 
I acid. Reductone also reacted with HCHO at pH 1*5, 

- although under these conditions the rate of combination 

I was very slow indeed (Table 5). 

\ Dihydroxymaleic acid. Experiments on this compound 

were complicated by the instability of aqueous solutions 
of the substance, both at pH 3*5 and 1*5, even under com- 
pletely anaerobic conditions, and a comparatively rapid 
loss of reducing power occurred without the addition of 
HCHO. The data (Tabie 4) show that at pH 3*5 the rate of 
loss of dihydroxymaleic acid in the presence of 0*15M 
HCHO was only slightly more rapid than in the absence 
of the latter. Higher concentrations of HCHO, however, 
caused the reaction to proceed more swiftly, and at a 
concentration of 4*84M no reducing capacity remained 
after 40 min. It thus seems possible that, apart from its 
' spontaneous decomposition, the behaviour of dihydroxy- 

maleic acid towards HCHO resembles that of reductone. 

^ From Tabie 5 it will be seen that at pH 1*5 the loss of the 

j comxjound due to spontaneous decomposition occurred at 

/ a rate similar to that observed at pH 3*5, and was only 

slightly accelerated by HCHO at a concentration of 0*53 M. 
Alloxantin. Alloxantin combined very rapidly with 
; HCHO both at pH 3*5 and 1*5; at a concentration of 

I 0*52 M HCHO, with pH 1*5, no reduction could be detected 

after 30 sec. at 25°. This compound thus undoubtedly 
belongs to Class 1 of Lugg’s classification, which includes 
substances that readily condense wdth HCHO at pH 1*5. 

Corrections for certain interfering substances 

It is seen from the above that Lugg’s method is incapable 
of distinguishing between hascorbic acid and its close 
analogues, and consequently no corrections could be made 

Biochem. 1943, 37 


for their presence. On the other hand, ^-ascorbic acid can 
be determined with some degree of accuracy in the presence 
of high concentrations of reductic acid, reductone or di- 
hydroxymaleic acid if the necessary corrections are made. 

In cases where the value obtained after treatment with 
HCHO at pH 3*5 is small in relation to that obtained by 
direct titration, no further correction is needed. If, on the 
other hand, this value be large, corrections for substances 
behaving like reductone and reductic acid are called for. 

If the presence of reductone be suspected, it can be 
ascertained by oxidizing the extract with indophenol and 
subsequently reducing it with HgS. By this treatment only 
a small fraction of the original reducing value of the re- 
ductone is regenerated, whilst the dehydroascorbic acid is 
completely reduced to ascorbic acid. However, this pro- 
cedure may not diminish the error due to other substances 
W’hich behave like reductone in the HCHO technique, and 
a general correction formula can be introduced in such cases. 

The velocity of combination of reductone with HCHO 
is much lower than that of ascorbic acid at pH 3*5, but in 
the time required to bring the ascorbic acid reaction to 
within 0*5% of equilibrium approximately 17% of the 
reductone w^ould combine. If, however, the experiment is 
repeated by doubling the reaction time, approximately 
twice as much reductone will combine, since the course of 
the reaction is almost linear in the early stages (Fig. 2); 



j 

; 


Fig. 2. Reaction of Auirious reducing substances with 
formaldehyde at pH 3*5. Initial concentration of re- 
ducing substances, 0*46 mM. HCHO concentration, 
0*52M. Temp. 25°. 

in both cases the ascorbic acid-HCHO reaction may be 
considered to have reached equilibrium. Thus the following 
method of calculation may be employed if reductone or 
substances behaving like it are present. 

+w (1 -p), 

■ , 100 
whence v = (% - 2^2 + 

■ . ■ ■ 

(Vi= corrected titration after reaction with HCHO at 
pH 1*5; after reaction at pH 3*5 for standard 
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time (/■); = titration after reaction at pH 3-5 for time 

' 1 ?= titration equivalent of actual ascorbic acid present; 
w= titration equivalent of reductone present; 0 ;^= per- 
centage of ascorbic acid combined at equilibrium, and 
_p = fraction of total reductone combined in time t). 

TMs procedure is similar to that adopted by Mapson 
[1943]. Mapson’s modification has tbe advantage that it 
does not require special care in the adjustment of the pH 
and the concentration of HCHO, and is independent of 
any changes in the reaction velocity at pH 3*5. On the 
other hand, it requires more material and time for the 
estimation, and above ail, as in the case of Lugg’s original 
no correction is made for the error that might 
arise from the presence of reductic acid. 

As the initiai velocity of combination of reductic acid 
with HCHO is comparable with that of ascorbic acid, the 
procedure recommended for use with reductone and like 
substances is of no value in this case. However, use may 
be made of the fact that the amount of reductic acid com- 
bined at ‘primary equilibrium ’ is proportional to 'v/[HCHO]. 
After the usual HCHO technique at pH 3*5 is carried out, 
the procedure is repeated with one-fourth of the concen- 
tration of HCHO, the reaction time being suitably increased 
so as to allow the ascorbic acid-HCHO system to reach 
equilibrium. In this second titration the percentage of 
reductic acid combined will be approximately one-half of 
that in the first titration. 




hy(l-y), 


_ 100 (t?! - 2^4 -f ^^ 2 ) 


(^ 2 = titration after reaction at pH 3*5 with standard HCHO 
concentration (c); 2 ^ 4 = titration after reaction at pH 3*5 
with HCHO concentration 0*25c; titration equivalent 
of reductic acid present; 3 ^= fraction of reductic acid com- 
bined at HCHO concentration c; percentage of ascorbic 

Table 6 . Time required for the combwation of ascorbic 
acid with formaldehyde at pH 1»5 and 3-5 

[F] = concentration of HCHO in reaction mixture. 
jTg percentage of ascorbic acid combined at equilibrium. 

At pH 1*5, times given are those required to produce 
the percentage loss indicated. 

At |>H 3*5, times given are those required to reach 
99*5% equilibrium value. , 


pH 1-5. 
Time with 
[J]=0*52M " 

X- 

1 % 5%' 

loss loss 


pH 3-5 


[J?’]=0-13M 


loss 

(mm.) 

Time 

(min.) 


Time 

(min.) 


3 

4”'' 

98*2 . 

15 

93*0 


7 

98*5 

24 

94*4 

8*5 

11 

98*9 

40 

95*6 

15 

19 

99-1 

68 

96*5 

26 

32 

99*3 

119 

97*3 




acid combined at equilibrium with HCHO concentration c; 

percentage of ascorbic acid combined at equilibrium 
with HCHO concentration 0*25c; % and r have the same 
significance as before). 

Values for the reaction times and the percentage of 
ascorbic acid combined at equilibrium for the two HCHO 
concentrations are given in Table 6 , in order that this 
correction may be applied. 

The presence of a substance like dihydroxymaleic acid, 
which decomposes spontaneously both at pH 3*5 and 1*5, 
would undoubtedly lead to erroneous results in applying 
Lugg’s method, if the extracts were not previously treated 
with HaS- If, however, the solutions are allowed to stand 
in the presence of HgS, this interfering substance will de- 
compose before the estimation is commenced, and error 
due to its presence wdll thus be avoided. 

The structure of the formaldehyde-ascorbic 
acid complex 

It has already been seen from the kinetics of the 
reaction, that HCHO and ascorbic acid combine in 
equimolar proportions. It is therefore probable that 
the HCHO molecule has two points of attachment 
in the ascorbic acid molecule. Am attempt to isolate 
the complex, by evaporating concentrated aqueous 
solutions or by fusing ascorbic acid with polymers 
of HCHO , did not meet with much success . Rigorous 
drying gave almost colourless glassy solids which 
deliquesced immediately on exposure to air and 
which contained a' small amomit of vmchanged 
a'scorbic acid. When their aqueous solutions were 
made alkaline and immediately acidified, a large 
part of the indophenoi titration value of the com- 
bined ascorbic acid was regenerated. This will be 
seen later to be characteristic of the complex. Thus 
these impure solid products contained a consider- 
able proportion of material which behaved in a 
manner similar to the ascorbic acid-HCHO complex 
produced in solution. Purification of the solids was 
rendered difficult by their extremely deliquescent 
nature, and, in view of the probable complexity of 
the ascorbic acid-HCHO reaction, further attempts 
to isolate the complex were felt to be unprofitable. 
The problem of structme had therefore to be 
attacked by indirect methods. 

The fact that after combination with HCHO the 
. ascorbic acid loses its reducing properties suggests 
that either or both of the OH groups attached to 
Cg and Cg are involved. Oui* first object was there- 
fore to inquire into the nature of tliis linkage. If 
the condensation were to involve C 3 # it should lead 
to a decrease in , the acidic properties of ascorbic 
acid, since the H atom in this position is probably 
the one which is mainly ionized [Reich stein, 
Griissner & Oppenauer, 1934; Haworth & Hirst, 
1934; Haworth, Plirst & Smith, 1934]. In such a 
case the pH of an unbuffered mixture of HCHO and 
ascorbic acid should increase as the reaction pro- 
ceeds. To test the point the following experiment 


Vol. 37 


ESTIMATION OF ASCORBIC ACID 


637 


was carried out. 20 ml. 6M neutral HCHO solution 
were added to a solution of 0*5 g. ascorbic acid in 
180 ml. water at room terdperature. The pH of the 
solution was determined initially and after various 
intervals by means of a glass electrode system. 
Simultaneously samples of the mixture were titrated 
with indophenoL In correlating the pH value and 
the ascorbic acid concentration of the reacting solu- 
tion, use was made of a curve previously constructed 
by measuring the pH of aqueous solutions of known 
strengths of ascorbic acid. It will be seen from 
Fig. 3 that although the observed pH values were 



Time (min.) 


j Fig. 3. Changes in pH during reaction between ascorbic 

I acid aiid formaldehyde. Beaction mixture — 0*5 g. ascor- 

I bic acid, 180 ml. water, 20 ml. 6M neutral HCHO solu- 

j tion. Temp. 20°. Curve A : log ascorbic acid concentra- 

(. tion (mg./lOO ml.), from indophenol titrations. Curve B: 

pH calculated from ascorbic acid concentration. Curve C : 
pH measured electrometrically. Curve D : titration of 
5 ml. portions with N/20 HaOH. 

somewhat higher than those calculated from the 
titration values, the changes occurring as, the reac- 
tion proceeded followed a very similar course in each 
case. The agreement was quite satisfactory in view 
: of the ease with which the pH of an unbuffered 

I solution may be affected by extraneous substances. 

[ The higher pH values were in all probability due to 

the pi’esence of HCHO. In our opinion this experi- 
ment produces sufficient evidence that Cg is one 
point of linkage. 

j In order to determine the position of the second 

j point of attachment, the behaviour of certain de- 

rivatives of ascorbic acid containing substituents in 
positions 5 and 6 was investigated. The compounds 
I employed were 6-trityl-, 6-desoxy- and 5;6-'i5opro- 

I pylene-Z-ascorbic acid, and the reaction of each of 

I these substances with HCHO at pH 3-5 was ibl- 

iowed up by titration as before. It will be seen 
(Fig. 2) that the behavioiu of the three compounds 
was remarkably similar, and was in sharp contrast 


to that of ascorbic acid at the same concentration 
of HCHO. The coui'se of the reaction was not unlike 
that observed with reductic acid, though the amount 
of reactant combined during the initial rapid reac- 
tion was much greater at a given HCHO concentra- 
tion in the case of the 6 -substituted compounds. 
The reaction wdth 5:6-^sopropylene-ascorbic acid 
was investigated over a range of concentrations of 
HCHO. As in the case of reductic acid the ex- 
pression (Tg [F]““ was found to be approximately 
constant (Table 4). Since the behaviour of the three 
compoimds was very similar in spite of the different 
nature of the substituents, it may be inferred that 
the contrast between the course of their reactions 
and that with ascorbic acid was probably not due 
to any change in the reactivity of the dienol H 
atoms, but to the blockhag of position 6. Also since 
the 5:6 substituted ^‘^opropylene derivative behaved 
exactly like the 6 -substituted compounds, linl^age 
at position 5 may be excluded. It thus seems 
probable that the formation of the HCHO complex 
involves the 3 and the 6 positions of the ascorbic 
acid molecule. The possibility that the presence of 
HCHO might stabilize an abnormal tautomeric 
form of ascorbic acid having an oxygen bridge 
attached at Cg (ef. the structure of ^sodimethyl 
ascorbic acid [Micheel & Schulte, 1935; Micheel & 
Bischoff, 1936; Haworth, Hirst, Smith & Wilson, 
1937]) appears to us very unlikely. 

In all these experiments it must be emphasized 
that we have been concerned only with the HCHO 
condensations which affect the reducing power of 
ascorbic acid. A few experiments were carried out 
in an attempt to follow the course of the reaction 
between ascorbic acid and HCHO by observation 
of the changes in the optical rotation. The results 
indicated that the whole reaction system was more 
complicated than that indicated by titration me- 
thods. It is quite probable that other reactions may 
occur, leading to products which are still capable. 
of reducing indophenol. As the presence of such 
compounds would have no bearing on the method, 
the matter was not investigated further. 

In connexion with the properties of the ascorbic 
acid-HCHO complex, we should like to draw atten- 
tion to a point of interest. In the investigation of 
the change in pH of the unbuffered ascorbic acid- 
HCHO solution in the above experiment, samples 
of the solution were titrated with NaOH (phenol- 
phthalein indicator). Apart from a slight initial rise 
the titration values remamed constant (Fig. 3) 
throughout the experiment. It would appear from 
this that the ascorbic acid-HCHO complex is very 
rapidly decomposed by alkali. This idea was con- 
firmed by the fact that when the alkali-titrated 
solution was acidified and titrated with indophenol 
the quantitative regeneration of ascorbic acid was 
established. 
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Tim influence of mrious substances on the velocity 
of combination of ascorbic acid and formaldehyde 

Since Liigg’s method depends upon the rate of 
combination of ascorbic acid with HCHO at pH 3*5 
and 1*5, it is evident that the accuracy of the 
method would be dimmished by the presence of 
si^bstances capable of influencing the velocity of 
the reaction. At pH 3*5 the reaction is allowed to 
reach equilibrium. The times suggested by Lugg are 
probably greater than is necessary, to attain this 
condition and consequently the possibility of error 
is reduced. Thus a moderate decrease in the reaction 


Time (min.) 

Fig. 4. The influence of various substances on the rate of 
combination of ascorbic acid with formaldehyde at pH 1-5. 
Initial concentration of ascorbic acid, 0*46 inM. Temp. 25°. 
HCHO added at zero time. Curve d: ® Ho addition"; 
0 10 mM. creatine added; 0 lOmM. tyrosine added; 
0 10 mM. asparagine added; 0 10 mM. leucine added. 
Curve B\ V 10 mM, glycine added. Curve G\ 20 mM. 

glycine added. Curve D: x 40 mM. glycine added.* Curve i?: 
A boss of added' ascorbic acid from extract of canned meat 
and vegetables adjusted to pH 1*5. 


velocity would not be serious, whilst an increase 
would have no effect upon the result. At pH 1*5, 
on the other hand, the reaction is allowed to proceed 
until a definite fraction of the ascorbic acid present 
(5% in Lugg’s precedure) has combined with 
HCHO, and consequently any variation in the 
velocity of reaction ah this pH would cause some 
error in the results. This eiror might be considerable 
if the reaction were accelerated. We found that 
when ascorbic acid was added to extracts of certain 
canned products the rate of reaction with HCHO 
at pH 1-6 was in fact considerably higher than in 
pure buffer solutions. Evidently this acceleration 
was produced by the presence of interfering sub- 
stances in the extract and we therefore considered 
i t advisable to investigate the influence of some 


compomids likely to be present in such extracts, as 
well as that of compounds'^capable of reacting with 
HCHO. , For this purpose dh© substances were dis- 
solved in buffer solution containing ascorbic acid 
and the HCHO solution added when the tempera- 
ture was stabilized. Care was taken to ensure that 
the pH of the final- -mixture was 1*50. Hesults of 
these preliminary experiments are given in Fig. 4. 
It will be seen that, at a concentration of lOmM., 
any changes in the rat© of reaction caused by 
creatine, ^-tyrosine, asparagine or leucine were too 
small to be regarded as significant. On the other 
hand the presence of glycine (Analar reagent, twice, 
recrystallized from water), at the same con- 
centration, more than doubled the initial 
velocity ; at higher concentrations the increase 
was even greater. It must, however, be noted 
that, whilst the effect with glycine was most 
marked in the initial stages of the reaction, the 
increase of velocity observed with the extracts 
of canned material continued tliroughout the 
reaction. The problem requires further investi- 
gation, but these results definitely suggest that 
caution must be exercised in interpreting the 
results obtained at pH 1*5. If the difference 
between the direct titration and the values 
obtained after treatment with HGHO at pH 1*5 
is small, no serious error can arise. If, however, 
the difference is considerable, an inquiry must 
be instituted in order to ascertain whether this 
difference is due to the presence of a substance 
in Class 1 of Lugg’s classification or to an in- 
crease in the velocity of combination of ascorbic 
acid with HCHO, brought ^.about by some 
substance in the extract. It may be noted that - 
many of the substances which are included in 
Class 1 react almost instantaneously with HCHO 
at pH 1*5 and therefore the reaction times 
suggested by Lugg are probably longer than 
is necessary. We usually allow time for 1% of 
ascorbic acid to combine instead of 5 % . In this 
way any errors due to changes in the reaction 
velocity are greatly reduced. 


The. differential behaviour of the oxidation products 
of ascorbic acid, reductic acid mid reducione 

It was mentioned in the introduction that at the 
time of the appearan<59 of Lugg’s paper w’© were 
engaged in elaborating methods for the determina- 
tion of ascorbic acid in the presence of reductic acid 
and reduetone. O ur experiments were based on our 
observation that the primary oxidation products of 
the three compounds possessed certain character- 
istics w^hieh were distinctive enough to enable a 
separation to be effected. Dehydrorediictone could 
be readily distinguished from deli^airoaseorbic acid 
by the fact that only a slight indophenol titi*ation 
was obtained from the former on treatment with 
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1 HgS at pH 3* 0-4*5. Ascorbic acid could therefore 

I be determined, in a mixture of these two com- 

poimds, by oxidation and reduction. Pv.eductic acid 
could be distinguished from ascorbic acid by the 
greater stability of solutions of dehydroreductic 
acid at a low pH as compared with those of dehydro - 
ascorbic acid, and also because in the oxidized state 
the former reacted with 2:4-dinitrophenylhydrazine 
more rapidly than the latter. The following is a 
j short description of the procedure adopted. 

(a) Sufficient HCl was added to the oxidized 
i solutions to bring the concentration to jST/IO. The 

! acidified solution was then heated for 1 hr. at 100'', 

cooled, brought to pH 4*0 by addition of sodium 
acetate solution, reduced with HgS and titrated 
with indophenol, in the usual way, after removal of 
the excess of HgS. Under these conditions approxi- 
mately 89 % of the dehydroascorbic acid and only 
3 % of the dehydroreductic acid were destroyed. 
In practice the accuracy of the method was limited 
by the tendency for end-points to be indistinct after 
I the acid treatment. Ascorbic acid mixed with 

I 0*1-10M equivalents of reductic acid could be de- 

f termined with an error not greater than 10 % . Eor 

j use with tissue extracts it would be necessary to 

I introduce a correction for reductic acid produced, 

from pectins or pentoses, during the acid treatment, 
which could be effected by titrating a portion of 
■j the solution before reduction with HgS. It is 
possible that a more satisfactory procedure could be 
devised at a lower temperature (40-50°) and higher 
i acid concentration [cf. Pemiey & Zilva, 1943]. 

(b) The oxidized solution which contained ap- 
proximately 0*5mM. dehydroascorbic acid or de- 
hydroreductic acid was buffered at pH. 1*5. 10 ml. 
were treated with 2 ml. 0*2 % 2:4-dimtrophenyl- 
hydrazine in H HCl, and 1 ml. 2M sodium acetate 
(to neutralize the acid in the former reagent). The 
mixture was incubated for 80 min. at 38°, 2 ml. 
0*28 % aqueous furfural solution added (to remove 
excess of the hydrazme reagent), and the incubation 
continued for a further 10 min. Pinally 3 ml. aee- 

■ tat© buffer were added to bring the pH to 4*0 and 

I the precipitate removed by filtration. The filtrate 
i was reduced with HgS and subsequently titrated in 

^ the usual w^ay. In the hydrazine treatment approxi- 
< mately 6*5 % of the dehydroascorbic acid and 96 % 

■ of the dehydroreductic acid were lost. Ascorbic acid 
mixed with O-l-lOM equivalents of reductic acid 

I could be determined with an error of less than 4 % . 

f In attempting to apply this procedure to extracts 

of biological materials we encoxmtered difficulty 
; owing to tlie formation of colloidal solutions of the 

j dinitroph enylhydrazones . 

^ ' DISCUSSION 

There is little doubt that Lugg’s procedure greatly 
improves the specificity of the indophenol titration 


for Z-ascorbic acid. The specificity is, however, not 
absolute and critical judgement has to be employed 
ill interpreting the results. Apart from the fact that 
Z-ascorbic acid cannot be distinguished from its 
close analogues by this method, every determina- 
tion, must be considered in relation to the circum- 
stances of any given case, in order to correct for the 
possible presence of interfering substances. These 
compounds may either belong to a category of 
compounds capable of reducing indophenol, or may 
exert an influence on the rate of combmation of 
Z -ascorbic acid with HCSO. 

In applying Lugg's method the following points 
have therefore to be borne in mind : Lugg assumes 
that, when equilibrium is reached, 2% of the 
ascorbic acid remains uncombined. Oui’ results 
show that the amount of ascorbic acid at equilibrimn 
depends on temperature (Table 6). This point is of 
practical importance if the determination is carried 
out at extreme temperatures. Furthermore, the 
reaction is very sensitive to slight changes in pH. 
Although fair accuracy can be obtained mider 
favoiuable conditions with indicators (methyl 
orange, thymol blue), the use of a glass electrode 
system for the control of the pH is desirable. It 
must also be pointed out that a change in pH ma^’ 
occur on the addition of HCHO. The concentration 
of HCHO is also important, and the strength of the 
reagent should be determined before use. It is im- 
portant, as suggested by Lugg, to pass Ng through 
the solutions during the determinations. 

Under the conditions employed by us, the times 
required for the reactions at pH 1*5 and at 3*5 
differed somewhat from those given by Lugg, In 
Table 6 are given the times required for 1 or 5 % 
of ascorbic acid to corhbine with HCHO at pH 1*5. 
At pH 3*5, the times required for the reaction to 
proceed to, 99*5 % of the equilibrium value are 
given. In practice these times are multiplied by a 
factor of 1*5 in order to avoid an error due to any 
slight decrease in the velocity of the reaction that 
may occur. 

Lugg’s procedure depends for its accuracy upon 
the constancy of the velocity of the reaction be- 
tween ascorbic acid and HCHO. A dimmution in 
the velocity would not be serious unless it were 
sufficient to prevent the establishment of an equi- 
librium at pH 3*5 in the time chosen. A considerable 
acceleration of the reaction, however, would affect 
the results obtained at pH 1*5. This is a point of 
practical significance, since it has been found that 
certain extracts can increase the reaction velocity, 
and an increase can also be brought about by the 
addition of glycine. Such errors may be reduced, 
although not eliminated, by reducing the reaction, 
times employed, 

Lugg’s method greatly reduces the error in the 
titration method due to the presence of reductone 
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or reditctic acid, wlien present in quantities which 
are small in relation to that of the ascorbic acid 
present. When larger quantities of these compounds 
are present, additional corrections must be intro- 
duced. ' 

SUMMAEY 

1. The kinetics of the reaction between HCHO 
and Z -ascorbic acid or chemically related substances 
have been studied. 

2. Indirect evidence is produced for the possible 
structure of the HCHO -Z -ascorbic acid complex. 

3. Lugg’s method for determination of Z-ascorbic 


acid has been examined from the point of view of 
the above experiments^ and necessary precautions 
are stressed. 

4. Suggestions for other methods for the deter- 
mination of Z-ascorbic acid in the presence of re- 
ductic acid and reduct one are advanced. 

One of us (G. A. S.) is indebted to the Medical Research 
Council for a whole time grant. We should like to express 
our gratitude to Prof. E. L. Hirst for specimens of d-arabo- 
asoorbic and cZ-glucoascorbic acids, and to Prof. T. Reich- 
stein for a specimen of 6-desoxy-Z-ascorbic acid. Thanks are 
also due to Roche Products Ltd. for a gift of Z-ascorbic acid. 
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Studies in Immunochemistry 

7. THE ISOLATION FROM HOG GASTRIC MUCIN OF THE POLYSACCHARIDE-AMINO 
ACID COMPLEX POSSESSING BLOOD GROUP A SPECIFICITY 

By W. T. j. MORGAN and H. K. KING (Research Student in Bioehemistiy), 
Biochemical Department, The Lister Institute of Preventive Medicine, Lo7idon 

{Received 24 September 1943) 

Investigations on the nature of the blood group titles. On the basis of the glucosamine content the 
antigens present in human tissues and secretions product was considered to be only 75% pure, and 
are greatly restricted owing to the small amounts it was observed that the material gave a positive 
of active factors present and to the difficulty of Ehrlich diazo-reaction. Landsteiner & Harte [1940] 
obtaining the tissues and secretions in large quan- confirmed these observations and extended the in- 
tities. An observation of Schiff [1930], however, vestigation to include a closer examination of the 
revealed that commercial peptone contained a con- non-hexosamine nitrogenous constituent. They con- 
siderable quantity of a blood group A factor, and eluded that the A-substance consisted largely of 
subsequently Schiff & Weiler [1931], Brahn, Schiff carbohydrate but contained also a component rich 
& W^inmann [1932] and Schiff [1933] showed that in apaino-acids. 

commercial pepsin likewise could serve as a readily The A-substance in hog gastric mucin is closely 
available source of this blood group substance, related serologically to the human blood group A 
A rich supply df the A-factor was discovered later factor. In view of the ease with which considerable, 
in hog gastric mucin by Landsteiner & Chase [1936] amounts of hog gastric mucin could be obtained, it 
and by Meyer, Smyth & Palmer [1937]. As a result seemed a particularly suitable material for experl- 
of their work on the glyco -proteins occurring in mental study, the results of which could be em- 
gastric mucosa, Meyer et al. [1,937] isolated from ployed subsequently as a basis for the elaboration 
this tissue a polysaccharide that possessed intense of a method for the isolation of the blood group 
A activity and showed that it contained N-acetyl- substances from human erythrocytes, tissues and 
glucosamine and galactose in equimoleeular quan- tissue fluids. Cellular and tissue antigens, however, 
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are usually found to b© labile complexes and it is 
becoming increasingly evident that if their isolation 
is to be achieved with the minimum of change in the 
physical, chemical and biological properties, it is 
essential to avoid conditions that involve extreme 
pH values, and to work with the material, as far as 
practicable, at low temperatures. The employment 
of these restricted conditions for- the manipulation 
of molecular species of biological origin enables 
certain irreversible changes to be avoided or reduced 
to a minimxmi. With the above considerations in 
mind two methods have been elaborated for the 
isolation of the specific A-substance from com- 
mercial gastric mucin. 


washed four times in this manner, and finally dried in vacuo 
(fraction 1, Table 1). The material showed no appreciable 
A activity as measured by either the haemolysis inhibition or 
isoagglutination inhibition test. The main aqueous extract, 
together with the washings after they had been concentrated 
to small volume, was warmed to about 35°, and 30% by 
weight of anhydrous Na2S04 was added, in small portions 
at a time, to the vigorously stirred solution. Thex^L-substance 
separated sharply between 27 and 30% of Na2S04, as a 
sticky gelatinous mass, and was collected on the centrifuge. 
The material was suspended in water and after solution 
was reprecipitated with Na2S04. In some preparations the 
A-substance was treated with NagSO^ a third time. The 
final precipitate was dissolved in water, dialyzed at 0° until 
free from SOf, spun to remove any insoluble residue, and 
dried in vacuo from the frozen state (fraction 2, Table 1). 



Table 1. The fractionation of an aqtieous solution of crude gastric mucin by sodium sulphate precipitation 

Approximate minimum 
quantity (pg.) inhi- 
biting completely 



Amount of 


Relative Total N 


i^) 


Nature of fraction 

fraction* 

M5461 

viscosity (Kjeldahl) 

Ash 

Isoagglu- 

A-haemo- 

(g.) 

(c, 0-5%) 

■ ^ (%) 

(%) 

tination 

lysis 

(1) Insoluble in water, soluble in alkali 

8*6 

-45° 

M4t 11-2 

3-8 

100-200 

— 

(2) Precipitated from aqueous solution 
between 27-30% Na^SO^ 

16-0 

-f- 8° 

2-67 6-1 

1-5 

0-1 

0-01 

(3) Soluble in 30% NaaSO^ 

3;0 

'-22° 

1-22 3*8 

3*9 

25 

2 

* From 40 g. of a specimen of crude 
t In 0-05N NaOH. 

gastric mucin, of which 23 % was diffusible through a 

cellophane membrane. 


EXPERIMENTAL 

Isolation of the specific A-substance 
from gastric mucin 

Method 1. Commercial gastric mucin, obtained from the 
Wilson Laboratories, Chicago, was suspended in saline or 
in water saturated with CO2. The material, at a concen- 
tration of about 2%, was vigorously shaken and kept 
saturated with COg, until a thick viscous solution was 
obtained. Usually one or two days were required for the 
small hard particles of the crude dry gastric mucin to 
soften, swell and finally pass into solution. The thick. 


Measured by its power to inhibit isoagglutination, 
fraction 2 is the most active A-substance yet ob- 
tained by us. Other constituents (fraction 3, 
Table 1) of the gastric mucin which were recovered 
from the Na 2 S 04 supernatant fluids showed much 
reduced capacity to inhibit the isoagglutination or 
haemolysis of A-erythrocytes by anti-A serum. The 
results of fractionating 14-5 g. of fraction 3 from 
aqueous solution by ethanol are set out in Table 2. 
The fractions show only slight A activity, which 
amounts at the most to only a few per cent of the 


Table 2. The fractionation by ethanol precipitation of the 30 % NagSO^ soluble material (14*5 ^.) 

obtained from crude gastric mucin 


Limits of 
ethanol con- 


. centration for Weight of 


Fraction 

precipitation 

fraction 

[o^]5461 

no. 

(% (v/v)) 

(g.) 

(c, 0-5%) 

■'■'■■1 ' ■ 

— 

1-2 

+ 36° 

2 

0-20 

1-7 

+ 4° 

- 3 

20-33 

2-7 

- 14° 

„4 

33-50 

3-2 

-15° 

,.5' 

50-66 

4-5 

-32° 


Approximate dilution showing 




Relative . 
viscosity 

V 

Total N 
^ (%) 

complete inhibition of 

Isoagglutination 

A-haemolysis 

1-07 

IM 

1 : 10^ 

1:105 

1-08 

9-4 

1:10^ 

1 : 2 X 105 

1-16 

3*8 

1 : 4 X 10^ 

1:6x105 

1*30 

4-5 

1 : 4 X 10^ 

1:106 

M9 

4-0 

1 : 8 X 10^ 

1 : 2 X 105 


viscous suspension, at a concentration of about 1% , was 
. centrifuged in the closed bowl of a Sharpies centrifuge for 
1 hr., and the slightly opalescent supernatant solution was 
then carefully withdrawn from the bowl by gentle suction- 
About a third of the original crude gastric mucin remained 
undissoived. The insoluble material was washed by sus- 
pending in saline or in water saturated with CO2, being 


activity of the purified A-substance. This material 
closely resembles the acid polysaccharide described 
by Meyer et ah [1937]. Further fractionation gave 
a main fraction with the following properties,^ 
W 546 i> 3*9 %; limit of inhibition of iso- 

agglutination, 1:20,000. 
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Method 2. Crude gastric mucin was ground in a mortar 
with 90% phenol. The solvent was added gradually, the 
material being worked up first to a paste, then to a thick 
suspension. A total volume of about 2 1. of phenol was 
used for each 100 g, of gastric mucin, and the final sus- 
pension was allowed to stand, with frequent shaking at 
room temperature, for 24-48 hr. The crude mucin was 
partly soluble, the insoluble portion being separated from 
the viscous solution by spinning in the Sharpies centrifuge. 
The insoluble material from each 100 g. of crude mucin 
was resuspended in about 500 ml. of 90 % phenol, allowed 
to stand for 12 hr,, and again recovered from the phenol 
solution. iVfter a further treatment with phenol this residue 
was washed with ethanol to remove phenol and dried 
in mcuo (fraction 1, Table 3). The main phenol supernatant 
fluid, together with the phenol washings from the phenol- 
insoluble residue, was treated with ethanol to precipitate 
tlie A"Substance. The ethanol was added a 1:1 phenol- 
ethanol mixture in order to avoid local precipitation of the 
A-substance, which was throivn out of solution as a gela- 
tinous mass when the ethanol concentration reached 10 % 
(v/v). The precipitate was collected^ redissolved in half the 
original volume of 90 % phenol, centrifuged to remove any 
undissolved material and reprecipitated with ethanol. 
Solution in phenol and reprecipitation with ethanol w^ere 
both repeated a third time. The final clear, almost colour- 
less jelly was immediately dialyzed at 0°, or was triturated 
with ethanol to remove excess phenol, and the resulting 
friable mass then suspended in water and dialyzed at 0® 
for several days to eliminate the last traces of phenol and 


or the haemolysis ■ of sheep cells .by anti -A red cell 
serum, is much less than for the main A-substance 
fraction (fraction 2 ), wdiich separated from the 90 % 
phenol solution between 0 and 10 % ethanol. 

After the preliminary experiments had been com- 
pleted, two pi*eparations of the A-substance were 
made by method 1 and three large preparations by 
method 2. The yields of the final product were in 
each instance about 33 % of the crude gastric mucin 
and in all the experiments described later in this 
paper it has not been possible to distinguish be- 
tween the purified materials isolated by either of 
the two methods. 

A preparation of mucin purchased in this coiuitry 
and purified by the two methods described above 
yielded purified A-siibstances that w^ere ver^^ similar 
in properties to the A-substance described in this 
paper. The yield from the crude mucin was about 
50 % , the specific rotation of the purified material 
was, however, slightly less dextrorotatory, -f 2 ° ± 2 ° 
and the N was 4*9 % or 5T % according to the 
method of preparation used. The specimens gave 
rise to inhibition of isoaggliitination at a dilution 
of 1:1-28x10®. Tphe relative viscosity ( 7 ;, 2-45) was 
rather less than the value given for the A-substauee 
derived from Wilson’s gastric mucin. 


Table 3. The fractionation of crude gastric mucin from 90 % phenol by ethanol 


Relative 


Approximate minimum 
quantity (gg.) inhi- 
biting completely 


Details of fraction 

(1) Insoluble in 90% phenol 

(2) Precipitated from 90% phenol by 
ethanol between 0-10% concentration 

(3) Precipitated from 90% phenol by 
ethanol between 10-25% ethanol 

(4) Precipitated from 90% phenol by 
ethanol between 25-50 % ethanol 

(5) Soluble in 50 % ethanol phenol 


Amount of 
fraction* 


viscosity 
in 0-9% 

t 

Total N 

Asii 

(®) 

Isoagglu- 

(b) 

A-haemo- 

(g-) 

E«]5461 

mcit 

(%) 

(%) 

tination 

lysin 

36-9 

+ 27®§ 

1-25 

6-911 

14-7 

iO-lQO 

10—100 

, 38-2 

-MO® 

2-86 

5-5 

0-9 

0-1 

0-01 

20*7 

- 4® 

1-24 

8-0 

2-0 

1-a 

04 

13-5 

-67® 

M4 

12-2 

21 

10 

20 


14*7 


-82® 


1-05 


104 


iso appreciable activity 


From_145g. of crude gastno mucin, of whioli, on dialysis, about 20% passed through a ceUophane membrane, 
t Relative ^soosity of 0-9% NaCl taken as 1-00. { Determined bv Kieldabr.s method. 

MnO-llSNaOH. || Uncorreoted for a.sb. 


ethanol. The clear viscous solution was then frozen at - 20® 
and dried m vacuo from the frozen state (fraction 2, 
Tables). 

The properties of the other fractions obtained by 
the addition of ethanol to the pooled 10 % ethanol 
solutions are also given in Table 3. The material 
precipitated from the 10% ethanol -phenol super- 
natant fluid on raising the ethanol concentration to 
25% (v/v) contains an appreciable amount of A- . 
substance which can, however, be readily recovei’ed 
by repeating the fractionation process. It wiU be 
seen that the specific activity, as measured by the 
capacity of the fractions to inhibit isoagglutination 


RESULTS 

Physical and chemical properties 
of the A -substance 

Tile material obtained by drying a neutrai aqueous 
solution of the A-substance from the frozen state is* 
of a white, silky, almost crystal fine appearance. It 
dissolves readily in water or saline, and a d % solu- 
tion shows considerable viscosity and is faintly 
opalescent. A 2-3% solution behaves as a viscous 
solution with pronounced elastic properties, and at 
a concentration of 4-5% the viscous solution fails 
to flow out of an inverted test-tube. 




Several preparations were examined after solu- 
tion in buffer acetate (pH 4*0) or phosphate (pH 8-0) 
buffer (/X, 0*1), in the Tiselius electrophoresis appa- 
ratus, by oui* colleague Dr R. A. Kekwick, who 
reported (see Addendum) that specimens obtained 
by either method were essentially homogeneous. 
Electrometric titration of an aqueous solution of 
the A-substance failed to reveal any group ionizing 
between pH 2-0 and 10-5. 

The analytical figures for these preparations are 
recorded in Table 4. The amount of organically 
bound P was between 0-05 and 0-1 % in all prepara- 
tions. Sulphur was absent. The acetyl estimations 


Harte [1940], reduced the relative viscosity of the 
A-substance to TOO, a figure only slightly higher 
than that for 0*90% saline. In view of the ease 
with which the viscosity of the A -preparations was 
destroyed it was considered of interest to investigate 
the. influence, on viscosity and serological activity, 
of heating the material dissolved in buffered saline 
at i)H 3*0, 5*0, 6*9 and 8-0. The change in viscosity 
with time of heating an 0*5 % solution at different 
pH values is shown in Fig. 1. The solutions were 
sealed in ampoules before heating. The rapidity 
with which the viscosity is lost when the A-sub- 
stance is heated on the alkaline side of neutrality 


Table 4. The analyticalr data for preparations of the A-siihstance isolated from gastric mucin 

Relative 

Method of Weight of [a] 546 i viscosity Content {%) of 


preparation 

preparation 

(0*5% in 

(0*5% in 




A 


^ ^ 

Acetyl 

and no. 

(g.) 

H^O) 

saline) 

C 

H 


Ash 

Phenol extraction 









GM. 201 

30 

4- IT' 

2*80 

— 



5-7 

14 

9*6 

GM. 210 

33 

-f 14° 

. 2-86 

45-2 

6*6 

5‘9 

0*9 

10*7 

GM. 240 

38 

4-10° 

283 

45*1 

6-7 

6-0 

0-9 

10*3 

Aqueous extraction 









GM. 280 

9 

+ 8° 

2*78 

44*8 

6*4 

6-4 

0-8 

9*2 

GM. 321 

20 

4-12° 

2-35 

45*9 

6*4 

6*2 

0*6 

11*5 


* By Dumas’s method. 


were carried out by the method of Elek & Harte 
[1936], but, although accurate and reproducible 
results were obtained with N-acetylglucosamine, 
the results with A-substance differed by as much 
as 15 %. The source of error was not detected, 
although the possibility of acyl residues other than 
acetyl was considered. Acetic acid was isolated as 
Ag salt (found, Ag 64-6; calc. 64*7 %) from an acid 
distillate of A-substance. The yield was of the same 
order (75 %) as was obtained in similar estimations 
on acetic acid. 

Viscosity. The relative viscosity values of 0*5% 
solutions of the preparations in 0* 9 % NaCl were 
determined at 37° by means of a modified Ostwald 
viscosimeter. For the three large preparations of 
A-substance extracted by means of phenol, the 
figures were 2-80, 2*86, 2*83, whereas two prepara- 
tions, isolated by means of aqueous extraction, gave 
values of 2*78 and 2*35; the viscosity of 0*90% 
Had bemg taken as TOO. After heating with 0-lN 
acetic acid at 95° for 10 min., with removal of the 
acid by dialysis, and recovery of th^ product by dry- 
ing i/n yacwo from the frozen state, the A-substanee, 
dissolved in 0*90 % HaCl, showed a relative viscosity 
of 2-07. Material which had been treated with 
2% HagCOg at 70° for 15 min. [Meyer et al. 1937], 
and likewise recovered after dialysis, also showed 
a considerably decx'eased viscosity {y, 1*27) and 
treatment of the undegraded high viscosity A-sub- 
stance with anhydrous formamide at 150° for 1 hr., 
according to the teclinic|ue used by Landsteiner &; 


(pH 8*0) is of interest and indicates -that the 
A-substance should on no account be heated at 


Time of heating (hr.) 

Fig. 1. Curves showing the tall in viscosity of undegraded 
A-substance on heating at 100'’ in buffered saline at 
pH 3*0, A; pH 5*0, B; pH 6*9, 0; pH 8 0, D. 

alkaline reaction. It is clear that on the acid 
of neutrality tha A-substance is definitely more 
stable, although considerable loss in viscosity takes 
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place on prolonged heating, even at pH 5*0 or 6*9. 
It is evident that such treatments induce a greater 
or lesser degree of physical degradation according 
to the conditions selected. The profound influence 
of some of these methods of treatment on the 
capacity of the A-substance to inhibit isoagglutina- 
tion is shown in Table 5 and is discussed later. 

An aqueous solution of the A-substance does not 
- precipitate when treated with an equal volume of 
2 % solutions of the following reagents : picric acid, 
trichloroacetic acid (10%), aluminium sulphate, 
phosphotimgstic acid (with or without 5 % HgSO^), 
lead acetate, ferric chloride, potash alum, Fehling’s 
solution and silver nitrate. The addition of 0*01 M 
mercxiric acetate, however, causes immediate gela- 
tion. Similarly, the addition of an equal volume of 
0‘05M borate buffer (pH 8*5) to a 1-0% solution of 
the A-substance gives rise to gel formation; the 
system, however, still retains pronounced elastic 
properties. The elastic quality may be readily 
shown by rotating a thin gelatinous solution in a 
suitable vessel and observing the return motion that 
follows immediately the original rotational motion 
has stopped. Air bubbles rising through a gel pre- 
pared in this manner from a 1 % solution assume 
a pear shape, the tail of each bubble remaining 
attached to the bottom of the container and be- 
coming long and thin as the bubble slowly rises to, 
the surface. The sol -gel change is reversible. Dia- 
lysis of the gel at 0° against distilled water leads to 
the formation of the original viscous solution ; the 
addition of borate buffer will again give rise to a 
firm, elastic gel. These reversible sol-gel changes do 
not occur with degraded preparations of the A-sub- 
stance. 

Chemical composition. The A-substance gives ho 
positive colour test when treated directly with 
p-dimethylamino-benzaldehyde but gives rise to a 
strong purple colour if previously heated at 100° 
with 0-05N NagCOs 6 min., according to the 
method of Morgan & Elson [1934]. The colour de- 
veloped is^ equivalent to that given by a content of 
12-13 % of N-acetylglucosamine. This high value 
was difficult to explain in view of the fact that the 
preparations of A-substance showed only 0-4-0-6 % 
of reduction by Somogyi’s [1926] copper reductipn 
method. In order to determine the N-acetylhexos- 
amine colorimetrically, however, the A-substance 
must be heated with 0-05N NaaCOg and it was 
found that during this treatment the reducing 
power of the substance increased rapidly to a value 
between 3*0 and 3' 5% for different preparations. 
Heating for 6—30 min. gave rise to a maximum 
figure of 3* 6% reduction. The reducing, power of 
N-acetylglucosamine, determined by the above 
method, is equivalent to 27 % of an equal weight of 
glucose ; therefore, if we assume the whole of the 
reduction (3*3 % average value) is due to N-acetyl- 


glucosamine, then the N-acetylglucosamine colour" 
should be equivalent to 1 2- 2 % N -acetylglucosamine, ' 
whereas values between 12 and 13 % were found for, 
different preparations. Several complex polysac- 
charide substances that were known to contain 
hexosamine units, such as hyaluronic acid, choii- 
droitinsulphuric acid and the O somatic antigens of 
Shigella dysenteriae and 'Eherih; typJiosa, as well as 
the simple methylhexosides, N-acetyl- and N- 
benzoylmethyl glucosamides, failed to give any 
colour when tested with Ehrlich’s reagent after 
heating with 0-05N NagCOg. These results suggest 
that within the A -polysaccharide complex there 
exists an alkali -labile glycoside linkage involving 
the first carbon atom of the N-acetylhexosamine 
component. We have observed that the reddish 
purple colour develops with the A -polysaccharide 
rather more slowly than with N-acetylglucosamine; 
colorimetric readings should, therefore, be taken at 
the end of 90 min., rather than after 45 min. as 
originally suggested. An identical colour reaction, 
representing 10-11 % N -acetylglucosamine, is given 
by the formamide -degraded A-substance. 

The immunological properties of the A -substance 

A measure of the distribution of the blood group 
A-substance throughout the different fractions 
^arising during the process of isolation was obtained 
by means of the ability of the A-factor to (1) inhibit 
isoagglutination and (2) prevent the haemolysis of 
sheep erythrocytes by an anti-A rabbit immune 
.serum. 

The isoagglutination inhibition test was carried out as 
follows. Biminishing concentrations of the preparation 
under test (0*1 ml.) were mixed with 0*1 ml. of a human 
anti-A (a) -serum, representing in amount 3-4 completely 
agglutinating doses, and allowed to stand at room tem- 
perature for 1 hr. Freshly drawn A-erythrocytes (0-5% in 
0*9% NaCl) were then added (0-1 ml.). The mixtures were 
thoroughly shaken, set aside for 2 hr. at room temperature 
and then examined for isoagglutination. The dilution of 
the A-preparation allowing minimal agglutination— that is, 
a few groups of 2-3 cells present in an otherwise unagghi- 
tinated microscopic field — was taken as the end-point of 
inhibition. The sterile anti-A serum, used as a standard 
a-agglutinin reagent throughout the investigation, wa.s 
stored without antiseptic in sealed ampoules at - 20® 1 The 
serum was tested from time to time against the eiythrocytes 
of four group A^ persons of average sensitivity, working in 
the laboratory ; the agglutination end-point remained con- 
stant, throughout the investigation, at a dilution of 1 :192. 

An additional check on the inhibition test was obtained 
including a ‘ standard ’ purified gastric mucin preparation 
in each batch of tests; the inhibition titre obtained with 
this material remained unchanged over a period of 2 yoavH. 

The haemolysis test was made as follows. Bilutions of 
the gastric mucin (0*5 ml.) were mixed with 2-3 minimal 
haemolytic doses (m.h.b.) of anti-A rabbit immune serum 
(0-5 ml), and 0*5 ml. of 1:10 dilution of fresh guinea-pig 
complement was added to each tube. The mixture was 
incubated at 37° for 1 hr. and 0*5 ml. of a 4% suspension 
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of waslied sheep red cells was added. The greatest dilution 
of the x|-preparation allowing just visible haemolysis to 
occur was taken as the end-point of the haemolysis inhi- 
bition. The control tube containing saline In place of the 
gastric mucin dilution shelved complete haemolysis in 
30 min. Because of the variable nature of the haemolytic 
system all the results given in Table 6 were obtained in 
a single experiment and are therefore strictly comparable. 

The results of titrations by both serological tests 
are given in Tables 5 and 6. The end-point of inhi- 
bition of isoagglutination given by preparation 
GM. 280, which was jDrepared by aqueous extraction 
of the crude mucin (method 1), is not significantly 
different from that given by preparation GM. 240, 
wdiich was obtained by the use of 90 % phenol 
(method 2). The first traces of isoagglutination 
appear in the tube containing Ovl ml., of a 1:6*4 x 10® 
(GM. 240) or 1:1*28 x 10^ (GM. 280) dilution of the 
A -preparation. The absolute amount of the A-sub- 
stance present is about 0* 1 ^g. It will be observed 
from the results (Table 5), however, that heating 
these preparations in neutral saline at 100° for 
120 min. causes a decrease (50-75%) in the powder 
of the preparations to inhibit isoagglutination. 
Similarly, treatment with 2% NagCOg at 70° for 
15 min. reduces considerably the activity of the 
preparation, and treatment with formamide at 150° 
for 1 hr. destroys more than 95% of the power of 
the preparation to inhibit isoagglutination. A 1 % 
solution of the A-substance in 0-05N NagCOg shows 
less than 1 % of the original activity (inhibition of 
isoagglutination) after heating at 100° for 15 min.- 
After heating at pH 3*0, 6*9, 5*0 and 8*0 in sealed 
ampoules for 5 hr. at 100°, the capacity of the 
A-polysaccharide to inhibit isoagglutination fell to 
12, 25, 25 and 2 % respectively of the original value. 

When the serological activity of the A-prepara- 
tion is measured by the haemolysis inhibition test, 
however, a different picture is presented (Table 6). 
Again the serological activity of the imdegraded 
material prepared by either method appears to be 
the same, and the absolute amount of A-substance^, 
giving rise to almost complete inhibition of haemo- 
lysis when mixed with 2-3 m.h.d. of an anti-A 
rabbit serum prepared against human erythrocytes, 
is about 0*01 jtig. Treatment with 2 % HagCOg at 70° 
for 15 inin., with formamide at 150° for 1 hr. or 
with neutral saline at 100° for several hours, how- 
ever, causes no destruction of the capacity of the 
preparation to inhibit haemolysis. Indeed, it will 
be seen that a slight increase in activity occurs on 
heating the A-substance at 100° for 2 hr. An in- 
crease in activity of this order for formamide-treated 
material has already been reported by -Landsteiner 
Harte [1940]. The use of an anti-serum (rabbit) 
to gastric mucin (2-33d:.H.D.), in place of the anti-A 
er^dhrocyte serum gave similar results [Morgan, 
1943].' '■ 


1943 

A specimen of the purest preparation of A-siib- 
stance was tested for antigenicity in rabbits, 0* 1 or 
1*0 mg. being injected intravenously at 3-4 day 
intervals. After three or six doses, serum samples 
. were collected 7 days after the last dose arid titrated 
for anti-A imimme body by means of the agglutina- 
tion reaction with fresh human A-erythrocytes. In 
no instance was any significant rise in anti-A (a)- 
agglutinins recorded. An account of the immuno- 
logical properties of the purified A-substance is 
given in greater detail elsewhere. It will suffice here 
to state that the conversion of the A-substance into 
a full antigen possessing A specificity has already 
been accomplished [Morgan, 1941; 1943]. 

Attempts to remove the amino -acid -co'n^^ 
components from the A -suhstemee 

In some respects the chemical nature of the A- 
substance resembles that of the O antigens of 
certain gram-negative bacteria. These biologically 
important complexes contain a large proportion of 
polysaccharide, a conjugated protein component 
making up the remaining part of the structure 
essential for the manifestation of antigenicity. 
Earlier work [Morgan & Partridge, 1940; 1941; 
1942; Partridge & Morgan, 1940] on the nature of 
these substances has shown that in certain instances 
the bacterial antigenic complex can be dissociated 
into its component molecules by special means, and 
this Imowledge suggested that the A-substance 
should be submitted to similar procediu-es with the 
hope of attaining a complete or partial dissociation 
of the component molecules. The methods employed 
and the results obtained are briefly described. 

Fractionation from phenol solution. A-siibstanee (2-0 g.) 
was treated with 250 ml. of 90% phenol, allowed to stand 
for 24 hr. and spun for 1 hr. in a Sharpies centrifuge. Tlie 
thin gelatinous substance which collected on the -wails of 
the centrifuge bowl, and which represented the portion of 
the A-substance that was less readily soluble in phenol, 
was washed -with ethanol to remo\’-e plieriol, and dried. It 
w.^eighed 0*83 g., possessed [ah^ei -f 13°, contained 5*8% N 
and show’-ed a relative viscosity in saline of 2*85. The 
dilution that showed almost complete inhibition of iso- 
agglutination was 1 :6*4 xTO®. The phenol supernatant fluid 
was dialyzed until free from phenol and evaporated in vacuo 
to dryness. The material recovered w*eighed 0*56 g., showed 
M 546 i + S°, contained 5*4% N and w^as only slightly less 
active than the original material in inhibiting isoagglutina- 
tioh. Relative viscosity, rj, 1-59. 

It has been obseiwed that dry preparations of 
the puiified A-substance prepared b\' eithei* of the 
methods described are never completely soluble in 
90 % j^henol, although originally the material was 
readily soluble in liquid plienoi of this strengtli and 
could be repeatedly" dissoh-ed in the soK'ent and 
precipitated by the addition of 10% ethanol. The 
fractional extraction of tlie purified and dry A- 
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‘ substance with 90 % phenol indicates that the pre- 

paration if? most probably chemically homogeneous, 
but is certainly not homogeneous with . regard to 
J particle size. The high viscosity of the phenol- 

f ^ insoluble portion when dissolved in neutral saline 
! suggests that the A-substance is present as long 

chain aggregates of considerable molecular size, 

; whereas the low viscosity of the phenol soluble 

portion indicates that this material consists of de- 
<: pol;^maerized aggregates having small er chain lengths 

in aqueous solution. 

Fractionation from forma, mide solution. The A-prepara- 
tion (3-0 g.) was dissolved in 125 ml. of anhydrous form- 
amide, cooled to and treated with an equal volume of 
ethanol previously cooled to -20°. No precipitate was 
formed up to 45 % (v/v) ethanol but a considerable amount 
of material separated wdien the ethanol concentration was 
increased to 50 % . The preparation was collected and the 
material remaining in the ethanol-formamide was recovered 
hy dialysis and, evaporation. The substance thrown out of 
solution by ethanol was again dissolved in formamide, and 
the precipitation repeated. The thrice precipitated material 
weighed 1-1 g., showed [a] 546 i -hl6°, contained 5-4% N and 
was active in inhibiting isoagglutination at a dilution of 
1:6-4x10^; rj, 2*87; ash, 0*4%. The material recovered 
from the combined ethanol-formamide solutions weighed 
1*07 g., showed -t- 18°; 5-7%; 77 , 1-57; and was, 

by both serological tests, as active as the original material. 

Fractionation from aqiieons ^solution by organic solvents. 

, A 1*6% solution of the A-preparation was used in each 

I experiment. Treatment with acetone gave rise to two 

I fractions, collected over the ranges 39-41% (v/v) and 

I 41-50% (v/v) of acetone. Practically the whole of the 

I material was precipitated by ethanol between the levels 

I 47-50% (v/v) and by acetic acid between 90 and 92% 

i (Wv). ,Iii each instance, however, the precipitated products 

? possessed the same specific rotation, N content and sero- 

logical titre as the original material. 

Fractionation with ammonium sulphate. A-substance 
I (5 g.), dissolved in 300 ml. water, was fractionated hy addi- 

tion of solid ammonium sulphate. Up to 72% of satura- 
tion, only a small amount of material separated, and this 
appeared to be similar to the original preparation. The 
; main bulk (2*74 g.) of the A-substance was precipitated 

on raising the ammonium sulphate concentration to 81% 

I. of saturation. The material was collected, dialyzed free 

' from the salt, precipitated with ethaiiol and dried in vacuo. 

] The properties, 4- 13° ; N, 5*4 % , of this fraction were 

substantially the same as those of the original material. 
i Eemoval of the salt from the 81 % saturated supernatant 

fluid by dialysis and recovery of the material, however,- 
gave rise to 0*62 g. of matebal, which was of low serological 
activity as measured hy the isoagglutination inhibition 
test. The substance showed, [a] 54 g 4 - 14°, and possessed a 
relatively low N content (4-6 %). The main fraction (2*74 g.) 
v'as redissolved in water and again fractionated as above, 
yielding a further 0T2 g. of similar material showing laevo 
rotation and low N. A third fractionation of the main 
i' fraction gave an additional small quantity of material 

showing similar properties, [a] 546 i - 5° N, 4-3 % , and pos- 
[ sessing very low activity measured according to the iso- 

: agglutination and isohaemolysis inhibition tests. At first 

.it was thought that these fractions, -which w'-ere readily 
soluble in high concentrations of ammonium sulphate^ and 


differed sharply from the original A -substanee in chemical 
and serological j^roperties, might represent the partly sepa- 
rated polysaccharide component of the A-substance. No 
definite evidence for this conclusion has, how^ever, been 
obtained. 

The above experiment 3 flelded a highly purified sample 
of the A-substance. This material, thrice fractionated with 
ammonium sulphate, showed the following properties ; 
M 5461 + 12°; N, 5*63 %; 77 , 2*59: maximum dilutions showdng 
almost complete inhibition of isoagglutination, 1 :6*4 x 10^, 
and of haemolysis 1 :32 x 10^% respective^. 

Fractionation with ammonium sulphate from alkaline solu- 
tion. The teclmique was similar to that described above, 
but after each addition of the salt NaOH wars added to 
maintain allcalinity. Onl}?- a single fractionation was per- 
formed. The results were similar to those obtained with the 
neutral solution of the material described above. The small 
fraction (5 %) soluble in' high concentrations of the salt 
sho-wed the following properties [a] 546 i - 27°; N, 4*6 % . The 
activity of this material, as measured by both serological 
tests, showed only a few per cent of the original value. 

Fractionation after heating with acetic add. The possi- 
bility of separating the amino -acid component from the 
A-substance after degradation of the complex by heating 
-with dilute acetic acid was investigated. A T6% solution 
(100 ml.) w^as heated at 100° wdth 1% acetic acid for 2 hr. 
The opalescence of the solution increased until it became 
quite opaque, hut no material separated from solution. 
Without neutralization of the acid the solution was treated 
with ammonium sulphate. The first and main fraction was 
thrown out of solution between 70 and 85% saturation 
with the salt. This material separated, during dialysis, into 
a water-soluble and a water-insoluble part; the latter frac- 
tion, however, dissolved readily on the addition of a little 
NagCOg. The w^ater insoluble -material weighed 0*55 g., 
sho-vved [a] 546 i -l- 9°, contained 5*9% N and was as active 
in the inhibition of haemolysis as the original material. 
The water-soluble fraction showed a lower relative viscosity 
( 77 , 1‘37) compared with the original unheated material 
( 77 , 2*83), the rotation was somewhat higher, [a] 546 i + 20°, 
and the N content was unchanged (5*6%). This material, 
apart from being degraded by treatment with hot acetic 
acid, was essentially unchanged chemically, but the capa- 
city to inhibit isoagglutination was only about one- quarter 
of the original value. Once again the small fraction of the 
original material soluble in high concentrations of am- 
monium sulphate (above 85% saturation) showed a laevo 
rotation, ^5404 - 20 °, a somewhat lower N (4*9%) and was 
only weakly active in the isoagglutination and haemolysis 
inhibition tests. 

The action of trypsin. A purified preparation of gastric 
mucin A-substance (1 g.) was dissolved in , 100 ml. of 15% 
urea solution and the pH was adjusted to about 9*0 -with 
NagCOa. Commercial trypsin (100 mg.) was then added 
and the mixture incubated at 37° for 6 hr. The solution 
was then dialyzed at 0° to remove urea, and concentrated 
to about 10 ml. Solid ammonium sulphate was added with 
thorough mixing and three fractions were removed. A small 
amount of material (45 mg.) separated on the addition of 
ammonium sulphate up to 72 % of saturation. The material 
contained 5*5% N but was not clear enough for polari- 
metric examination even after the addition of alkali. The 
second and main fraction (0*62 g.), separating between 72 
and 79 % saturation, contained 5*6 % N and . showed 
Wswi + 12°. A small amount of material (60 mg. N, 4*7 %) 
separated between 79% and full saturation at 18°, and a 
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further 65 mg. of material was finally recovered from the 
saturated amnioniiim sulphate solution. All fractions, with 
the exception of the last (not tested), showed no very 
significant change in serological activity. The treated 
material, however, had a lower viscosity (2-17) than the 
original preparation. 

Treatment with chloroform-amyl alcohol. A 2% solution 
of A-substance + N, 5*70%) was shaken with 

an equal volume of CHClg-amyl alcohol mixture according 
to the method of Sevag [1934], The aqueous layer, after 
several treatments with the CHCIg-amyl alcohol mixture, 
was fractionated wfith ammonium sulphate. The main 
fraction, 63 % of the original material, separated between 
73 and 82 % of salt, showed a specific rotation [a] 546 i + 12*^ 
and contained 5*25 % JST. An additional 10% was recovered 
from the supernatant fluid. This fraction showed a lower 
IST content but w^as otherwise similar to the main fraction. 
Both materials gave inhibition of isoagglutination at a 
dilution of 1 : 6-4 X lO'b 

It would appear that the application of the tech- 
niques described have in no instance succeeded in 
removing the amino-acid components from the 
polysaccharide moiety of the A-substance. The 
application of certain of these procedures, however, 
removes about 5 % of material which shows a laevo 
rotation arid possesses a lower IST and a considerably 
diminished specific activity when compared with 
the purified A-substance. 

Acid hydrolysis of th^ A -substance 

The A-substance is readily hydrolyzed by heating 
in N HCl at 100°. Complete liberation of the com- 
ponent amino-acids, however, is only attained after 
hydrolysis with 6N HCl. The hydrolysis was carried 
out in sealed ampoules, samples being removed 
from time to time and immediately neutralized. 


during hydrolysis was followed by Van Slyke’s 
method [1929] and it is to be noted that any free 
amino -groups liberated through the elimination of 
the acetyl groups from N-aeetyihexosamine are in- 
cluded in the results. The amino -acids set free 
during the hydrolysis were estimated by the method 
of Van Slyke & Dillon [1938] as modified by Van 
Slyke, Dillon, MacFadyen & Hamilton [1941] and 
the results are expressed as ‘carboxyl-Nb Glucos- 
amine is not determined imder these conditions. 
‘Hexosamine’ was determined according to the 
method of Elson & Morgan [1933] and is expressed 
as glucosamine. N-acetylglucosamine was found to 
be converted almost completely to glucosamine by 
heating with N HCl at 100° for 2 hr. Heducing 
substances reach a maximum value after about 
4 hr. heating, whereas the optical rotation, the 
‘hexosamine’ and the amino -H reach maximum 
values between 6 and 12 hr. hydrolysis. The maxi- 
mum figure for amino -acid is reached only after 
several hours’ heating with 6N HCl. 

The maximum figui’es for amino -acid N (2*2 %) 
and for hexosamine -N (2*3 %) are together approxi- 
mately equal to the maximum amino -N value 
(4*5%). During the early stages of the hydrolysis, 
however, the total Amino-ISr value (Van Slyke’s 
method) is greater than the sum of the amino -acid 
and hexosamine figures. This is most probably due 
to the fact that the Van Slyke method assays the 
'terminal NHg groups of polypeptides, whilst the 
amino -acid determination (ninhydrin method) is 
specific for free amino -acids only. There remains a 
considerable discrepancy betw''een the maximum 
amino-H value (4*5%) and the total H of the pre- 
paration (5*7%). If, however, all the N (3*5%) not 


Table 7. The hydrolysis of A-suhstance by HCl at 100° 


Beducing 

Time of power Nitrogen (%) 


noia 

strength 

neating 

(hr.) 

L0<^J54(n 

(C = 1<%,J = 1) 

(glucose 
= 100). 

Hexosamme'^ r 
(%) 

Total 

A 

a-Amino 

Amino -acid 

"N 

Hexosamine 

N 

0 

-f0*ir 

0*5 

0*0 

5*72 

0*19 

0-0 

0-0 


1 

+ 0*35° 

45 

24*3 


3*14 

0*19 

1*90 


6 

+ 0*52° 

50 

26*9 

— 

4*02 

0-46 

2*05 


12 

-i-0'5r 

45 

27*3 

— 

4*20 

0*80 

2-17 


24 

+ 0*50° 


26*6 

— 

4*29 

1-32 

, 2*24 

“"6N'' 

1 

+0*44° 

42 

27*0 

__ 

4-27 

0-99 

2*19 


6 

40*32° 

43 

24*0 

— 

4*55 

2-17 

, 1*88 


12 

-F0*24° 


— 

— 

3*66 

1*75 



* Estimated by the colorimetric method. 


The analytical figures obtained during the course of 
the hydrolysis of a typical preparation are given in 
Table 7. The figures largely confirm the results 
obtained earlier by Landsteiner & Harte [1940]. 
The reducing power was determined by Somogyi’s 
modification [1926] of the Shaffer & Hartman 
method [1921] and the results are expressed in 
terms of glucose. The liberation of a-amino groups 


accoimted for as hexosamine is assumed to be in 
the amino-acid component, it follows that the latter 
comprises about 3*5 x 6*4 or 22 % of the total com- 
plex. The maximum figure obtained for reducing 
substances is 52 %, calculated as, glucose. ' Difieren- 
tiation of the reducing substances into fermentable 
and non -fermentable components by tlie rapid yeast 
‘absorption’ naethod of Harding & Selby [1931] 
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revealed that the fermentable sugar did not exceed 
3-4 % of the maximum reducing substances at any 
stage of the hydrolysis. If the hexosamine present 
is considered as glucosamine, which has quantita- 
tively the same reducing power as glucose under 
the conditions of estimation emploj^ed, then the 
hexosamine accounts for 27 % of the reduction. If 
the remaining reduction (25%) is assumed to be 
due to galactose, then this sugar is present to the 
extent of 32 % , since its reducing power, relative 
to glucose, is only 72%. Qualitative tests for the 
presence of individual amino -acids show that tyro- 
sine and cysteine are absent or present in very 
small amoxmts. 

DISCUSSION 

The isolation of the specific A-polysaccharide sub- 
stance from crude gastric mucin by methods that 
avoid the use of mineral acid or of alkali, and enable 
the isolation procedures to be carried out at normal 
temperatures, is described. 

The methods give an excellent yield of a sero- 
logically active polysaccharide -amino -acid complex, 
which possesses in full the property shown by crude 
gastric mucin of inhibiting the isoagglutination of 
A-erythrocytes by natural anti- A (a) -agglutinin 
(human), retains completely the high viscosity of 
the original mucin, and is essentially homogeneous 
when examined at pH 4*0 or 8*0 in the Tiselius 
electrophoresis apparatus. The material can be con- 
sidered as the blood group A-substance largely in 
its imdegraded state and it is noteworthy that these 
two radically different methods for the isolation of 
the active substance yield apparently identical 
products. 

The A-substance prepared by either method is 
similar in composition to that described by Land- 
steiner & Harte [1940]. There are, however, a 
number of important differences in the physical and 
serological properties of our preparations of A-sub- 
stance and those described by other workers. 
Preparations of A-substance made by either of the 
methods described in this paper show not only high 
serological activity, as determined by the inhibition 
of isoagglutination, but also considerable viscosity, 
and the property of forming an elastic gel on the 
addition of borate buffer at pH 8*5, The latter 
property is readily lost and it has been found that 
even slightly degraded preparations of the A-sub- 
stance fail to form an elastic gel on the addition of 
the borate buffer. Thus, the addition of this reagent 
to a solution of A-substance will reveal at once 
whether the material has been degraded during the 
course of its preparation. In addition to the rapid 
decrease in the viscosity of the A-substance that 
arises from heating solutions of the substance, there 
is a steady fail in the capacity of the preparation 
to inhibit the isoagglutination of A-cells by either 


natural human anti -A (a) -agglutinin or by the 
anti-A agglutinin of rabbit immune serum. The 
insensitive natui’e of the agglutination reaction as 
usually carried out, with progressively doubled dilu- 
tions of the A-substance, does not allow small 
changes in the capacity of an A-preparation to in- 
hibit isoagglutination to be observed. For this 
reason it is not possible to detect a decrease in the 
power of a preparation to inhibit isoagglutination 
when the destruction is much less than 50 % of the 
original value. Nevertheless, it is apparent that 
heating at 100^ or simple sterilization at 120° in 
neutral solution causes a loss in isoagglutination 
inhibiting activity, whereas almost complete de- 
struction of this particular serological activity is 
brought about by heating with formamide or warm- 
ing with dilute sodium carbonate. Although ex- 
posure to these conditions leads to drastic loss in 
viscosity and almost complete destruction of the 
power to inhibit isoagglutination, it is of interest 
to find that the resulting substance in each instance 
shows michanged the property of inhibiting the 
haemolysis of sheep cells by anti-A rabbit immune 
serum. Indeed, there is evidence that heating with 
formamide may even increase this particular ac- 
tivity, as was originally observed by Landsteiner 
& Harte [1940]. These workers stated that the 
increase in anti -lytic activity is most probably due 
to a structural change, since 95 % of the starting 
material with about twice the potency could be 
recovered after this treatment. Jorpes & Norlin 
[1933; 1934] and Jorpes [1934] reported that the 
action of trypsin on the blood group A factor in 
human urine considerably decreased the anti-agglu- 
tinating activity but that the anti-lytic activity 
was not destroyed. They found that anti-agglu- 
tinating and anti -lytic factors could foe separated 
by precipitating the anti -agglutinating factor from 
solution by tannin. Jorpes & Norlin consider that 
the anti-agglutinating factor is in this instance 
protein in nature, the anti-lytic substance being 
essentially polysaccharide. With material of high 
anti-lytie activity, we have not so far detected any 
chemical difference between preparations of the 
A-substance that show high or low activity in in- 
hibiting isoagglutination and Landsteiner & Harte 
[1940] reported that they were unable to effect a 
separation of the A-substance into material showing 
different chemical and serological properties. De- 
gradation of the native A-substance imder the con- 
ditions devised by earlier workers for its isolation 
and purification almost certainly accounts for the 
low viscosity and much decreased power to inhibit 
isoagglutination, both of which are recorded in the 
literature for purified preparations, whereas the 
stability of the haemolysin-inhibiting property, 
when exposed to similar conditions, offers an ex- 
planation for the preservation of the intense anti- 
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haemolytic activity of these preparations. It must 
be emphasized- that up to the present the prepara- 
tions of A-substance, used by different workers, 
have been obtained almost exclusively from one 
source. This material, Wilson’s gastric mucin (Type 
i701-W), is the one most commonly used by 
bacteriologists for enhancing the virulence of bac- 
terial eultures. We have examined one specimen of 
gastric mucin obtained in this country from Light 
and Co. and have found it to be very similar to the 
Wilson product. It is not known to what extent 
the A-factor in these commercial materials is de- 
graded during their preparation. Our observations 
on the ease with which certain properties of the 
A-substance are destroyed suggest that fiuther in- 
vestigation of the properties of native gastric mucin 
should be undertaken with respect to its power to 
inhibit isoagglutination and A specific haemolysis 
and the relation of these activities to viscosity and 
po-wer to increase the virulence of bacterial cultiues. 
It is of interest that we have isolated from the fiuid 
of pseudo-mucinous ovarian cysts a polysaccharide 
complex that is two or tluee times as active in 
inhibiting A -isoagglutination as the most active 
material isolated from hog gastric mucin. This ma- 
terial is, however, less viscous than hog gastric 
mucin A-substance. 

It is not possible to compare acciuately the 
activity of our preparations with those of other 
workers, because in many instances little or no 
indication is given of the strength of the anti- A 
(a) -agglutinin or of the anti -A rabbit haemolysin 
used in the tests. By replacing our test dose of 
anti -A (a)-serum by a quantity of serum only^ just 
sufficient to give complete agglutination of the 
A-cells used in the test, we found the amount of 
A-substance giving rise to a significant although 
incomplete inhibition of isoagglutination to be 
about 0-01 ug- Similarly, haemolysis -inhibition tests 
in which Im.h.d. only of the lytic agent was em- 
ployed showed that as little as 0-001 /xg. of the 
undegraded A-substanee could be detected. Smaller 
absolute values which are, however, of doubtful 
value, can readily be obtained if the same pipette 
is used throughout to make the serial dilutions of 
the A-substance. 

The question arises as to why the A-substance, 
which contains amino-acids as an integral part of 
the molecular complex and is superficially analogous 
to the 0 antigens of certain bacteria, is not itself • 
antigenic. Closer examination shows, however, that 
the A-substance is not truly analogous to these 
bacterial antigens, which appear to be large poly- 
molecular complexes built by the combination of 
polysaccharide and protein molecules through se- 
condary valenc^r bonds. Some of these biologically 
important aggregates can be dissociated into their 
component molecules with complete loss of the i 


original specific antigenic property. The A-sub- 
stance, however, is not separable into its component 
molecules by these procedures and it would appear, 
therefore, that the amino -acid components are in 
this instance more firmly linked, most probably by 
normal primary valency bonds, to the carbohydrate 
imits of the polysaccharide molecules, Fiutlier- 
more, it seems probable that the amino-acids are 
present either as single molecules or as short poly- 
peptide chains and that the A-substance does not 
in fact contain an inta-ek protein component, , In 
support of this suggestion it has been shomi that 
the A-substance can be converted into a full antigen 
that gives rise to specific A immmie-body, by com- 
bination with a suitable protein molecule. The con- 
ditions employed to synthesize this functional poly- 
molecular aggregate suggest that the component 
molecules — A-substance and conjugated protein — 
are held together by secondary valency bonds only. 
An additional factor, however, that may well be 
responsible for the non-antigenicity of the A -sub- 
stance, is its lack of tyrosine. The absence of this 
amino -acid has generally been considered to render 
a protein devoid of antigenic properties, although 
some evidence against this view has recently been 
given. 

The preparation of the pmified A-substanee in 
large amounts has permitted an investigation into 
the nature of the constituent in commercial gastric 
mucin that is responsible for its ‘virulence exi- 
hancing’ power, a property which bacteriologists 
and irnmimoiogists have put to much practical use 
dming^the last few years. The undegraded A- 
substance appears to possess ‘ virulence enhancing ’ 
properties, whereas all other substances in gastric 
mucin, including the phenol -soluble protein com- 
ponent, are inactive in this respect. Any treat- 
ment, however, such as sterilization by heat, wliieli 
destroys the viscosity of the A-substance and 
reduces tlie capacity of the preparation to inhibit 
isoagglutination (even when the power of the result- 
ing material to inhibit the haemolysis of sheep cells 
by anti-A serum is completely retained) leads to 
destruction of tlie ‘ virulence enhancing ’ property. 

' SUMMARY. 

1 . Two methods are described for the isolation 
from crude gastric mucin of a polysaccliaiide- 
amino-acid complex showing intense blood group 
specificity. 

2., The undegraded A-substanee, which is essen- 
tially homogeneous, gives rise to sligiitly opalescent 
1% aqueous solutions that show considerable vis-, 
cosity. The substance inhibits, in extremelj' small 
amounts, specific isoagglutination and haemolysis 
of sheep cells by specific anti-A rabbit immune 
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ADDENDUM 

Electrophoretic Examination of A-substaiice from Gastric Mucin 
By R. a. KEKViMCK 


Three preparations of A -substance from gastric 
mucin (210, 240, 321) were examined in the 
Tiselius U-tube at 0° with the diagonal schlieren 
jstem for optical observation. Samples of the 
dried preparations were dissolved in buffers to give 
2% solutions and dialyzed in cellophane membranes 
at 2° against several changes of the same buffer. 
Buffers used were acetate, pH 4-0, fi=:0A, phos- 
phate, pH 8-0, ju = 0-l and phosphate-HaCh buffer 
pH 8-0 (phosphate p=:0-l + HaCl /x = 0*15). In all 
these buffers very viscous solutions were obtained, 
which gave a considerable light scattering. 


In all samples, both at pH 8-0 and, pH 4-0, a 
single component accounted for 90% of the total 
refraction, the remaining 10 <% being associated 
with a somewhat ill-defined contaminant. 

^ In pH 8-0 phosphate buffer /x=0vl, the migra- 
tion was anodic, ^ = 0*4 x 10~5 cm.^ sec.-^ V.-^, and 
in pH 4*0 acetate buffer jU,=H)-l a very slight 
cathodic migration occurred. Under each of these 
conditions the descending boundary remained 
sharper than the ascending, the reverse of what is 
usually observed, and this presumably was due to 
the high viscosity of the solution. 
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Studies on the ‘Fermentation’ of Ceylon Tea 

4. ESTIMATION OF THE OXIDIZING ENZYME ACTIVITY 

By H. B, SREERANGACHAR, Tea Research Institute of Ceylon, Talawakelle 

(Received 8 July 1943) 


In OUT previous studies [Lamb & Sreerangachar, 
1940cj, 6] the oxidizing activity of the tea-leaf 
enzyme was measured by following the changes in 
the tannin content of an enzyme -substrate reaction 
mixture by the iodine titration method. In stressing 
the limitations of this method it was stated that it 
did not aiford any indication of complex changes 
such as condensation, and there existed a possibility 
that the results were subject to an error due to 
these causes. 

The oxidizing enzyme in tea leaf is a polyphenol 
oxidase and ascorbic acid is only indirectly oxidized 
in the presence of a suitable polyphenol. The func- 
tion of the polyphenol in this reaction is that of an 
oxygen carrier, and its permanent oxidation be- 
comes noticeable only after the complete oxidation 
of all ascorbic acid. The o-quinones are continually 
removed from the sphere of reaction and therefore 
their condensation cannot occur as long as there is 
an excess of ascorbic acid in the system. The ascorbic 
acid reaction thus provides the basis of a more re- 
liable method for measuring enzyme activity in the 
tea-leaf enzyme preparation. Ezell & Gerhardt 
[1940] have likewise employed ascorbic acid as a 
substrate in the determination of oxidase activity 
in fruits and vegetables. 

EXPERIMENTAL 

Enzyme preparation and properties. The enzyme prepara- 
tion employed in this investigation was obtained by grinding 
tea leaf with sand under acetone, w'ashing until free of aU 
colouring constituents and rapidly drying under vacuum. 
This acetone-prepared leaf powder was aU but polypheiiol- 
free and exerted only a very weak oxidizing action on pure 
2-ascorbic acid. Gradual removal of the associated poly- 
phenols from this tissue powder rendered the enzyme pro- 
gressively inactive towards ascorbic acid. Thus on extrac- 
tion with water and exhaustive washing, a large fraction of 
the residual tannin was removed and the ascorbic acid 
oxidation activity feU markedl}^ Aeration for 2-3 hr. of 
a suspension in water of the extracted enzyme powder did 
not remove any further quantities of potyphenol; grinding 
the extracted powder with sand and water, filtering and 
washing resulted in the material still giving a positive ferric, 
chloride reaction for tannin substrates. However, when 
the ground mass was treated with an excess of a dilute 
solution of ascorbic acid it was found possible to extract 
completely the last traces of polyphenol. The ascorbic acid 
oxidation activity of this final i}reparation is almost negli- 
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gible. Table 1 gives results showing both the polyphenol 
oxidase activity on a prepared tea-tannin substrate solution 
measured iodometricaliy and the ascorbic acid oxidation 
activity estimated by the use of the 2:6-dichloropheuol- 
indophenol method at the above different stages of extrac- 
tion. The reactions were all carried out in presence of 
Mcllvaine’s buffer at pH 5-4. 

Table 1. Effect of polyphenol removal 
on enzyme activity 

Activity/OT g. 
enzyme powder 

f ^ 

Poly- Ascorbic 
phenol acid 
oxidase oxida- 
activity tion 
{4 hr.) (5 min.) 
(ml. (mg. 
^1^20 ascorbic 

Extraction stage NagSgOg) acid) 


1. Unextracted powder 

10*5 

0-29 

2. After extraction with Mcllvaine’s 

12-8 • 

0‘09 

buffer at pH 7*0 and complete 
w'ashing 

3. After aeration 

12-0 

0-07 

4. After grindhig with sand and water 

— 

0-06 

5. After treatment with ascorbic acid 

18-4 

0-002 


These results indicate that the enzyme in question is not 
ascorbic acid oxidase but that it is polyphenol oxidase, of 
which the activity increases on partial purification. Since 
the complete removal of all tissue-bound polyphenols 
renders the enzyme practically inactive towards ascorbic 
acid there can be no reasonable doubt that the ascorbic acid 
oxidation activity of the unextracted powder was due to an 
indirect action of a polyphenol-polyphenol oxidase system. 

The ascorbic acid oxidation activity exhibited by the 
enzyme in the presence of polyphenol w^as, however, found, 
to vary according to the amount of polyphenol present. It 
became, therefore, necessary to find out the optimum quan- 
tity of polyphenol that would give the maximum enzyme 
activity. Two polyphenols, catechol and amorphous tea 
tannin, were so studied and Table 2 shows the effect of their 
addition on ascorbic acid oxidation by the enzyme. The 
reaction mixture consisted of 5 ml. 0*1% ascorbic acid 
solution, 4 ml. distilled water, 1 ml. catechol or tea-tannin 
solution containing various amounts of polyphenol, and 
20 mg. acetone-prepared enzyme powder. The mixture was 
aerated for 1 hr., after which it was filtered and 5 ml. 
titrated with a standard solution of 2:6-diclilorophenol- 
indophenol. Neither 100 mg. catechol nor 20 mg. tea tannin, 
the maximum amounts of polyphenols employed in this 
experiment, gave any blank 2:6-dye titre when dissolved 
in 5 ml. A control experiment in which the polyphenol 
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solution was replaced by 20% solution of trichloroacetic 
acid was also run at the same time, and the enzyme activity 
obtained by the difference between the control and experi- 
mental values. 


Table 2. Effect of addition of polyphenols on 
ascorbic acid oxidation activity 



Catechol 



Tea tannin 


mg. 

Enzyme activity 
(mg. ascorbic acid) 

.. . A . 

r ^ 

r 

mg. 

Enzyme activity 
(mg. ascorbic acid) 

, _A ^ 

r \ 

added 


(b)^ 

added 

(a)* 

(6)* 

0 

0-27 

0-98 

0 

0-80 

0-98 

0-5 

0-82 

— 

0-5 

1-16 

— 

1-0 

0-96 

— 

1-0 

1-20 

— 

2*0 

0-92 

^ — 

2-0 

1-59 

— 

3-0 

0-98 

— . 

4-0 

1-63 

— 

4-0 

1-06 

— • 

5-0 

— 

3-77 

5-0 

1-33 

. — • 

10-0 

— 

4-06 

10*0 

1-53 

— 

20-0 

— 

5-02 

15*0 

1-94 

. — , 

40-0 

— , 

4-53 

20*0 

2-10 

' — 

— 

— 

— 

25*0 

2-22 

2-90 

__ 

— 


50*0 

. — . 

2-04 

— 

— 

— 

100-0 

— 

1-22 

. — 

— 

— 


^ (a) and (b) represent two separate enzyme preparations. 

■ The results (Table 2) show that in a total volume (10 ml.) 
of the reaction mixture either 25 mg. catechol or *20 mg. 
tea tannin gave optimum values for ascorbic acid oxidation 
activity, which is higher in the case of tea tannin than 
catechol. But as the preparation of tea tannin in pure state 
is tedious and its identity still uncertain it was thought 
desirable to employ only the more definite compound, cate- 
chol. Instead of using catechol and ascorbic acid solutions 
separately it is convenient to prepare a mixed substrate 
solution containing 0*1% ascorbic acid and 0*5% catechol. 
5 ml. of this solution, containing 5 mg. ascorbic acid and 
25 mg. catechol, are usually employed in each reaction. 

Optimum pH and temperaPm'e. The optimum conditions 
for ascorbic acid oxidation by the tea-leaf enzyme system 
are shown in Table 3. McIIvaine’s buffer at various pH 
values was employed and the reactions for determination 
of optimum temperature were carried out in a thermostat 
at pH 5-4. There was slight autoxidation of ascorbic acid 
at pH >6*0 and the values were corrected for such autoxi- 
dation errors. 

Table 3. Optimum pH and temperature 


Enzyme activity Enzyme activity 

(mg. ascorbic acid) (mg. ascorbic acid) 


pH 

Mixed 

Insoluble 

Temp. 

Mixed 

Insoluble 

enzyme 

enzyme 

rc.) 

enzyme 

enzyme 

4-0 

2-34 

2-00 

16 

M4 

1-22 

4-6 

2-48 

1*80 

21 

1-59 

1-47 

5-0 

2-85 

__ 

27 

1-79 

1-92 

5-4 

2-73 

2-53 

32 

1-26 

1-71 

6-0 

1-82 

1-84 

38 

1-06 

1-29 

7-0 

1-49 

1-13 




8-0 

1-36 

M8 





The mixed and insoluble enzymes were derived from 
difterent samples of leaf. The optimum pH for the mixed 
and the insoluble enzymes is 5-0 and 5*4 respectively, while 
both enzymes have the same Qptimum temperature, 27°. 
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Relation between soluble, insoluble and mixed enzymes. In 
earlier investigations it was showm that the activity of the 
unextracted powder was not equal to but always less than 
the sum of the activities of the extract and the residue. 
When this question was reinvestigated by the ascorbic acid 
method, it was observed that the activity of the unextracted 
powder consisted of those due to the soluble and insoluble 
enzymes. To a mixture of 5 mi. of ascorbic acid- catechol 
substrate and 5 ml. McIIvaine’s buffer at pH 5*4 the 
enzyme was added in the following forms; (1) unextracted 
powder (20 mg.), (2) insoluble enzyme from 20 mg. unex- 
tracted powder, and (3) enzyme extract (2 mi.) derived 
from 20 mg. unextracted powder. The reactions were carried 
out separately. At the end of I hr., the enzyme activities 
were estimated by titration of 5 ml. filtrates in the ease of 
solid enzymes and 6 ml. in the case of the enzyme extract. 
The results are shown in Table 4. 

Table 4. Activities of soluble, insoluble 
and mixed enzymes 

mg. ascorbic acid oxidized 


A ^ 

I II III 



I 

11 

III 

Soluble enzyme 

0*82 

0-41 

0-28 

Insoluble enzyme 

3-56 

1-41 

0-90 

Mixed enzyme 

4-32 

1-80 

1-15 


It can be concluded that the activity of the mixed enzyme 
represents the total of the soluble and insoluble enzyme 
activities, and therefore the acetone-prepared enzyme can 
be employed in any comparative study of the enzyme con- 
tents of tea-leaf samples. Condensation is eliminated in 
the present method, and it is possible that the explanation 
of the discrepancy between these results and the previous 
ones is in some way connected with this condensation 
phenomenon. 

Effect of concentration of enzyme. That the activity is 
proportional to the amount of the reacting enzyme is shown 
(Table 5) by an experiment in which the quantities of the 

Table 5. Effect of enzyme concentratioyi 

Quantity of enzyme powder Activity 

(mg.) (mg. ascorbic acid) 

5 0-3 

10 0-58 

20 M7 

40 ' , - 2-45 

60 3*57 

enzyme were varied, keeping the other conditions the same. 
The period of reaction was, however, reduced to 30 min. in 
order to compare the activities while the reaction is pro- 
ceeding briskly. 

The ascorbic acid method can therefore be employed in 
tea-fermentation studies, especially in cases where it is 
required to assess or compare the enzyme activities. Such 
an application of the method has already been made in the 
study of enzyme activity in individual bushes. 

Description of the proposed method 
and its adva-ntages' 

Acetone -prepared enzyme powder (20 mg.) is 
weighed into a 50 ml. test-tube containing 5 mi. 
Mclivaine's buffer at pH 5-0 and 5 mi. catechol- 
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ascorbic acid substrate soiiition. The mixture is 
aerated for I hr,, and 5 ml. filtrate are titrated in 
presence of 1 ml. 20% trichloroacetic acid with 
2:6-dichlorophenoi-indophenol solution standard- 
ized according to the method of Menaker & 
Guerrant [1939] for its ascorbic acid equivalent. 

A control with the same c|uantities of enzyme 
and substrate but with 5 ml. 10% trichloroacetic 
acid solution instead of buffer is also run at the 
same time. The difference between the control value, 
which provides the initial amount of ascorbic acid, 
and the experimental result gives the amount of 
ascorbic acid oxidized during the reaction or, in 
other words, the enzyme activity. It has been 
established by a separate control that there are no 
autoxidation errors in the reaction at pH 5*0. No 
difficulty has been encountered in the dye titration 
of ascorbic acid due to the normal colour of either 
the enzyme extracts from tea leaf or its juice. 

The iodometric method of measuidng enzyme 
\ activity depends upon estimations of tamiin by 
iodine titration, the limitations of which have been 
already stressed. The present method, on the other 
hand, has several advantages : (1) Both the chemi- 
cals used in substrate solution are of well-defined 
constitution and can be obtained in a high degree 
of purity. (2) The method is fairly rapid and does 
not involve the necessity of observing a standard 
time of reaction during titrations. (3) Greater 
accuracy is obtained not only in titrations but also 
from the fact that condensation errors are elimi- 
nated. (4) In iodometric titrations it was either 
necessary to obtain a completely tannin-free enzyme 
preparation or a control had to be run to determine 
the amount of buffer -extractable polyphenols. In 
the ascorbic acid method this is obviously unneces- 
sary, as polyphenols are in fact added to the re- 
action mixture. 

DISCUSSION 

Condensation changes which follow the accumula- 
tion of o-quinones in a reaction mixture can take 
place between two or more molecules of o-quinones 
themselves or between one molecule of o-quinone 
and- one or more molecules of ■ unoxidized poly- 
phenol. Such condensed products are oxidized by 
iodine relatively more slowly than the original 
polyphenols, and this fact is refieeted in an apparent 
fall in their iodine titre. Some indication of this is " 
afforded by our results on catechol oxidation by 
oxidase and peroxidase [Lamb & - Sreerangachar, 


Barua, D. N. & Robeits, E. A. H. [1940]. Biochem. J. 34, 1524. 
Ezell, B. I). & Gerhardt, F. [1940]. J. agric. Res. 60, 89. 
Lamb, J. & Sreerangachar, H. B. [1940a]. Biochem. J. 
34, 1472. 


19406], Oxidase activity produced very little 
change in iodine titre, whereas peroxidase produced 
a marked fall in titre, and it appeared that per- 
oxidase activity resulted in the formation of 
more condensation products than does oxidase 
activity. 

The criticism of Shaw’s iodometric method for 
the volumetric estimation of tea tannin by Barua 
& Roberts [1940] is based on this question of con- 
densation of tannin bodies after oxidation and the 
errors that may be introduced thereby. Reference 
to Table 3 shows that the conditions of optimum 
pH and temperatme for the action of the tea- 
insoluble enzyme are almost the same when deter- 
mined by the iodometric method previously used 
and by the present ascorbic acid method, which is 
independent of any interference due to condensa- 
tion. Our previous conclusions, which were mostly 
based on the iodometric method, may not then be 
substantially affected by errors due to condensation. 

An explanation of this agreement may peiliaps 
be suggested. As condensation is a chemical re- 
action, it is reasonable to assume that the rate and 
amount of condensation of oxidized tannins will 
bear a definite relation to the amount of oxidized 
tannins present, which in its turn will be related to 
the activity of the enzyme. The fall in iodine titre 
due to the condensation factor would, therefore, 
vary in proportion to the enzyme activity itself, so 
that the method can still be employed in any com- 
parative study of enzyme activities. 

Further investigation is needed to amplify our 
present insufficient knowledge about this conden- 
sation process of oxidized tea tannin bodies. For 
example, it is not known whether or not the con- 
densation phenomena are attended by any further 
oxygen uptake or even by simple dilatometric 
changes, in which case the manometric results on 
the fermentation of tea may be regarded as subject 
to an error. 

SUMMARY 

1. A new method of estimating oxidase activity 
in tea, by the use of ascorbic acid as substrate, has 
been described. The method is simple, accurate and 
avoids errors due to condensation of oxidized poly- 
phenols, which was the chief drawback of the 
iodine titration method, 

2. The values for the optimum pH and tem- 
perature of the insoluble enzyme are confirmed by 
this new method. 
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The oxidizing- enzyme preparation employed in pre- 
vious work was obtained from tea by grinding fresh 
leaf under acetone until the residue was almost 
completely free of all colouring constituents of the 
leaf. 

Among the differences that exist between the 
in vitro action of this acetone -prepared tea enzyme 
and the in vivo reaction in the minced leaf are the 
rates of oxidation of different polyphenolic sub- 
strates. Thus, acetone -prepared enzyme oxidizes 
catechol about two or three times as rapidly as it 
does tea tannin [Lamb & Sreerangachar, 1940], 
whereas in the fermenting leaf-mince to which the 
polyphenolic substrates are introduced after com- 
pletion of its initial fermentation, tea tannin is 
oxidized at about three times the rate of catechol 
oxidation [Harrison & Roberts, 1939]. 

There is obviously one main difference between 
the conditions that exist in the minced-leaf system 
prior to the addition of the polyphenolic substrates, 
and those obtaining in the acetone -prepared enzyme 
reaction system. In the former, the leaf poly- 
phenols are, as a result of initial reactions, in 
various stages of oxidation and condensation, 
whereas in the latter such oxidized products of tea 
tannin are absent at the commencement of the 
reaction. The object of the present investigation is 
to find out the exact influence of these oxidized 
polyphenols on subsequent oxidation reactions, and 
to arrive at a clear distinction between the direct 
reactions of the enzyme and the possible indirect 
action of other substances present. 

EXPERIMENTAL 

Methods, The rates of oxidation of different poly- 
phenols by tea enzymes, as shown by their oxygen 
uptake, were measured at 25° with Bareroft’s appa- 
ratus [cf. Sreerangachar, 1941]. Observations in- 
cluded reactions in the fresh -leaf mince and also 
in wfro reactions of prepared enzyme and substrate. 
In the latter type of reaction, the enzyme powder 
was initially kept floating on the substrate solution 
in small ‘pliofllm ’ boats which could be upset when- 
ever desired by shaking the apparatus, thus bringing 
the enzyme and substrate into contact with each 


other. Any complication due to respiration changes 
was avoided by not introducing KOH into the 
central tube. Such a contingency arose only when 
fresh-leaf mince was used; for in the case of fa vitro 
reaction mixtures the system was entirely free from 
living tissues. The polyphenolic substrate solutions 
employed were all of M/10 concentration. The 
amorphous tea tannin was prepared by the Tocklai 
modification of Shaw’s method [1935], and all gallic 
acid was removed from it by extraction with dry 
ether. 

Substrate specificity* Attention was first directed 
towards finding out the relative rates of oxidation 


0 30 60 90 12010 30 60 90 120 

Min. 

Pig. 1. Oxidation by acetone-prepared tea enzyme. 

I, catechol; II, tea tannin. 

of catechol and tea tannin by the use of the same 
enzyme preparation. Acetone -prepared enzyme 
powder (50 mg.) was allowed to react on 2 ml. 
substrate solution to which 2 ml. Mclivaine’s buffer 
solution at pH 5-0 were added. Fig. 1 represents 
the course of oxygen uptake by two such systems, 
and it will be seen that the rate of oxidation of 
catechol is higher than that of tea tannin, altiiough 
the difference is not as great as that obtained pre- 
viously with different enzyme preparations. This 
has been confirmed in several experiments. 

The rate of oxidation of a few other substrates 
available here, namely, pyrogallol, ascorbic acid 
and quinol, w^ere then studied in comparison with 
catechol and tea tannin (Pig. 2). The enzyme 
oxidizes catechol, tea tannin and pyrogallol, mem- 
bers of a class of substrates to wliieh the enzyme is 
specific, more rapidly than it does ascorbic acid 
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and qiiinol, which do not belong to this specific 
class. The slight oxidizing action observed on 
ascorbic acid and quinol is due to the indirect in- 
fluence of minute quantities of original polyphenols 
in the enzyme powder which resist complete ex- 
traction with acetone. 



Fig. 2. Oxidation of polyphenols by acetone-prepared 
enzyme. I, catechol; II, tea tannin; III, pyrogallol; 
IV, ascorbic acid; V, quinol. 

f The oxygen uptake of the leaf-mince suspension 

came almost to a standstill after about 90-120 min. 
and the relative rates of oxidation of polyphenolic 
■ substrates were then measured by introducing them 

; at this stage to the leaf-mince system. It was 

observed that tea tannin was oxidized more rapidly 
than catechol as shown in Fig. 3, I. Harrison & 
Koberts [1939] in Assam also foimd that tea tannin 
is oxidized* about three times as rapidly as catechol 
with minced leaf. 

Influence of oxidation products, A study of these 
results suggested that the tea polyphenols existing 
in different stages of oxidation and condensation as 
( a result of the initial fermentation reaction in the 

! leaf mince might probably be the chief cause of the 

I difference between the results with acetone -prepared 

enzyme and those obtained with leaf mince. The 
^ interference of the oxidized products of tea poly- 

phenols with the oxidation rates of polyphengls 
subsequently added might have been so pronounced 

as even to reverse the relative rates of oxidation of 

tea tannin and catechol. In order to test this hypo- 
thesis, fresh-leaf mince was repeatedly washed with 
water after its initial reaction, to remove the accu- 
mulated oxidation products, and the residue allowed 
i to react on catechol and tea tannin. It was then 

I found that the oxidation of tea tannin not only 

ceased to be faster than that of catechol but its rate 
was either the same or even lower than that of 
catechol as shown in Fig. 3, II. 


The use of acetone, to remove the oxidation 
products from the leaf mince after the initial re- 
action, yields still better results, due to a greater 
extraction of these materials, though perhaps not 
so completely as in the preparation of enzyme from 



Fig. 3. O 2 uptake of leaf-mince suspensions with added 
substrates. T, reactions in presence of tannin oxidation 
products; II, ditto after removal of these by washing the 
tissues; III, ditto after removal by acetone extraction. 

fresh leaf. Comparison with the results of water 
extraction reveals that acetone treatment does not 
appreciably inhibit the enzyme with respect to its 
rate of polyphenol oxidation. The rates of oxidation 
of catechol and tea tannin by the acetone -extracted 
residue, from leaf mince which had undergone the 
initial fermentation reaction, are in the same order 
as those observed in the case of acetone -prepared 
enzyme, although in the former case the difference 
between the oxidation rates of catechol and theo- 
tannin is not as great as in the latter. Fig. 3, III 
shows that catechol is being oxidized slightly more 
rapidly than tea tannin by the acetone-extracted 
residue of leaf mince which had previously been 
fermented. 

Further confirmation of the influence of the tea- 
tannin oxidation products on subsequent oxidations 
of catechol and of tea tannin was obtained when 
these products, from another experiment, were 
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added to the reaction mixtures of the acetone - 
prepared enzjnne on the one hand and catechol 
and tea tannin on the other. The relative ra;tes of 
reaction at once changed, tea tannin being then 
oxi<iized more rapidly than catechoL 

When this evidence concerning the influence of 
tea-tannin oxidation products on the subsequent 
oxidations of catechol and tea tannin had been 


mentally the oxidized product of quinol, as pure 
p-quinone was available. A M/20 solution of p- 
quinone was used. Solutions (2 ml.) of these three 
oxidized polyphenols were added to each of the 
polyphenol -enzyme mixtures and the oxygen uptake 
measured by manometric methods. Fig. 4 repre- 
sents the results obtained. The results shown in 
dotted lines (Fig. 4, A, D) were obtained with a 





... 


Quinol 
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Fig. 4. A, oxidation of polyphenols by acetone-prepared enzyme from tea; B, reactions with added catechoroxidation 
prodnets;'C, ditto with added p-quinone; D, ditto with added tea-tannin oxidation products. Dotted lines in A and D 
represent reactions with a different enzyme. 


gathered it was of interest to find out whether such 
behaviour was peculiar only to the tea-tannin oxi- 
dation products or whether it was generally true of 
the oxidized products of other polyphenols as well. 
The general scheme of the experiment was that the 
. oxidized products of three phenolic bodies, catechol, 
quinol and tea tannin, should be added at the 
commencement of the reaction to systems each con- 
taining one of these polyphenols and the acetone- 
prepared enzyme. Comparisons of oxygen uptake 
results of two otherwise corresponding systems, 
with and without the addition of oxidation pro- 
ducts, would reveal the effect, if any, of such 
additions. The oxidized products of cateehoi and 
tea tannin were obtained by oxidizing M/20 solu- 
tions of these polyphenols by acetone-prepared 
enzyme. It was not necessary to prepare experi- 


separate sample of enzyme, as the sample used in 
the case of all other reactions became exhausted, a 
circumstance which cannot, however, affect the eon- 
elusions. These results are summarized in Table 1. 


Table 1. Oxygen uptake during imw 
polyphenol oxidations 


Polypiienoi oxidation, 
/xL Oa/lir./mg. enzyme 


Product added 

Catechol 

Tea . 
tannin , 

Quinol 

■'1- - A 

Nil 

5-5 

.4*6 

1-2 ^ 04* 

Catechol oxidation 

74 

5*6 

5*3. ■ ■ — : 

products 

p-Quinone 

6-S 

44 

0-6 

Tea tannin oxidation 

2d) 

4-3 




products 


A different sample of enz^ane. 
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Catechol oxidation products accelerate oxidations 
of catechol and tea tannin almost to the same 
extent, while quinol oxidation is increased four to 
five times. p-Quinone accelerates catechol oxida- 
tion and does not much affect tea -tannin oxidation; 
but it markedly inhibits quinol oxidation. Tea- 
tannin oxidation products increase the rate of 
quinol oxidation nearly three times but inhibit 
catechol oxidation to less than half its original 
activity. Oxidation of tea tannin also suffers a 
slight inhibition. These results point to the general 
conclusion that the oxidation of polyphenols is 
markedly affected by the presence, at the beginning 
of the reaction, of certain polyphenol oxidation 
products. There appears to be, however, no corre- 
spondence between the polyphenol reaction affecled 
and the polyphenol -oxidation products which in- 
fluence the reaction. In particular, the reversal of 
the rates of oxidation of catechol and tea tannin in 
presence of oxidation products of the latter appears 
to be due to a marked depression of catechol oxida- 
tion, but not to an acceleration of the tea-tannin 
oxidation. 

Corroboration of this point is noticeable in the 
results of fresh leaf-mince reactions and those with 
washed tissues. The oxygen uptakes during tea- 
tannin oxidation of 200 mg. leaf mince in 1 hr. 
(Fig. 3) are 135 and 150^1. for imwashed and washed 
tissues respectively, while the corresponding figures 
for catechol oxidation are 98 and 163 jxl. for the 
same unwashed and washed tissues. The marked 
inhibition of catechol oxidation by tea-tannin oxi- 
dation products is thus indicated. 

When tea tannin is oxidized either in the fer- 
menting leaf or in vitro by the prepared enzyme, 
the product consists of the oxidized tannins in a 
large range of condensations. In the present state 
of our knowledge about the chemistry of tea it is 
not possible to distinguish between the simple tea 
tannin-o-quinone and its various condensation pro- 
ducts, or to ascertain their relative amoimts in a 
solution of oxidized tea tannin. For this reason, 
the effect of tea -tannin oxidation products on sub- 
sequent polyphenol oxidations cannot be attributed 
singly either to the one or the other of these 
constituents. The following experiment, however, 
affords some evidence on this point. Condensation 
in a solution of oxidized tannin can be increased by 
rendering the solution alkaline, and it was desired 
to find out whether such an increase in the conden- 
sation products would materially affect the results. 
Five ml. of an oxidized tea tannin solution (M/20) 
were made alkaline to pH 9*5-10*0, boiled and 
cooled, and the pH readjusted to 5*0. This solution 
and 5 ml. of original solution were both made up 
to 10 ml., and 2 ml. of each were added to the 
oxidation-reaction systems of catechol and tea 
tannin. 


It can be concluded from the results (Fig. 5) that 
increasing the condensation products has no signi- 
ficant effect on the rate of tamiin oxidation, while 
it slightly enhances the inhibition of catechol oxida- 
tion. Therefore, the inhibition effect observed in i 

catechol oxidation by addition of tannin -oxidation 
products is probably to be associated more with the \ 



Fig. 5. Oxidations of catechol and tea tannin in presence 
of tea-tannin oxidation products. I, tea-tannin oxidation, 
lower condensed products; II, ditto, higher condensed 
products ; III, catechol oxidation, lower condensed pro- 
ducts; IV, ditto, higher condensed products. 


higher condensation products of tannin-o-quinone 
than with the simpler tannin-o-quinone itself. The 
difference between the rates of catechol oxidation 
with the two concentrations of condensed products ; 

is, however, small, but it may probably be due to : 

the fact that the original solution of oxidized tea 
tannin which was standing for 24 hr. already con- 
tained an effective amount of condensed tamiin- 
oxidation products, which might have been in- 
creased only slightly on the solution being rendered 
alkaline. 

Reaction in a mixture of substrates. When a single 
enzyme oxidizes two substrates, the rate of oxida- 
tion of their mixture generally falls between the 
two individual values owing to the competition of 
substrates for the enzyme. An investigation of the 
action of the acetone -prepared enzyme on a mixed 
substrate of catechol and tea ta-nnin showed (Fig. 6) 
that the initial rate of oxidation of the mixture was 
intermediate between the rates of individual oxida- 
tions of catechol and tea tamiin. This is in ac- 
cordance with the above general rule and indicates 
that, a single enzyme is concerned in the reaction. 

Towards the end of the reaction, however, the 
accumulation of the oxidation products begins to 
exert its influence and tends to depress the rate of 
reaction. 
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Addition of catechol to the fermenting leaf leads 
to conditions in which the same tea enzyme is 
acting simultaneously both on catechol and tea 
tannin. The rate of oxidation would then be inter- 
mediate between the oxidation rates of the two 



Fig. 6. . Oxidation of catechol, tea tannin and their mixture 
by acetone-prepared enzyme. 

individual substrates. Harrison & Roberts [1939], 
however, found in a similar experiment that the 
rate of oxidation of the mixture was higher than 
that of the individual substrates. In arriving at 
this conclusion they made use of their previous 
result that catechol is oxidized at about one-third 
the rate of tea tannin, a result which was obtained 
without taking into consideration the presence and, 
therefore, the influence, of tannin- oxidation pro- 
ducts. But, in view of the facts shown in the pre- 
ceding section, the validity of this conclusion is 
open to doubt. When the individual rates of oxida- 
tion of catechol and tea tannin are investigated 
under conditions free from any extraneous inter- 
ference, it is possible that the rate of oxidation of 
the mixture of substrates by the fermenting leaf 
system is actually intermediate between the two 
individual values. 

Discijssioisr 

Eoberts [1941] has suggested that the difiference in 
the rates of oxidation of catechol and tea tannin 


3 observed at Tocklai and. St Coombs is due to the 
3 presence of two different enzymes in the materials 
% derived from the two different sources. In the 
- literature there is, no doubt, some evidence for the 
) presence of more than one oxidase systeni in the 
same plant tissue [Boswell & Whiting, 1938; Marsh 
& Goddard, 1939]. But in this instance such a 
suggestion seems unnecessary, since this particular 
disagreement betw^een St Coombs and Tocklai is 
due more to a difference in technique than to the 
nature of the materiftls. The reaction in the minced 
leaf as employed by Roberts is complicated by 
the accumulated tannin -oxidation products, which 
exert some influence on the course of the subse- 
quent reactions. 

SUMMARY ' 

1. The relative rates of oxidation of catechol, 
tea taimin, pyrogallol, quinoi and ascorbic acid by 
the tea enzyme prepared with acetone have been 
studied by manometric methods. 

2. The discrepancy in the comparative rates of 
oxidation of catechol and tea tannin between our 
results and those of Assam workers has been shown 
to be due to an inhibitory effect, under the condi- 
tions of Assam experiments, of the condensation 
products of oxidized tea tannin on the oxidation of 
catechol. In view of this, the supposition of two 
different enzymes in Assam and Ceylon seems 
unnecessary. 

3. It is shown that the presence of oxidized 
products of poljq)henols at the commencement of 
a subsequent polyphenol oxidation reaction affects, 
in general, the course of such reaction. 

4. The action of the enzyme prepared with 
acetone in a mixture of catechol and tea-tannin 
substrates has yielded results consistent wdth the 
view that both these substrates are oxidized by a 
common enzyme, namely, the tea polyphenol 
oxidase. 
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Recent investigations on tea fermentation, both in 
Ceylon and Assam, have led to distinct differences 
of opinion regarding the nature of the oxidase 
system that is responsible for fermentation. After 
modifying his earlier views on this question at least 
twice, Roberts [1939; 1940] has now identified the 
tea-oxidizing enzyme with cytochrome oxidase. In 
previous studies from these laboratories [Lamb & 
Sreerangachar, 1940], not only have objections to 
the cytochrome theory of tea fermentation been 
presented, but also definite evidence for the view 
that tea oxidase is a polyphenol oxidase with an 
established specificity for o-dihydric phenols. 

Despite this, the considerable body of indirect 
evidence that Roberts adduced in favour of his 
theory made it appear for the moment a reasonable 
assumption, but further work has shown that alter- 
native explanations could be found for most of his 
material observations. Perhaps the most serious 
objection to the cytochrome theory of tea fermen- 
tation is that so far there is no direct evidence for 
the presence in tea leaf of cytochrome and cyto- 
chrome oxidase, which seems quite essential for the 
acceptance of the theory. The present investigation 
was, therefore, undertaken with a view to obtaining 
some definite information which would serve either 
to establish or confute the presence of these com- 
ponents in tea. 

Spectroscopically, cytochrome is easily detected 
in its reduced state by its characteristic absorption 
spectrum. Since chlorophyll may interfere in the 
observations on the leaf it may be extracted by 
solvents such as acetone. Any possible inactivation 
of the oxidase in the process does not affect either 
the content or the character of cytochrome. Fol- 
lowing this procedure, Yakushiji [1935] has re- 
ported seeing the a-bands of cytochrome h and c in 
acetone -extracted spinach leaves. Choosing the 
basal portion of the stem, probably with a view to 
obviating the chlorophyll interference, Roberts 
[1941], with Miss K. Bhagvat, claims to have de- 
monstrated the presence of cytochrome in the tea 
plant. They appear to have observed an absorption 
band corresponding to the ‘ b ’ band of cytochrome 
in the green region of tlie spectrum. It is not clear 
whether it is the component b or the spectral band ^ 
that they have observed, and it is noteworthy that 
other bands of either cytochrome 6 or c (it cannot 


be component a as its jS band is milmown) are not 
observed. 

Spectroscopy can also be used in detecting the 
presence of cytochrome oxidase. On oxidation by 
the enzyme the sharp absorption bands of reduced 
cytochrome give place to the diffuse bands of 
oxidized cytochrome which are hardly perceptible 
in the micro-spectrophotometer. Disappearance of 
reduced cytochrome bands wnuld therefore indi- 
cate the action of the cytochrome oxidase. 

Before proceeding to describe the experimental 
evidence in the present investigation, a brief re- 
ference may be made to those points of dissension 
between workers here and in Assam not previously 
discussed by us. 

Methods of investigation. In earlier work we have relied 
mostly on the titrimetric methods in the estimation of the 
tea-oxidase activity, and we have recognized the limitations 
of the method. Roberts [1941] has criticized this method 
on the ground that the iodine titre is affected by condensa- 
tion of o-quinones produced, but has admitted that these 
errors are likely to be very small. 

However, an alternative method of estimating enzyme 
activity, using ascorbic acid as substrate as described in 
Rart 4 of this series, has yielded identical results as regards 
the optimum pH and temperature of the enzyme reaction. 
Therefore condensation errors in the iodine titration method 
could only be very small, and in a comparative experiment 
the conclusions are practically unaffected by these errors. 
It is interesting to note in this connexion that Roberts 
[1941] has himself obtained results of optimum pH (5-4) 
and temperature (29°) which are very close to those found 
by us. Such correspondence detracts very considerably 
from the relevance of his criticisms of the accuracy of our 
method. From the point of view of our present contention 
about the specific nature of the oxidase, the quantitative 
accuracy of the method is relatively less important. It is 
sufficient that the direct oxidase activity of the enzyme on 
polyphenols has been demonstrated beyond doubt. 

The study of simpler component reactions affords an easy 
approach to the understanding of the most complicated 
biological processes in vivo. Preparation of purified enzyme 
and a study of its reaction in vitro on pure chemical sub- 
stances is therefore a fruitful line of investigation [e.g. 
Hussein & Cruess, 1940], and we have always followed this 
course in our study of the mechanism of tea fermentation 
and the substrate specificity of the enzyme. 

Substrate specificity. The importance of this property of 
the enzyme canpot be over-emphasized. Roberts’s sum- 
ming up [1941] of evidence on this point unfortunately 
lacks clarity. We admit that substrates like p-phenylene- 
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diamine and ascorbic acid, when added to fermented tea-leaf 
suspensions, are doubtless oxidized. But is it due to the 

existence of a cytochrome system? Is it not possible that Spectroscopic investigations 

the very reactive o-quinone reacts with these added sub- 
strates while it is itself being reduced to polyphenol? The Presence of cytochrome in tea. Employing a micro - 
enzymic nature of stimulation of O 2 uptake would thus be spectrophotometer we made observations on the 
maintained and tea polyphenol would act as a earner in , ground tissues in presence of both sodium 

the reaction. Thus the oxidations of ascorbic acid and i ^ -xt o 

p-phenylene-diaminc would be only secondary reactions, succinate and Na.S.O, Contrary to Roberts s re- 
and the fact that polyphenol-free enzyme preparations fail suits, exammation- of the asa por ion o e s^ em 


EXPERIMENTAL 


to oxidize directly these substances as well as quinol lends 
further support to this view. 

Our enzyme preparations display a clear-cut specificity 
for o-dihydric phenols, and such a marked specificity is 
incompatible with the presence of cytochrome + cytochrome 
oxidase. However crude our enzyme preparation may be, it 
must be regarded as relatively pure when compared with 
tea-leaf mince and, unlike the latter, its reaction on sub- 
strates is free from the interference of tea polyphenols. To 
that extent, our results on substrate specificity of the 
oxidase system are . more reliable than those of Assam 
workers. ? 

Effect of organic solvents. Acetone inhibition seems to he 
characteristic of cytochrome oxidase, and so Roberts has 
inferred that our acetone-prepared enzyme would have 
undergone a substantial loss in activity. Nevertheless, we 
have obtained strong activity of this acetone-prepared 
enzyme on catechol and other o-dihydric phenols. The 
assumption that tea leaf originally contained cytochrome 
oxidase and that it was considerably inactivated during 
acetone treatment would be consistent with the failure of 
the enzyme to oxidize quinol and p-phenylene-diamine. 
But how are we to explain the strong activity on catechol 
unless, of course, it is granted that the leaf originally con- 
tained polyphenol oxidase also? 

It is likely that besides cytochrome oxidase other plant 
oxidases are also inhibited to a different degree by acetone. 
For instance, Srinivasan [1936] has shown that ascorbic 
acid oxidase is inhibited by acetone. Although we have 
found the greater part of the original enzyme activity in 
our preparations, it is possible that they may not have 
retained the same polypfienol-oxidizing activity as in fresh 
leaf. 

Oxygen tension. Further indirect evidence for the cyto- 
chrome theory consists in Roberts’s observation that the 
initial rate of O 2 uptake by fermenting tea leaf is markedly 
accelerated by an increase in the O 2 tension. But it is 
doubtful whether this is an established property of cyto- 
chrome oxidase. Green [1940] states that ‘the rate of 
oxidation of the ferrocytochrome by molecular oxygen in 
presence of the enzyme is practically independent of the 
partial pressure of Ogb In fact, since the respiration of yeast 
and other micro-organisms is found to be independent of 
O 2 tension, this is taken as evidence for the functioning of 
cytochrome oxidase in aerobic systems. 

Evidence for the cytochrome theory has also been inade- 
quate on other points. For instance, the failure to depress 
the rate of O 2 uptake when catechol is added to fermenting 
tea leaf cannot be considered as proof for the carrier nature 
of the tea oxidase, as is shown in Part 5 of this series. The 
existence of both soluble and insoluble enzymes in tea 
makes any evidence based oii solubility inconclusive. 
If the enzyme is considered too insoluble to be poly- 
phenol oxidase, it is also too soluble to be cytochrome 


succinate arid Na 2 S 204 . Contrary to Roberts’s re- 
sults, examination, of the basal portion of the stem 
in tea plant did not give any positive indications 
for the presence of cytochrome. Similarly, other 
tissues of the plant, when separately collected and 
tested, failed to display any characteristic absorp- 
tion bands which could be identified with those of 
cytochrome. 

No cytochronie could be detected in the acetone- 
extracted tea leaf from which the possible inter- 
fering substances like chlorophyll and tannin were 
removed by solvent extraction. Attempts to pre- 
pare cytochrome c from leaf by the method of 
Keilin & Hartree [1937] yielded negative results. 
Both Ceylon and Indian tea leaves were used in this 
investigation. 

From certain considerations it seemed reasonable 
to expect the presence of cytochrome c in our 
enzyme preparations. First, Yakushiji’s [1935] 
findings made the presence of cytochrome probable 
in the acetone-extracted tea leaf, from which our 
oxidase preparations were obtained. Secondly, the 
ammonium sulphate saturation empIoyM in the , 
preparation of cytochrome c from ox heart [Theorell, 
1936] was also the method used for the purifioation 
of the soluble enzyme, as wfill be described later. 
Fm’thermore, since Roberts attributed the oxidizing 
activity of the enzyme preparations to the cyto- 
chrome system, it was reasonable to expect the 
presence of cytochrome c in highly active enzyme 
concentrates. But it was found that none of these 
preparations, when spectroscopically examined, dis- 
played any specific absorption bands. Figs. 1 and 2 
give the absorption spectra of a highly active tea 
oxidase solution. The results in the visible region 
of light (Fig. 2) were obtained in a Gaertner’s 
polarizing spectrophotometer, while for a study of 
absorption in the ultra-violet region (Fig. 1) a 
Hilger’s ' instrument was employed. 10 mm. cells 
were used in both cases. 

It will be seen that there is no selective absorp- 
tion either in the visible region or in the ultra-violet 
region studied, and therefore tlie preparation does 
not contain cytochrome. Tlie component cyto- 
chrome ag, which Keilin &• Hartree [1939] identify 
with cytochrome oxidase, has a cljaructeristic ab- 
sorption (430 and 590 m/x), and most of the other 
haematins have a strong absorption in the extreme 
violet between 400 and 420 m/x [Dixon, Hill & 
Keilin, 1931]. But the spectrum of the tea-oxidase , 
solution cannot be related to anv of tiiese. 
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Detection of cytochrome oxidase. The detection of 
cytochrome oxidase was based oh its in vitro reac- 
tion on cytochrome c, which could be followed in 
the spectrophotometer. In view of the possible 
complications that would be introduced, the fresh- 
leaf mince or the finely ground tissue could not be 
used for this investigation. On the other hand, the 
acetone -prepared enzyme was considered a suitable 
material; for, if the observed activity of the pre- 
paration was attributed to the cytochrome system, 
it should be possible to demonstrate cytochrome 
oxidase in it. 


highly active towards catechol, was brought to 
pH 5-0 with acetic acid and mixed with sufficient 
ammonium sulphate tq saturate to the extent of 
1/3. From the time of plucking up to this stage, 
when the enzyme may be expected to be more 
stable, the time taken was only 4-5 hr., and since 
the operations were, as far as possible, done in the 
cold, the inactivation of the enzyme must have been 
minimal during the preparation. The fluid was left 
overnight in the ice-box. 

The slight precipitate that appeared was then 
filtered off, and to the filtrate more ammonium 
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Fig. 1. Ultra-violet absorption spectrum 
of tea oxidase. 


Fig. 2. Visible region absorption 
spectrum of tea oxidase. 


Preparation of tea oxidase. In order to minimize 
the inactivating effect of the solvent on the enzyme, 
the acetone extraction of the oxidase was carried 
out at about — 20° in a bath of ice and salt imder 
the following conditions, which are a refinement of 
those previously used by us. The leaf material was 
derived from young tea plants in the garden of the 
Indian Institute of Science, Bangalore. About 10 g. 
of fresh leaf were finely ground up, soon after 
plucking, with 30 g. of ice crystals and some iron- 
free sand and then introduced into a beaker which 
was kept immersed in a bath of ice and salt at . 
— 20°. Acetone (300 ml.), previously cooled to 
the same low temperature, was then added with 
vigorous stirring. The acetone' extract was sucked 
off by means of an inverted thistle fmmel, packed 
at the mouth with glass-wool, and immersed in the 
beaker. Renewal of cold acetone and repetition of 
the extraction three or four times rendered the pre- 
paration almost completely free of polyphenol, as 
tested by FeGlg and also by self- digestion of the pre- 
paration in the Warburg manometer. The material 
was quickly dried in vacuo and then extracted 
with 100 ml. phosphate buffer at pH 7-0, under cold 
conditions. After filtration the extract, which was 


sulphate was added to bring it to half-saturation. 
There was a further precipitate which was also 
filtered off, and the filtrate was then saturated with 
ammonium sulphate, when again there was a pre- 
cipitate. The three precipitates obtained were dis- 
persed in water and dialyzed in the cold against 
running distilled water. The dialyzed suspensions, 
obtained by one-third or one-half saturation, con- 
tained for the most part inert matter with com- 
paratively little enzyme, and they were therefore 
discarded. The precipitate at full saturation gave, 
on dialysis, a pale yellow solution constituting a very 
active preparation of oxidase. This could be pre- 
served in the refrigerator for a considerable period 
without appreciable loss of activity. 

The residue, after extraction of soluble enzyme 
from the acetone-prepared leaf powder, was further 
ground into a fine suspension and also preserved in 
the ice-chest. 

Experiments with reduced cytochrome c and cyto- 
chrome oxidase from heart Cytochrome c was 

prepared by the method of Keilin & Hartree [1937], 
and it was found that goat’s heart proved a better 
source than ox heart. The dialyzed cytochrome 
solution was preserved in the ice -chest. Reduction 
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of cytoclirom© was carried out by passing Hg in 
presence of either freshly prepared palladinized 
charcoal [Hartmigy 1928] or of platinized asbestos 
(E. d© Haen’s preparation). An active preparation 
of cytochrome oxidase was also obtained from fresh 
goat heart muscle by the method of Keilin & 
Hartre© [1938]. 

The heart -muscle oxidase readily catalyzed the 
oxidation of reduced cytochrome, with consequent 
disappearance of the latter’s characteristic absorp- 
tion bands in the microspectrophotometer. But the 
tea -oxidase solution prepared as above, when added 
to the reduced cytochrome substrate, did not have 


It will be seen from Figs. 4 and 5 that the absorp- 
tion characteristics of reduced cytochrome remained 
unaffected in presence of tea -oxidase preparations, 
while heart oxidase (Fig. 3) brought about a com- • 
plete change. In the case of heart enzyme and 
tea-insoluble enzyme the reaction mixtures had to 
be filtered before taking measurements in the 
spectrophotometer, and the slight shift in the curve 
in the -latter instance is perhaps due to the absorp- 
tion of cytochrome c on the solids of the tea -residue 
suspension. 

The degree of oxidation of reduced cytochrome c 
is related to the fall in the intensity of its absorption 



mfi. 

Fig. 3. 



Fig. 4. 


Fig. 5. 


Fig. 3. Oxidation of cytochrome by heart oxidase. I, absorption spectrum of reduced cytochrome; II, reduced 
cytochrome c -j- heart-muscle enzyme. 

Fig. 4. Action of tea-soluble enzyme on reduced cytochrome. I, reduced cytochrome; II, reduced cytochrome 4- tea- 
soluble enzyme. 

Fig. 5. Action of tea- insoluble enzyme on reduced cytochrome. I, reduced cytochrome; II, reduced cytochrome -f tea- 
insoluble enzyme. 


any effect whatever on the absorption bands, which 
remained practically steady for about 24 hr. It 
must, therefore, be concluded that the specific cyto-, 
chrome oxidase was absent from the tea- oxidase 
preparation. The activity towards catechol, on the 
other hand, was very marked, as determined by its 
rapid oxygen uptake {~- Qog= 170). 

A suspension of the insoluble enzyme also gave 
similar spectroscopic results, which points to the 
conclusion as in the case of the soluble enzyme. 

‘ The course of reaction of these enzyme prepara- 
tions on reduced cytochrome, as compared with 
that of the heart oxidase, was further followed in 
the polarizing spectrophotometer. 6-5 ml. enzyme 
was allowed to react with 2-5 ml. reduced cyto- 
chrome solution (3 xl0-^M) for 2 hr. at room 
temperature, and spectroscopic determinations were 
carried out in 10 mm. cells. 


bands. The kinetics of the oxidation can therefor© 
be followed by measm-ing in the above reactions 
the extinction coefficients at 550m/x, the maximum 
of reduced cytochrome c. Fig, 6 represents these 
data, and it will be seen that whereas the relative 
concentrations of reduced and oxidized pytochrome 
remain unaltered in the case of tea oxidase, the 
heart oxidase action results in a rapid fall in the 
' reduced cytochrome concentration. 

These results show that, judged on its specificity 
of reaction, tea oxidase cannot be identified with 
cytochrome oxidase. 

Boberts [1941] has reported observing the re- 
duced cytochrome bands when cytochrome c and 
succinate were added to the finely ground tea tissue 
and that these bands disappeared on vigorous 
shaking. In this reaction there was no need for any 
extraneous addition of cytochrome c, sine© he had 
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already observed cytochrome in the tissue by its 
‘6’ band. Further, he has remarked elsewhere in 
his paper [Roberts, 1941] that when cytochrome c 
of ox heart is added to tea -tissue suspension it 
would combine with tea tannin and would thu^ be 
‘inactivated’, thereby meaning perhaps an irrever- 
sible chemical change in cytochrome. If that is so, 
the disappearance of the reduced cytochrome bands 
may not be due to the presence of cytochrome 
oxidase. In our experiments we have found that 



Fig. 6. Oxidation of cytochrome. I, tea oxidase; 
II, heart oxidase. 


JSIan onictrk investigations 


Table 1. Oxygen uptake of tea oxidase with 
catechol and cytochrome 


Oxygen uptake when 0*5 ml. of diluted enzyme (original 
solution X 4) was allowed to react on 1 ml. of catechol 
solution (M/20) and 1 ml. of reduced cytochrome solution, 
respectively, in presence of 1*0 ml. of phosphate buffer at 
pH 7*0. 


Time period 
(min.) 

Catechol sub- 
strate (fjl, O 2 ) 
Reduced cyto- 
chrome sub- 
strate (jLtl. O 2 ) 


cytochrome + succinate, in presence of tea-soluble 
and insoluble enzj'mes on the one hand and the 
heart enzyme on the other are given in Table 2. 


Table 2. Oxygen uptake of different enzyme 
systems on cytochrome c succinate 


In the case of the heart enzyme the cytochrome concen- 
tration w’as l*2xlO~®M; in the case of tea enzynSes 
6*0 X 10-s M. 0*5 ml. enzyme and 0*5 ml. 1 % succinate 
were used in all cases. 


when reduced cytochrome is added to tea-tissue 
suspensions there is a rapid colour change from 
original red to a dirty yellow. The spectrum of the 
filtered liquid does not correspond to that of 
oxidized cytochrome and it. cannot be reduced again 
either by Pd and Hg by Na 2 S 204 . The change 
siifiered by reduced cytochrome is not, therefore, 
a simple reversible oxidation, and under the circum- 
stances the presence of cytochrome oxidase in the 
tissue becomes doubtful. 


Time period (min.) 5 20 60 90 120 150 

Tea-soluble enzyme (jul. O 2 ) 0 3 3 3 6 ^ — 

Tea-insoluble enzyme {fil. Og) 0 4 8 6 3 — 

Heart enzyme (pi. O 2 ) 4 — 46 59 90 110 


The ox;s'gen uptake measurements were made in 
\\hu'burg manometers with all necessary controls. 
All reactions w'ere carried out at pH 7*0, total 
v(>Iume 2*5 ml., and temj)eratiu.’e 30°. The first point 
esta blisheti was the marked activity of the enzyme 
solution on catechol and its inactivity on reduced 
cytocdirome c as substrate (Table 1). 

Reduced (‘vtochrome had not been reacted upon, 
as was siiowii by its absorption bands when tested 
at, the en<i of the reaction. 

In the. in vitro reconstruction of the well-known 
respirator^' system of cytochrome c, cytochrome 
oxidase, succinate and its dehydrogenase, it was 
desireil to find out if the enzymes, in the system 
<:*oui<l be replaced by tea-oxidase preparation. Re- 
st ilts of oxygen uptake by the substrate, reduced 


Failure of tea enzyme to stimulate oxygen uptake 
in the above reactions may be due to the absence 
of either cytochrome oxidase or succinic dehydro- 
genase or both in the tea- oxidase preparations. If 
this mixture of reduced cytochrome c-f succinate 
+ tea oxidase is supplemented by a further factor, 
namely, succinic dehydrogenase free from cyto- 
chrome oxidase, oxygen uptake will then proceed, 
provided that tea oxidase contains cytochrome 
oxidase. But succinic dehydrogenase and cyto- 
chrome oxidase are invariably concomitant in 
animal tissues, and attempts to separate them by 
ultracentrifugation, heat inactivation and so on 
were not successful. However, if tea oxidase con- 
tains cytochrome oxidase, its addition to a succinic 
dehydrogenase preparation with only a weak cyto- 
chrome oxidase activity should result in an accele- 
ration of the rate of oxygen uptake of the substrate 
mixtm'e because of an increase in the cytochrome 
oxidase concentration. A succinic dehydrogenase 
preparation obtained from goat heart muscle by the 
method of Ogston & Green [1935] was found to 
have only a poor cytochrome* oxidase activity, but 
strong succinic dehydrogenase activity, as tested 
by the usual methylene-blue technique. Addition 
of this preparation to the system ‘reduced-cyto- 
chrome 4- succinate + tea oxidase’ did not increase 
the rate of Og uptake in the reaction to any appre- 
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cia^ble extent. For the sake of clarity the compara- 
tive oxygen uptake values are summarized in 
Table 3. 


the two places. For instance, in our previous 
studies we have shown that catechol is oxidized by 
our enzyme preparations at a higher rate than tea 


Table 3. Oxygen uptake by various reaction systems 


Catechol -f tea oxidase ... ... ... 

Reduced cytochrome c + tea oxidase 

-{-succinate + tea oxidase ... 

„ -h succinic dehydrogenase preparation 


Oxygen uptake 

yl/hT. 

198 


-f tea oxidase 


The absence of stimulation of oxygen uptake by 
the tea enzyme in all reactions in which cytochrome 
c formed the substrate must be interpreted as due 
to lack of cytochrome oxidase. The results obtained 
demonstrate unequivocally that tea oxidase cannot 
be identified with cytochrome oxidase. But, on the 
other hand, since catechol is readily oxidized by the 
enzyme, there can be little doubt about its poly- 
phenol oxidase nature. 

DISCUSSION 

A similarity in a few properties led Roberts to 
propose his cytochrome theory of tea fermentation. 
Since then, these similarities have been shown to be 
spurious, and according to his own findings there 
are serious and ‘very marked differences’ between 
tea oxidase and animal-cytochrome oxidase. But 
these differences he attributes to a dissimilarity 
that may exist between plant-cytochrome oxidase 
and animal-cytochrome oxidase. Unfortunately, 
very little is known to date about plant -cytochrome 
systems, and until they are fully investigated it 
may be premature to base any conclusions on 
them. 

In explaining the failure of ox-cytochrome c to 
accelerate tea-tannin oxidation, Roberts has gone 
even further. He has assumed tea-leaf cytochrome 
to be different from the ox -heart cytochrome in that 
the latter is inactivated by combination with tea 
tannin while the former is endowed with some type 
of immunity from tannin. If this be true it seems 
to be something specific to tea and perhaps to other 
tanniferous plants; for Brown & Goddard [1941] 
have observed that ox-cytochrome c does stimulate 
the oxidation of p-phenylene -diamine by the cyto- 
chrome oxidase present in wheat embryos. How- 
ever, Roberts’s postulate, of the presence in tea of 
a cytochrome immune to tea tannin, is reminiscent 
of his previous postulate of an immune peroxidase 
and protective substances, which has not as yet 
been confirmed. 

Certain differences pointed out in the oxidase 
systems concerned in tea fermentation in Ceylon 
and Assam appear, on closer examination, to be a 
consequence of the use of different techniques in 


tannin, and this has been confirmed. The results of 
Assam workers with their material appear to be 
exactly the reverse. The difference is only apparent, 
not real, because the conditions w^ere not the same 
in both cases ; the Assam experiments were carried 
out with minced leaf in which tea-tannin oxidation 
products had accumulated, but these w^ere elimi- 
nated in our reaction mixtures. The tannin -oxida- 
tion products do interfere with the rate of subse- 
quent oxidations by the enzyme, as is fully discussed 
in Part 5 of this series. Such an interference is in 
fact fomid to be responsible for the reversal in the 
rates of oxidation of catechol and tea tannin as 
observed by Assam workers. The suggestion of a 
difference in the nature of Assam and Ceylon 
enzymes receives, therefore, no support from the 
above consideration. A point of some interest in 
this connexion is that the present investigation 
also included the enzyme derived from tea plants 
raised on Indian seeds and grown imder Indian 
conditions. 

The spectroscopic and manometrie evidence ob- 
tained in the investigation goes to show conclusively 
that tea oxidase cannot be identified wdth cyto- 
chrome oxidase, which forms the keystone of the 
entire structure of the cytochrome theory of tea 
fermentation. Absence of cytochrome further justi- 
fies the rejection of the theory. On the other hand, 
our original finding that the tea-fermentation 
enzyme was a polyphenol oxidase needs no modifi- 
cation whatever. The mechanism of tea fermenta- 
tion based on this finding, whilst not so complex as 
the cytochrome theory, is consistent with the main 
facts so far observed. 

SUMMARY 

1. Attempts to demonstrate directly by spectro- 
scopic methods the presence of cytochrome in tea 
have been unsuccessful. 

2. Spectroscopic investigcrtion of highl\' acti\'e 
tea-oxidase preparations sliowed that tiie enzyme 
could not be identified witli cytoclirome oxidase. 
Manometrie results have confirmed this conclusion. 

3. Some of Roberts’s pre\'ious results iiave been 
reviewed in the light of the later , work and ee^rtain 
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differences have been satisfactorily accounted for. Director, Indian Institute of Science, Bangalore, for labo- 
From evidence presented, Boberts’s cytochrome accommodation and to Mr M. 4Sriniyasa3^a, Head of 

theory of tea fermentation carmot be considered ^®rJ^®iitation Technolpgy Section at tlie Institute, for 

, much helpful advice and discussion. Thanks are also due to 
Dr R. V. Norris, Director, Tea Research Institute of 
This investigation was carried out at the Indian Institute Ceylon, for permission to publish these results and to 

of Science, Bangalore, where spectroscope facilities were Mr J. Lamb, Biochemist, for his kind interest in the 

available. The author is indebted to Sir J. C. Ghosh, investigation. 

BEFERENCES 


Brown, A. H. & Goddard, D, R. [1941]. Amer. J. Bot. 
28,319. 

Dixon, M., Hill, R. & Keilin, D. [1931]. Proc. toy. Soc. B, 
109, 29. 

Green, D. E. [1940]. Mechanism of Biological Oxidations, 
p. 31. Cambridge: University Press. 

Hartung, W. H. [1928]. J*. Amer. Chem.. Soc. 50, 3372. 
Hussein, A. A. & Cruess, W. V. [1940]. Food Research, 
5,65. 

Keilin, D. & Hartree, E. F. [1937], Proc. roy. Soc. B, 
122, 298. 


Keilin, D. & Hartree, E.E. [1938]. Proc. roy. Soc. B, 125, 171. 

[1939]. Proc. roy. Soc. B, 127, 167. 

Lamb, J. & Sreerangachar, H. B. [1940]. Biochern. J. 
34,1472. 

Ogston, E. J. & Green, D. E. [1935]. Biochem. J. 29, 1983. 
Roberts, E. A. H. [1939]. Biochem. J. 33, 842. 

[1940]. Biochem. J. 34, 500. 

[1941]. Biochem-. J. 35, 1209. 

Srinivasan, M. [1936]. Biochem. J. 30, 2077. 

Theorell, H. [1936]. Biochem. Z. 285, 207. 

Yakushiji, E. [1935]. Acta Phytochm., Tokyo, 8, 325. 


Studies on the ‘Fermentation’ of Ceylon Tea 

7. THE PROSTHETIC GROUP OF TEA OXIDASE 

By H. B. SBEER.ANGx4CHAB, Tea Research Institute of Ceylon, Talawahelle 

{Received 8 July 1943) 


Earlier investigations in this laboratory on the 
specific nature of the oxidizing enzymes in tea 
[Lamb & Sreerangachar, 1940; Sreerangachar, 1943] 
have shown that the enzyme belongs to the family 
of poi^vphenol oxidases of which the potato oxidase 
and the mushroom oxidase are well-laiown mem- 
bers. The work of Kubowitz [1937; 1938] and of 
Keilin & Mann [1938] respectively on these enzymes 
iias established that these pol>^henol oxidases are 
Cii-protein coinpoimds, and undergo a cycle of 
transformation from cupric to cupro form and vice 
versa, in the course of their catalytic activity. Cu 
is also found in the prosthetic groups of other 
oxidative enzymes sucli as laccase, ascorbic acid 
oxidase and tyrosinase, but the specific protein 
carrier in eaeli of tliese enzymes is considered to be 
different. The Cii-|)roteins, unlike the Fe-porphyrin 
proteiii enzymes, show no specific absorption bands 
in the visible region of the spectrum, the absorption, 
if being only dirfu.se. A spectroscopic exami- 
nation of tea oxidase has failed to reveal any 
eharaeteristic absorption bands [Sreerangachar, 
1943], ami the enzyme is, therefore, analogous in 
this befiavioiir to Cn-proteins. 

Consequent on tli© finding that tea oxidase was 
a polyplienol oxidase with respect to its substrate 
specificity, further investigations of the material 


and chemical nature of this enzyme became de- 
sirable, and it was thought that a study of the 
prosthetic group was a fruitful line to follow in the 
first instance. In particular, it was intended to see 
whether, like the other known examples of poly- 
phenol oxidases, tea-polyphenol oxidase was also a 
Cu-protein compound. 

Cu is easily detected in tea-oxidase preparations, 
but it was fomid that the crude preparations also 
contained Mn and Fe. As these two metals are also 
frequently associated with certain oxidizing enzymes, 
the possibility of their forming the active group of 
tea oxidase had to be considered in the early stages. 
According to Bertrand & Mallevre [1895], there 
exists a close connexion between Mn and laccase, 
and Shaw & Jones [1935] have emphasized the 
importance of Mn in the study of the oxidative 
enzyme in tea. That the fresh tea leaf contains 
appreciable amoimts of Mn can be seen by the fact 
that the ash is generally green because of the pre- 
sence of manganous salts, which readily change 
over to the characteristic permanganate colour 
when wetted with oxidizing solutions. But in spite 
of tills, the acetone-prepared enzyme contains only 
a fraction of the original amount (200“400/xg./g.). 
Further, Mn is almost completely absent even in 
partially purified preparations of enzyme and there- 
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fore it clearly cannot be associated with the active 
group of the enzyme. 

The importance of Fe lies in the fact that, should 
it be possible to establish its constant association 
with tea oxidase, the latter would have to be ‘ 
classified along with Fe- containing enzymes or 
haemochromogens. This would not, however, be 
quite consistent with the chemical constitution of 
a polyphenol oxidase as imderstood at present. 
Tea -enzyme preparations do contain Fe, which not 
only persists in most of the puiification stages, but 
also increases in proportion as purification proceeds. 
Ill this case, therefore, a more detailed examination 
was necessary, in order to ascertain if Fe was an 
essential component of the enzyme. It will be 
shown later that adsorption on tricalcmm phos- 
phate gel, and subsequent elution, completely 
eliminates all Fe from the enzyme, the activity of 
which is thereby enhanced. Fe is thus a non- 
essential constituent so far as enzyme activity is 
concerned. 

Cu, on the other hand, is consistently present in. 
all the purified enzyme preparations, which become 
richer in this element with each step in purification. 
A study, therefore, of the relation between the Cu 
content and the activity of purified tea-oxidase 
preparations would throw some light on the active 
group of the enzyme. The experiments described in 
the present commimication provide evidence for 
the postulate that tea oxidase is a Cu-protein 
complex. 

EXPERIMENTAL 

As far as possible, particular care was taken to 
avoid any metallic contamination during prepara- 
tion of enzyme and in the subsequent experiments. 
The use of sand in grinding leaf under acetone, as 
practised previously, was dispensed with in the 
present investigation. Cu-free distilled water was 
prepared by distilling ordinary distilled water suc- 
cessively with KMn 04 and metaphosphoric acid in 
an all -glass apparatus. In the estimation of Cu and 
Fe, necessary corrections were applied for the small 
respective metallic contents of reagents. 

Estimation of 'Fe and Cu 

Fe was estimated by the a-a'-dipyridyl method of Shor- 
land & Wall^[1936J. Digestions were carried out in 6 in. 
x i in. pyrex test-tubes with 1 ml. of cone. H 2 SO 4 (Analar) 
and a few drops of Analar HISTOg. The digests were made 
up to 10 ml., 1 ml. of which was mixed in a J in. Lovibond 
ceil with 1 ml. of dipyridyl reagent and a trace of solid 
]Sra 2 S 204 . The colorimetric determinations were carried out 
in a Lovibond tintometer, the red units being found pro- 
portional to the Fe content of the test material. With Fe 
solutions of known strengths, a standardization curve can 
be drawn (Fig. 1), and the Fe content of any unknown 
material can be calculated from its Lcwibond readings by 
reference to the standard curve. 
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The Cu content of the preparations was determined by 
the colorimetric method of Keilin & Mann [1938], with 
sodium diethyl-dithiocarbamate reagent. Digestion of the 
material was carried out as above and 5 ml. digests were 
employed for the test. The CCij solution was made up to 
10 ml. and dehydrated by shaking with a small quantity 



Fig. 1. 

of anhydrous sodium sulphate. Colorimetric determination 
was again carried out in a Lovibond tintometer, with | in. 
cells for all tests. The yellow readings are found to be 
proportional to the Cu content of the material as shown 
by Fig. 2, which was obtained by employing solutions of 
known Cu content. Measurements could be made correct 
to OT yellow Lovibond units, coiTesponding to about 0*3 /xg. 
of Cu in 10 mi. of CCI4 test solution. 



Fig. -2. 

Total blanks were run for both the Fe and Cu contents 
of aU reagents except the test solution, the procedure being 
identical with that of an experiment. 

Estimation of enzyfne activity j 

The activities of enzyme preparations were esti mated by 
the method described in Part 4 of this series. Activities are I 

expressed in terms of mg. ascorbic acid oxidized in I hr. 
at room temperature under the conditions deseriht‘(l. Mliere 
necessary, activities are calculateci/'g, dry weight of the 
material. ^ 
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Purification of enzyme 

(a) Extraction of enzyme from acetone-prepared 
leaf powder. The acetone preparation of enzyme was 
obtained as described previously [Lamb & Sreeran- 
gachar, 1940] but without using sand for grinding 
leaf. It was observed previously that extraction of 
soluble enzyme from this acetone preparation varied 
with the reaction of the extracting medium up to 
pH 7*0. Alkaline reactions were not then tried. 
In the present experiment it has been found that 
the amount of enz 3 .une extracted increases up to 
pH 10*0, beyond which the enzyme undergoes con- 
siderable inactivation. Sorensen’s glycine buffer 
and Ringer’s phosphate buffer were employed to 
obtain these alkaline reactions, and Table 1 gives 
results of extraction of 20 mg. acetone -prepared 
enzyme. After extraction the enzyme solution was 
adjusted to pH 5-0 with dilute acetic acid, and a 
fraction equivalent to 20 mg. of original powder 
was employed for activity determinations. All 
reactions were carried out in presence of Mcllvaine’s 
buffer at pH 5*0 and activity expressed in mg. 
ascorbic acid oxidized in 1 hr. 

Table 1 . Enzyme extraction in alkaline solution 


pH ... 

5*0 . 

. 8*0 

9*0 

10*0 

11*0 

12*0 

Insoluble enzyme 
activity 

1*51 

1*31 

1*35 

1*05 

0*62 

0*53 

Soluble, enzyme 
activity 

0*98 

1*02 

1*38 

1*56 

0*32 

0*05 

’ Total activity 

249' 

2*33 

2-73 

2*61 

0*94 

0*58 


The imextracted powder gave an average activity 
of 2*60, which shows that up to pH 10 there is no 
enzyme inactivation. The amount of enzyme ex- 
tracted is maxirnum (60% of total) at pH 10*0, 
beyond which both the soluble and insoluble en- 
zymes are considerably inactivated. It appears, 
tiierefore, that the most suitable reaction for 
extraction of soluble enzyme is pH 10*0, which was 
accordingly employed in the present investigation. 

AI.)out 10 g. of the acetone -prepared leaf powder 
were extracted with 400 ml. buffer at pH 10*0 for 
2 lir., filtered through muslin and squeezed by hand. 
Tlu' residue was extracted twice with 200 ml. buffer, 
tfie extract being squeezed out each time through 
muslin. The extracts were all collected, filtei'ed 
through paper to give a clear reddisli brown extract 
and adjusted to pH f)*0-6*5 by addition of dilute 
acetit* at* id. Tliis acetone preparation had an activity 
oi‘ 0*2 1 'mg. dry weight, while the activity of its 
extratit was 0*43. If we define the amount of enzyme 
that oxiiiizes 1 mg. ascorbic acid as equivalent to 
a unit of enzyme, tlie crude extract was found to 
contain 966 imits out of 2110 units of enzyme in 
the powder, i.e. about 46% extraction. 
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(6) Fractional precipitation with ammonium sul- 
phate. Solid ammonium sulphate was gradually 
added to the crude extract so as to give, as shown 
below, increasing concentrations of the salt. The 
precipitate appearing at each stage was filtered off 
before the next addition of (ISrH 4 ) 2 S 04 . 

Concentration of 

(% saturation) Resulting precipitate 

0 No ppt. 

10 No ppt. 

25 Turbidity but no ppt. 

33-3 Slight brown px>t. (A) 

50*0 Thin dark ppt, (B) 

75-0 Dark ppt. (C) 

100*0 Dark ppt. (D) 

Precipitates A-D were collected separately, sus- 
pended in water and dialyzed against distilled water 
imtil free of (NH 4 ) 2 S 04 . They were all foimd to be 
completely tannin -free when tested with PeCla. 
The precipitates A and B, on dialysis, gave cloudy 
suspensions containing some insoluble matter, while 
C gave a brownish solution with very little insoluble 
substance. Precipitate D, on the other hand, 

yielded on dialysis a dark brown solution. Table 2 
shows the activities and other particulars of these 
four fractions. 

Table 2. Properties of f ractions obtained 
by precipitation 



Vol. of 

SoHd 

Activity 

Enzyme 


suspension 

content 

(units/mg. 

content 

Fraction 

(ml.) 

(mg./ml.) 

dry wt.) 

(units) 

A 

50 

1*80 

1*20 

105 

B 

100 

. 1*76 

1*31 

231 

C 

30 

0*53 

5*70 

91 

D 

100 

0*88 

4*48 

394 


It will be seen that from an initial quantity of 
about 966 miits a total of about 821 units of enzyme 
are recovered in the process. The fractions A and B 
seem to be similar in their activities and also in their 
solid-matter content. Most of the activity in these 
fractions appears to be associated with the insoluble 
matter; for the filtrates from A and B gave ac- 
tivities of only 0*42 and 0*41 unit/ml. respectively, 
while the original suspensions had acti vities of 2* 1 7 
and 2*31 units/ml, respectively. The dialysates re- 
sulting from fractions C and D had much higher 
activities than A and B, and they were, therefore, 
mixed and employed for further purification. 

(c) Purification with lead acetate. In accordance with the 
procedure of Keiiin & Mann [1938] for the purification of 
muslnoom polyphenol oxidase, further purification of tea 
oxidase by means of lead acetate was attempted. In order 
to- determine the amount of lead acetate required to remove 
impurities without affecting the enzyme, a trial experiment 
was conducted. 5 ml. portions of the dialysates (§ (6) 
above) were treated separately with 0*1, 0*2, 0*3 and 
0*4 ml. 1/100 saturated lead acetate and the resulting 
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brownish golatinoiis precipitate was immediately centri- 
fuged off. The colour of the liquid diminished propor- 
tionately with the amount of lead acetate added, and in 
the last instance the centrifugate was almost colourless. 
The activities of the various solutions resulting from the 
above treatment are shown in Table 3. 

Table 3. Activity of material obtained by 
lead acetate fractionation 

Lead acetate Activity of Percentage of the 

solution added resulting solution original activity 
(ml.) (units/ml.) recovered 

0 2*90 100-0 

0-1 2-80 96-5 

0-2 2*28 78-6 

0-3 0-64 22-0 

0-4 0-36 12-4 

This preliminary test shows that lead acetate, even in 
small quantities, brings about a rapid inactivation of 
enzyme. On the dry weight basis, the activity of the 
solution resulting from the addition of 0-2 ml. lead acetate 
solution was 2-85 units/mg., which was only 70% of 
original activity. The method was, in consequence, useless 
for the" purification of tea oxidase and was abandoned. 

(d) Fractional precipitation with acetone in the cold. 
40 ml. enzyme solution (§ (6) above) were cooled to -2 
to - 3° and mixed with cold acetone to give successively 
the following concentrations of acetone: |1) 5% acetone as 
employed by Keilin & Mann [1938] to remove readily 
precipitabie impurities; (2) 40% acetone similar to Kubo- 
witz’s method [1938] for precipitating the potato oxidase, 
(3) >80% acetone which effected more or less total 
precipitation. After good stirring the brown precipitates 
were centrifuged off, dissolved in a small quantity of 
Mcllvaine’s buffer at pH 7-0 and dialyzed against water. 

Table 4. Properties of the material obtained by 
fractional precipitation with cold acetone 


Vol. of 


Cone, of 

fraction 

Activity 

Dry 

Activity 

acetone 

on dialysis 

matter 

(nnits/mg. 

(%) 

(fnl.) 

(units/ml.) 

(mg./ml.) 

dry wt.) 

5 

No ppt. 

— 

— 



40 

11 

13-2 

2-8 

4-7 

>80 

9 

6-4 

2-3 

2-8 


The activity of the original solution is 5-0 units/mg. dry 
weight, ahd this value is not reached by any of the fractions 
obtained, although the 40 % acetone fraction is very near 
to it. At 40% acetone concentration, therefore, the enzyme 
is concentrated into a smaller volume, but on the dry- 
weight basis no purification of enzyme has been achieved. 
Concentrations of acetone above 40% appear to bring 
about inactivation of enzyme. Thus acetone precipitation 
gave no more successful results in the purification of tea 
oxidase than the precipitation with lead acetate. (Table 4.) 

(e) Adsorption on calcium orthophosphate. Cal- 
cium orthophosphate gel has been successfully em- 
ployed in the purification of several oxidizing 
enzymes, e.g. mushroom polyphenol oxidase [Keilin 
& Mann, 1938], laccase [Keilin & Mann, 1938], and 
tyrosinase [Venkateswaran & Sreenivasaya, 1940]. 


Preliminary experiments on the use of this material 
for purification of tea oxidase gave promising re- 
sults, and it has, therefore, since been adopted. 
In a typical adsorption experiment 150 ml. of 
(NH 4 ) 2 S 04 -precipitated enzyme, containing 842 
units, were acidified to pH 6-5 and mixed with 
1-8 g. of freshly prepared gelatinous tricalcium 
phosphate. After standing for 30 min. the mixture 
was centrifuged and the colourless centrifugate, 
which contained only 42 units, was discarded. The 
-phosphate cake was extracted three times with 
10 ml. M/2 K 2 HPO 4 solution, elution being carried 
out for I-, 2 and 4 hr. respectively. The mixture was 
centrifuged once again, and the eluates all combined 
and dialyzed against distilled water. 120 ml. of 
pale yellow solution resulted, with 0-53 mg. dry 
weight/ml. and an activity of 5-0 units/mg. dry 
weight. 

A second adsorption as above resulted in 30 ml. 
of an almost colourless dialyzed solution: dry 
weight, 0-20 mg./ml. and activity 10 - 1 /mg, dry 
weight. A 6 0-70 -fold pm^ification of enzyme in the 
acetone preparation (activity 0-15 imit/mg, dry 
weight) has thus been effected by {NH 4 ) 2 S 04 frac- 
tional saturation and the two adsorptions just 
described. This, taken in conjimction with the fact 
that the soluble enzyme forms, mider the most 
favourable conditions, only 60 % of the total quan- 
tity of enzyme present in the acetone preparation, 
shows that the actual concentration of soluble 
enzyme effected is about 100-fold. Further, on an 
average the acetone-prepared enzyme forms about 
50 % of the dry weight of leaf and the latter roughly 
amounts to a fourth of the fresh weight. These data, 
therefore, indicate that the activity of the purest 
preparation obtained is at least 800 times greater 
than the activity of fresh tea leaf. 

There are indications that the stability of the 
enzyme suffers considerably on purification by ad- 
sorption, elution and subsequent dialysis. Most of 
the inactivation occurs during dialysis which, how- 
ever, is necessary for the dry -weight determinations 
and therefore cannot be excluded. It is, therefore, 
advisable to neutralize the eiuate and determine its 
activity before dialysis. Dry -weight determinations 
could be done oh the dialyzed preparations, with 
proper allowance for the increase in voliixiie during 
dialysis. Inactivation can be much reduced if the. 
alkaline eiuate is neutralized before dialysis. Thus 
it is possible that the protein carrier of the enzyme 
in a purer state cannot stand contiiiiious contact 
with the alkaline medium, wliieli ma\' rapidity de- 
nature the protein. The possi]:fility' also of the 
existence of a protecting substance or an additional 
prosthetic group which is remo^'ed during adsorp- 
tion camiot be excluded. The work of Keilin & 
Mann [1940] on the blue pigment of laeease lends 
support to the latter hypothesis. 
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Relationship between iron and copper contents adsorption experiments, 

and enzyme activity enzyme activity was determined immediately 

after elution and neutralization. § 3 (e) above gives 
In order to elucidate any possible relationship reasons for suspecting that the continued contact 
between Cu and Fe on the one hand and the activity with alkaline phosphate inactivates the enzyme in 
of the enzyme on the other, quantitative data were its purei* state, and for this reason the low value of 
obtained on the contents of these metals in the enzyme activity here shown is also suspect. ISTo. 13 
several purified preparations of enzyme as described refers to a fractional precipitation of the enzyme 
above. Table 5 contains some tj’^pical results of solution wdth 40 % acetone. It is not unreasonable 

Tables. RelatiofisMp between 'Fe and Qm contents and enzyme activity 

Activity Cu content Fe content 

■ (anits/g. , ^ ,, —A ^ 


No. 

Stage of purification 

dry 

enzyme) 

(/^g-/g-) 

(^g./unit 

activity) 

(^^g-/g-) 

(^g./unit 

activity) 

1 

Acetone-prepared enzyme 

151 

32 

0-21 

150 

1-00 

2 

Crude extract 

330 

60 

0-18 

119 

0-36 

3 

(NH 4 )aS 04 J sat. ppt. 

890 

145 

0*16 . 

1364 

1*53 

4 

(NH 4 ) 2 SO.i full sat. ppt. 1 

3,100 

267 

0-09 

2400 

0-77 

5 

After adsorption on and elution from Ca 3 (P 04)2 gel. 1 

5,060 

625 

0-12 

0 

0 

6 

(Nll 4 ) 2 S 04 full sat. ppt. II 

6,600 

520 

0-08 

1558 

0-24 

7 

Ca 3 (P 04)2 adsorbed and eluted enzyme II 

4,000 

364 

0-09 

0 

0 

8 

(NH 4 ) 2 S 04 full sat. ppt. Ill 

3,546 

335 

0-09 

789 

0-22 

9 

Ca 3 (P 04)2 adsorbed and eluted enzyme III, first adsorption 

5,000 

357 

0-07 

0 

0 

10 

Ca 3 ( P 04)2 adsorbed and eluted enzyme III, second adsorption 

10,100 

800 

0-08 

0 

0 

11 

x4.dsorbed cake residue from no. 9 eluted again with alkaline 

2,830 

313 

Odl 

0 

0 

12 

phosphate 

Cake from no. 11 eluted with -J- sat. (NH 4 ) 2 S 04 

2,440 

244 

0-10 

610 

0-25 

13 

(NH 4 ) 2 S 04 fuU sat. enzyme precipitated at 40% acetone 

, 4,700 

714 

0*15 

1786 

0-38 


concentration 


these determinations and also the activities of the 
preparations/g. dry enzyme. To facilitate compari- 
son, contents of Fe and Cu/imit activity of enzyme 
are also given. 

It will be noticed that Fe is present in the enzyme 
preparations up to a certain stage in pm’ification 
but disappears as purification proceeds further. It 
actually increases during the initial stages, although 
this increase is not in proportion to the increase in 
activity. Absence of Fe in the adsorption-purified 
enzyme makes its association ’with the active mole- 
cule of the enzyme impossible. 

On the otlier hand, tliere is a steady increase in 
tile Cu content of the preparations, with increasing 
a.eti\’ity,'g. dry weight of material. In the more 
acth’e preparations, however, tliere exists a fair 
proportionality betw-een enzyme activity and Cu 
content. The Cu content/unit activity approaches 
a constant x'alue on progressive purification. When 
tiie aeti\Ities of the purified enzyme preparations 
are plotted against tiieir corresponding copper con- 
tents an approximate straight-line relationship 
becomes evident (Fig. 3). 

There are two points winch diverge very appre- 
eiabh’ from Uie linear relationship between activity 
and (hi (.‘ontent shown by the rest of the data. 
xAgainst these points the number of the preparation 
to will eh tiiey refer is shown. No. o is a preparation 
in wliidi the activity was determined after dialysis 
following adsorption and elution, in eontradistinc- 


to suggest that the acetone effected both a concen- 
tration of the enzyme (which would give a value 
much higher than the original 5-0) and also inacti- 
vated a portion of it. In this case the apparent 



Fig, 3. Keiationship between the Cu content 
and the activity of tea oxidase. 

drop to 4-7 wmild not represent the full extent of 
inactivation, and again, this result is rendered 
suspect. In both these cases, therefore, there are 
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reasonable criteria for rejection of these two data 
when the activity -Cu relationship is considered. 

The proportional relationship between the Gu 
content and the activity of the preparations is 
apparent even amongst the batches of acetone- 
prepared enzyme when such preparations are ob- 
tained from individual bushes whose leaf showed a 
fairly wide range of activity. For instance, the 
bushes whose acetone-prepared enzyme prepara- 
tions had activities of 224, 193, 185 and 80 respec- 
tively/g. of material contained 20 , 16, 16 and 4yg. 
of Cu/g. respectively. Since even in these prepara- 
tions, which can by no means be considered pure, 
the ratio between the enzyme activities and Cu 
appears to be of the same^order as that obtained 
with Turther purified preparations, it is possible 
that the Cu found in these preparations is mostly 
enzymic. This idea receives support from the fact 
that some of the fractions exhibiting only slight 
activity do also contain some Cu, but it is not in 
any great excess over the amoxmt that corresponds 
to their activity. However, not all the Cu present 
in the fresh leaf belongs to the enzyme. Part of 
the Cu present in fresh leaf but not essential to the 
enzyme is indeed removed during extraction with 
acetone. ^ 

f Dialysis against 'KQl^ 

While ordinary dialysis removes all ‘free’ or 
ionic Cu from the enzyme preparations, dialysis 
against cyanide results also in loss of bound Cu 
from the enzyme. This method of removal of bound 
Cu was originally devised by Kubowitz [1937 ; 1938] 
in his study of potato oxidase and later employed 
by others [Meildejohn & Stewart, 1941; Allen & 
Bodine, 1941]. In the Cu-protein systems studied, 
complete removal of Cu resulted in total inactiva- 
tion of enzyme, which showed that Cu formed part 
of the enzyme molecule. 

In experiments with tea-oxidase preparations, 
dialysis against KCH has also been carried out, 
with a similar object. To 10 ml. samples of 
(a) (NH 4 ) 2 S 04 -purified enzyme and (6) Ca^(POj 2 - 
adsorbed enzyme, solid KCN was added to give a 
concentration of M / 100 KCN, and the mixtures 
dialyzed against Cu-free water until all KCH was 
removed. In Exps. 2 and 3, the enzyme solutions 
were fii*st dialyzed for about 4 hr. against M/1000 
KCH solution and then against Cu-free water. 
Table 6 gives the activities and iron and copper 
contents before and after ICCIST treatment. 

In the case of {]SrH 4 ) 2 S 04 -purified enzyme there 
is apparently a tendency to retain part of the 
original Cu after treatment with JKCN. By con- 
tinued dialysis against KCJST, as in Exp. 2 , most of 
the Cu can, however, be removed from the enzyme 
solution. The enzyme preparation obtained after 
adsorption loses its Cu more easily when subjected 


Table 6 . Dialysis of tea oxidase against KCH 

Percentage 
KGN- remaining 
Original dialyzed after KCN 
enzyme enzyme treatment 

Exp. 1. (]S[H 4 ) 2 S 04 -purified enzyme 
Dialyzed against water 


Activity'/g. 

6000 

2800 

42 

Cu, ixg.jg. 

520 

206 

40 

Fe, ^ig./g. 

1558 

1647 

106 

Exp. 2. 

(NH 4 ) 2 S 04 -purified enzyme 


Dialyzed against KCN + water 



Activity/g. . 

2872 

206 

,7 

Cu, /:ig./g. 

335 

35 

10 

S'®, /ig./g- 

789 

701 

89 


Exp. 3. Ca 3 (P 04 ) 2 -adsorbed enzyme 
Dialyzed against KCN -f- water 

Activity /g. 3562 0 0 

Cu, /xg./g. 313 0 0 

Ee, ftg./g. 0 0 0 

to KCN dialysis, which renders this preparation 
completel^^ free from Cu. It is significant that in 
every case the activity of the KCN -treated pre- 
paration is proportional to the amoxmt of Cu re- 
tained in the solution; when the entire Cu is 
removed, the preparation becomes completely 
inactive in catalyzing the oxidation of polyphenols. 

The Fe content is not significantly affected by 
the KCN treatment, and its presence seefiis to be 
immaterial for the activity of the preparations. 

Previous workers, already cited, have fomid it 
possible, by addition of inorganic Cu, to restore the 
activity of preparations inactivated by dialysis 
against KCN. Kubowitz [1937; 1938] reports a 
restoration of 93 %, ‘Meiklejohn & Stewart 67%. 
The behavioxu’ of tea oxidase, how'ever, seems to 
be different in this respect from the above instances. 
For, wdien Cu is removed from tea oxidase by KCN 
dialysis, it has not been possible to restore activity 
even after addition of six to ten times the original 
amomit of Cu. For this purpose the inactive 
dialyzed preparations were allow- ed, after addition 
of CUSO 4 , to stand for a few hours and w'ere then 
dialyzed against water to remove excess Cu. The 
preparations remained inactive. 

The failure of inorganic Cu to restore the enzyme 
activity may perhaps be due to its inability, after 
once being split off, to recombine with the protein 
residue of the enzyme molecule. Tiie p<jssibl;s' labile 
nature of the protein part has already been nien- 
tioned, and during KCN dialysis it is likely that tlio 
protein may have been altered in a manner wiiieii 
makes reconstruction of enzyme impossible. E\’en 
in Meiklejohn <fe Stewart’s [1941] experiments, the 
necessity for adding large excesses of inorganic Cu 
to restore only part of the original aeth'ity may be 
considered as indicative of the unstable nature of 
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the protein residue of the enzyme. Although re- 
storation of inactive tea-oxidase preparations has 
not been successful, the complete loss of activity 
that attends a total removal of Cu must be regarded 
as providing evidence for Cu forming the active 
group of the enzyme. 

IST content of active preparations 

Since the purest enzyme is considered to be a Cu 
protein, its X content may be expected to be about 
15-16 % of dry weight, as in the case of other pro- 
teins. X determinations of partially purified pre- 
parations may, therefore, be taken to indicate the 
extent of purification effected, provided the pre- 
parations do not contain any nitrogenous impurities. 
It seems unlikely that, after (NH4)2S04 precipita- 
tion and dialysis and the operations preceding it, 
the tea-oxidase preparations contain any unknown 
nitrogenous impmities. Table 7 gives the results of 
micro -determinations of X on some of the more 
active preparations of enzyme, together with their 
activities. 


Table 7. X contents of enzyme preparations 



Activity 

(imits/g. 

X 

Preparations 

dry wt.) 

(%) 

1, (NH4)2S04-precipitated enzyme I 

4,700 

3-96 

i :■ 2. (NH4)2S04-precipitated enzyme II 

3,546 

3*47 

3. Xo. 2 after adsorption on Ca3(P04)2 

5,000 

4-97 

4. Xo. 3 after a second adsorption 

10,100 

6-60 

5. Xo. 3 elution with sat. (XH4)2S04 

2,882 

2-73 

It will be noticed that the X 

content 

of the 


preparations varies with the degree of purification 
obtained. If the X content of the pui’e substance 
is about 15%, our best preparation is only about 
40 % pure. 

DISCUSSIOX 

In plant extracts, a certain anioimt of catalytic 
oxidation of ascorbic acid is probably due to the 
presence of ionic Cu, as distinct from the action of 
enzymic Cu, which is no doubt very much greater 
than tlie former. Since, in the present investigation, 
estimations of pol}?phenol oxidase activity have 
been carried out by means of ascorbic acid, it is 
relevant to consider if there has been any inter- 
ference in tiie resuits from this source. Such inter- 
ference, if an,y, is possible only in the ease of 
acetone-prepared enzyme powxler and the crude 
extract. All other preparations clearly cannot con- 
tain any ionic Cu, as tiiey iiave all been subjected 
to a proionged dialysis during the course of purifi- 
cation. Tiie more important conclusions reached in 
tiie.se experiments hav'e been based on the dialyzed 
preparations, and as such they are imaffected by 
any possible presence of Cu ions in the fresh 
leaf.' ■ 


Xo correlation has been perceived betw^een the 
Fe content and the activity of preparations studied. 
On the contrary, the most active preparations are 
characterized by a complete absence of Fe, while 
the Fe contents in other preparations rendered 
inactive by dialysis against KCX remained im- 
affeeted. The possibility, therefore, of the enzyme 
being of the nature of a haemochromogen is ex- 
cluded. This is in support of our previous conclu- 
sions based on spectroscopic and other evidence. 

On the other hand, the evidence presented in this 
investigation show’-s a close relationship between the 
Cu content and tea-oxidase activity. In the more 
concentrated preparations the catalytic activity 
runs fairly parallel to the Cu content. Removal of 
Cu from the enzyme complex by dialysis against 
KCX results in its inactivation. These results point 
to the conclusion that, like other known polyphenol 
oxidases, tea oxidase also is a metalloprotein with 
Cu as its prosthetic group. 

To obtain an idea of the degree of success in the 
purification of the tea enzyme in our best prepara- 
tion, a comparison may be made between the 
activities of our enzyme and that of Kubowitz. 
Calculated in terms, of Og uptake, the purest pre- 
paration of tea oxidase obtained in these experi- 
ments has an activity of 27 /xL Og/min./jag. of 
enzymic Cu (Qo„/9^=l'6x which is roughly 
one-tenth the figure obtained by Kubowitz for the 
potato oxidase. With the limited equipment avail- 
able here, attempts to purify the enzyme further 
have not as yet proved successful. 

SUMMARY 

1. Tea oxidase has been purified to a concentra- - 
tion of at least 800 times th^t present in fresh leaf. 

2. The purest preparation obtained had an ac- 
tivity of 10,100 units/hr./g. dry weight of enzyme, 

1 unit of enzyme being defined as the amount which 
brings about the oxidation of 1 mg. ascorbic acid. 
The Cu content of this preparation is 0*08 % and 
nitrogen 6*60%. It has been calculated that l jug. 
of enz^nnic Cu catalyzes an Og uptake of 27 yl. 
02/min. 

3. The enz;^rme preparations purified by adsorp- 
tion on Ca3(P04)2 gel were completely free from 
Fe. ■. 

4. In the more active preparations the poly- 
phenol oxidase activity is proportional to the 
amoimt of Cu present. Complete removal of Cu 
inactivates the enzyme; res;>mthesis of enzyme by 
addition of CUSO4 has not been possible. 

The author’s thanks are due to Dr R- V. Norris, the 
Director, Tea Research Institute of Ceylon, for permission 
to publish this paper and to Dr T. Eden, Agricultural 
Chemist, for critical reading of the manuscript. 



Oxidation of Acetic Acid in Animal Tissue 


674 


1943 


REFERENCES 


H. B. SREERANGACHAR 


By A.^ KLEINZELLER, Department of Biochemistry, University of Sheffield 


{Received 7 October 1943) 


it is known that acetic acid is readily 
oxidized in the animal, little is Imown of the inter- 
mediate stages on its oxidative path in the animal 
body, and numerous schemes have been suggested 
for its intermediate metabolism. In the present paper 
the oxidation of acetic acid and related 2 -carbon 
compounds in animal tissue was examined. The 
suggest that neither glycollic acid, glyoxylic 
acid, nor glycine are interrnediates in the oxidation 
of acetic acid. 

In the course of the investigation it was found 
that glyoxylic a'cid is a strong inhibitor of tissue 
respiration and of carboxylase. This observation 
may be useful in the study of enzymic reactions. 

METHODS 

Prepctration of glyoxylic acid [Mohrschulz, 1926]. The 
Ca-salt was isolated and recrystallized tliree times (analysis i: 
Ca, found 17-9%; calc. 17-9%). The Na-salt used was pre- 
pared from the Ca-salt by an equimolecular quantity of 
NasCOg. 

Manometric experiments were carried out at 40° in 
Warburg’s conical flasks. Tresh tissue was either sliced or 
minced. In every .experiment tissue from the same normally 
fed animal was used, and the results are therefore directly 
comparable. 

The rate of disappearance of carboxylic acids was studied 
a method first described by Meyerhof & Lohmann [1926] 
[see also Elliqtt & Schroeder, 1934]. The method is based 
on the fact that the oxidation of a carboxylic acid in a 
buifered medium yields, under certain conditions, 
bicarbonate. The increase of bicarbonate in the solution is - 
therefore a measure of the oxidation of the organic acid, 
slices (dry weight 7-30 mg. according to species and 
were suspended in 3 ml. physiological saline [Krebs 
& Henseleit, 1932] containing 80pl. bicarbonate/ml. The 
substrates were added as Na-salts to the main compartment 
of the flask. 0*2 mi. 21sr NaOH was placed into the centre 
and, unless otherwise stated, the gas space of the cup 


was filled with Og. The manometers were put into the 
thermostat and the Og uptake was measured after an equi- 
libration period of 10 min. The total Og uptake was calcu- 
lated by extrapolating for the equilibration period. After 
the incubation period (90-120 min.) the cups were cooled 
with ice, and the slices removed, washed, dried, and weighed. 
The NaOH in the centre 'vxell was replaced by 0*1 ml. 10% 
H2SO4, and 0-2 ml. 10% H2SO4 was measured into the 
side-arm. The gas space was fiUed with 5% COg in 
and, after equilibration, the amount of NaHCOg in the 
solutions was estimated by acidification. The values found 
were corrected for the amount of NaHCOg carried by the 
tissue slices, on the assumption that a volunie of liquid 
equalling 10 times the dry weight of tissue is introduced 
or removed with the tissue. From the values obtained, 
Qo^ and (^bicarbonate (^bic.) wei’c calculated, ft,;,., is equal 
to the negative metabolism quotient of the substrate In- 
vestigated ( - ftubstrate)? provided that no acid groups are 
formed during the experiment, and the carboxylic group is 
oxidized. When the carboxylic group is not altered as a 
result of the metabolism, the changes of bicarbonate found 
in the experiment are not related to the utilization of the- 
substrate. 

In experiments with minced tissue, 3 mi. of a suspension 
of tissue in phosphate saline [Krebs, 1933] were measured 
into the main compartment; 0*2 ml. 2K HaOH was placed 
into the centre well, and the substrate was mea.sured into 
the side-arm and made up to 1 ml. with the saline medium. 
The gas space was filled with Og. After an equilibration 
period of 10 min. the contents of the cup were mixed and 
the Og uptake was measured. 

In anaerobic experiments, yelio-w phosphorus was placed 
in the centre well, the gas space filled with 5% COg in Kg, 
and the COg output measured. 

' In Rome of the experiments lactic acid was estimated 
according to Friedemann, Cotonio & Shafier [1927]. 

RESULTS 

Oxidation of acetate. As measured by the forma- 
tion of bicarbonate, this is more rapid in guinea-pig 
kidney cortex than in,; any other tissue examined 
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(see Table 1): 0-0156M acetate (final concentration) 
increases Qo^ about 60 % above that of a control 

without substrate, and the average Q^ic. is +7-6 as 
compared with + 1*0 in absence of any substrate 
(average of 16 experiments). Elliott & Schroecler 
[1934] and Elliott, Benoy & Baker [1935] found in 
the presence of acetate a Q^ic. of 4-7 in rabbit and 
4-1 in rat kidney. in the presence of acetate 
increases with the concentration of substrate 
(Table 2). 


Table 1. Oxidation of acetate in various tissues 



Acetate 




added 



Tissue 

(M) 

^02 

^bic. 

Guinea-pig: Kidney 

0 

-12-5 

+ 2-0 


0*0156 

-18*1 

+ 7*3 

Liver 

0 

~ 6-4 

+ 0*28 


0*0156 

- 7-6 

+ 2-27 

Brain 

0 

- 8-0 

4-0-56 


0*0156 

- 7*5 

-hl-15 

Rat : Kidney 

0 

-23-2 

4-1-12 


0*0156 

-29*6 

+ 4-2 

Table 2. Effect of substrate concentration on the 

oxidation of acetate 

in guinea-pig hidney co7'tex 

Acetate cone. 




(M) 

Qo,2 


^bic, 

0 

~ il S 


+ 0-68 

0-00125 

-17*2 


+ 3-1 

0-0025 

-17*3 


+ 4-0 

0-005 

-18*4 


+ 5-5 

0-01 

- 20*0 


+ 6-4 

0*02 

-21*6 


+ 7-2 


Effect of ■pK. The effect of pH on acetate oxida- 
tion was studied by using gas mixtures containing 
different concentrations of COg for filling the vessels. 
No NaO H was placed into the centre well. A higher 
rate of NaHCOg formation from acetate was found 
when the manometers were filled with a mixture of 
CO 2 and Og, instead of O2, with NaOH in the centre 
well. slightly decreases with increasing con- 
centrations of CO 2 in the gas mixture (Table 3). 

Table 3. Effect o/pH on acetate oxidation 


Solution Approx. Acetate 


Gas ■ 
mixture 

in centre 
■ well 

pH 

(calc.) 

added 

(M) 

Q02 

^bic. 

0, 

NaOH 

7*33 

0 

- 12-2 

+ 1*28 

O2 

NaOH 

7*33 

0-015 

-17-7 

+ 5-91 

1 “0 CO, 

None 

7*33 

0*015 


+ 7*8 

in O2 

CO. 

None 

6*6 

0*015 

— 

+ 6*9 

in (>2 

20% CO., 

None 

6-0 

0*015 

— 

+ 6-32 

'.ill 0. 


Effect of aiinaonium ions. Ammonium ions have 
a catalvtic effect on the utilization of some sub- 


strates in kidney cortex [Edson, 1935; Krebs & 
Cohen, 1939]. Table 4 shows that NH4CI inhibits 
the oxidation of acetate, as measured by bicar- 
bonate formation; the O2 uptake is also reduced. 
No appreciable disappearance of NHj was ob- 
served. InJiibition of respiration by NH4CI has 
been previously observed in liver [Edson, 1935], in 
brain [Weil-Malherbe, 1938] and in the presence of 
acetoacetate in kidney [Edson, 1935]. 


Table 4. Effect of NH^Ci on acetate oxidation 
Additions (final concn.) 


Acetate 

(M) 

NH4CI 

(yl) 

^02 

^bic. 

0 

— 

-13-5 

+ 1*61 

0*0156 

— 

-22*2 

+ 9*15 

0 

1120 

-13-0 

+ 0*91 

0*0156 

224 

-16-4 

+ 4-35 

0*0156 

560 

-17-5 

+ 5*78 

0*0156 

1120 

-17*2 

+ 3*4 

0*0156 

. 2240 

-17*6 

+ 2*92 


Effect of anaerobic conditions. No bicarbonate is 
formed from acetate under anaerobic conditions 
(Table 5). This confirms unpublished experiments 
of Dr D. Herbert [private communication], made 
by different methods. 

Table 5. Effect of anaerobic conditions on the 
bicarbonate formation from acetate 


Acetate 

CO2 

NaHCOs 

Total 

added 

liberated 

found 

CO2 

(M) 

(/xL) 

{gX.) 

(/xL) 

0 

41 

235 

276 

0*0156 

,39 

228 

^ 267 


Effect of malonate, Malonate was found to inhibit 
the formation of bicarbonate from acetate in guinea- 
pig kidney cortex (Table 6). The inhibition is slight 
at a concentration of 0-001 M, whilst almost com- 
plete inhibition is found at a final concentration of 
0-031 M. This inhibition of acetate oxidation is 
abolished neither by glutamate nor by glucose. 
Inhibition of the oxygen uptake of liver slices in the 


Table 6. ^ Effect of malonate on the bicarbonate 
for^nation from acetate 

Additions 


Exp. 

no. 

Acetate 

(M) 

Malonate 

(M) 

^2 

^bic. 

1 

— 

— 

-15*1 

+ 2-18 


0*0156 

— 

' -22*4 

+ 9*1 


0*0156 

0*031 

-13*5 

+ 1-9 

2 

— 

— ' 

-15*7 

0-0 


— . 

0*01 

-13*0 

+ 0-87 


0*0156 


-23*3 

+ 8-52 


0-0156 

0-01 

-14*8 

+ 3-7 


0-0156 

0-003 

-17*2 

+ 6*4 


0-0156 

0*001 

-17-8 

+ 8*0 
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presence of acetate lias been reported by J owett & 
Qnastel [1935]. 

Oxidation of 2-mrbon compounds in kidney coHex, 
Challenger, Subramaniam & Walker fl927] sug- 
gested that in moulds acetate is oxidized to form 
glycoliic, glyoxyiic, and oxalic acids. This scheme 
of oxidation has also been suggested for animal 
tissue [Dakin, 1922; Toeniessen & Brinkmann, 
1930]. The oxidation by kidney cortex of glycoliic 
and glyoxyiic acids and of two other 2 -carbon 
compounds, glycine and ethanol, which might 
possibly be expected to be connected with the 
metabolism of acetate, was tested (Table 7). Neither 
glycollate, which was shown to be oxidized by rat- 
and rabbit-liver preparations [Dohan, 1940], nor 
glycine, is appreciably oxidized by guinea-pig 
kidney cortex. On the other hand, glyoxylate was 
found to be a strong inhibitor of tissue respiration. 

of kidney tissue in presence of 0*01 56 M or 
lower concentrations of glyoxylate was generally 
negative. This observation indicates the formation 
of free acidic groups. Ethanol has no marked effect 
on the Og uptake; this confirms the results of 
Leloir & Munoz [1938]. 

Table 7, Oxidation of 2 -carbon compounds in 
guinea-pig kidney cortex 


Exp. 


no. 

Substrate 

Qo^ 

^bic. 

1 

— 

- 14*3 

-fO-85 


0*0156M acetate 

- 20*4 

+ 6*76 


0*0156 M glycollate^ 

~ 14*7 

-f0*99 

2 

— 

-13*0 

-f-l*85 


0*0156 M acetate 

-16*6 

4-5*15 


0*0156 M glycine 

-12*6 

4-1*82 

3 

— 

-13*6 

0*0 


0*0156 M acetate 

-20*2 

4-5*8 


0*0156M glyoxylate 

- 7*2 

. -3*68 


0'0065M glyoxylate 

- 13*5 

- 1*5 


0*0032 M glyoxylate 

-14*5 

-0*44 

4 

_ 

-12*2 

4-1*28 


0-0156M acetate 

-17*7 

4-5*91 


0-0156M ethanol 

- 12*55 

4-1*12 


Inhibition by glyoxylate. Glyoxylate has a strong 
inhibitory effect on the respiration of liver, muscle 
and kidney. In minced pigeon-breast muscle and 
liver the inhibition of respiration increases with 
time (Fig. 1; Table 8). The glyoxylate inhibition in 
pigeon-breast rnuscle is not abolished by citrate. 


Table 8. Effect of glyoxylate on the respiration 
of minced pigeon-breast muscle and liver 


Cup 

'Tissue 

Tissue 
wet wt. 
(mg.) 

Glyoxylate 

(M) 

Og uptake/ 
60 min. 

w 

'■1 ■' 

Muscle 

250 

0 

1179 

2 : 

Muscle 

250 

0*00625 

441 

3 

Liver 

400 

.0 

865 

4 ■ 

Liver 

400 

^ 0*00625 

443 
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fumarate or pyruvate, and only slightly by a-keto- 
glutarate or succinate. 

Under anaerobic conditions, acid or COg produc- 
tion of guinea-pig kidney cortex and of liver is 
increased by the presence of glyoxylate. No in- 



Eig. 1. The effect of 0-00625M glyoxylate on the respira- 
tion of minced pigeon-breast mnscle and Hver. The 
numbers of the curves correspond with the numbers of 
cups in Table 8. 

creased formation of lactic acid in the presence of 
glyoxylate was observed in liver tissue (Table 9). 
Glyoxylate therefore does not increase the glyco- 
lysis of liver, and it may be assumed that the 
formation of free acidic groups in the presence of 
glyoxylate under anaerobic conditions is due to a 
coupled oxide -reduction of the substrate according 
to the reaction : 

2G00H.CH0-fH20 

= COOH . GOOH 4- GOGH . CH^OH. 

Dismutation of glyoxyiic acid according to the 
above reaction has been reported to occur in the 
presence of strong alkali [Bottinger, 1880], or of 
yeast maceration juice [Stepanow & Kusin, 1930]. 

Table 9. Effect of glyoxylate on formation of QO^ 
and lactic acid under a7taerobic conditions 

Tissue 


No. 

(of guinea- 
pig) 

Glyoxylate 

(M) 

QcO>i 


1 

Kidney 

0 

0*0143 

hm 

3*13, 

— 


Liver 

0 

■ 0*0143 

1*85. 

^ 3*0 , 

, ' 

2 

' Liver 

' 0*0143 ^ , 

L3-56, 4 
■5-30" 

3-87 
■ '"3*83: 


► 
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Ejfect of glyoxylate on carboxylase. The decarb- 
oxylation of pyruvate by fresh yeast maceration 
juice is inhibited by glyoxylate. This inhibition 



Fig. 2. Effect of glyoxylate on the decarboxylatioii of 
pyruvate b};" yeast maceration juice. Cup content: 
400 uL pyruvate, 0-3 ml. 3M acetate buffer pH 5*0, 
3-5 ml. HgO. Side-arm: 1 ml. yeast maceration juice. 
Volume made to 5 ml., temp. 25°. Cone, of glyoxylate: 
1 = 0; II==0*001M; ni==0*b02M; IV==0-004M. 

increases with increasing concentrations of gly- 
oxylate (Eig. 2). It is probable that glyoxjdate 
competes with pyruvate for the active groups of 
carboxylase. 

DISCUSSION 

The investigation of the oxidation of glycine, giy- 
collic and glyoxylic acids in guinea-pig kidney 
cortex, as measured by the formation of bicar- 
bonate, has shown that none of these substrates 
can be an intermediate in the oxidative path of 
acetate. Apart from the substrates investigated, 
the only substance that could arise by direct oxida- 
tion of acetic acid is oxalic acid, which is known to 
be little utilized in animal tissue [Dakin, 1922]. It 
seems that the oxidation of acetic acid follows other 
pathways, probably involving condensation reac- 
tions. Condensations of acetic acid have been de- 
monstrated by Loeb [1912], who found that aceto- 
acetic acid is formed from acetic acid, and recently 


Slade & Werkman [1942], using isotopic carbon, 
demonstrated the condensation of acetic acid to 
succinic acid and butylene glycol in bacteria. 
Lipmann [1941] suggests that acetate condenses 
wdth phosphate to form acetylpliosphate before 
undergoing oxidation. 

. SUMMARY 

1. The oxidation of acetate, glycollate, and gly- 
oxylate in guinea-pig kidney cortex was studied by 
examining the effect of these substrates on the Gg 
uptake and the formation of bicarbonate. 

2. The oxidation of acetate, as measured by the 
formation of bicarbonate, was more rapid in guinea- 
pig kidney cortex than in any other tissue examined. 
On the average, 0*01 56 M acetate raised the by 
about 50% and Obic. was +7-6 as compared with 
a <?bic.+ 1*0 in absence of added substrate. 

3. The oxidation of acetate was found to increase 
with the substrate concentration ; it depends on the 
pH, the highest having been found when the 
pH of the medium was decreased by filling the 
vessel with 1% CO 2 in O 2 ; NHj decreased the 
oxidation of acetate; no bicarbonate was formed 
under anaerobic conditions. 

4. Malonate inhibited the oxidation of acetate 
in guinea-pig kidney. The inhibition was almost 
complete at a concentration of 0*03 IM malonate. 

5. Glycine, glycollic acid, and ethanol were not 
appreciably oxidized in guinea-pig kidney. Gly- 
oxylic acid is a strong inhibitor of tissue respiration. 

6. Glyoxylic acid strongly inhibits the decarb- 
oxylation of pyruvate by fresh yeast maceration 
juice. 

7. Glyoxylic acid to a small extent may undergo 
a coupled oxido -reduction in liver and kidney tissue 
to form glycollic and oxalic acids. 

8. It is concluded that neither glycollic nor 
glyoxylic acid is an intermediate in the oxidation 
of acetic acid in guinea-pig kidney cortex. 

The author wishes to express his thanks to Br H. A. 
Krebs for having suggested this investigation, and for his 
constant help and advice. 
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Butyric acid is known to undergo a number of 
metabolic reactions in animal tissue, viz. oxidation 
to acetoacetic and jS-hydroxybutyric acids, forma- 
tion of carbohydrate [Cross & Holmes, 1937; 
Blixenkrone-Moller, 1938], and complete oxidation. 
The intermediate steps in these reactions are, 
however, still largely unknown. In the present 
paper experiments on the oxidation in animal tissue 
of butyric acid and a number of hitherto un- 
examined 4 -carbon monocarboxylic acids will be 
reported. The metabolism of the latter was studied 
with the object of ascertaining whether they might 
be intermediates in the metabolism of butyric acid. 
It will be shown that vinylacetic, dZ-ay-dihydroxy- 
butyric, y-hydroxybutyric, and in some tissues 
trans-y-hydroxycrotonic acids are oxidized in animal 
tissues; dl- fiy-dihydroxyhutyric acid is little oxi- 
dized in kidney cortex, but causes the formation of 
a ^-ketonic acid in starved rat and pigeon liver; 
tetrolic and tetronic acids are not oxidized in animal 
, whilst vinyiglycollic acid is an inhibitor of 
respiration. 

EXPERIMENTAL 

Preparations 

y-Hydroxybutyric acid was prepared according to Fichter 
& Herbrand [1896]. b.p. 202'". The preparation was free 
from succinic acid. 

Vinylacetic acid [Linstead, Noble & Boorman, 1933]. 
b.p. 72-5~75713inm.; 39-5 mg. required 4*54 ml. 0-1 N 
NaOH; calc. 4*60 ml. 

Tetrolic acid [Feist, 1906]. m.p. 75-5°. 

df-ay-Dihydroxyhiityric acid [Nef, 1910]. The lactone of 
the acid, together with lactic acid, was extracted with ether 
from a mixture of saccharinic acids obtained by treating 
lactose with 8 N NaOH. The acids were distilled at 5-6 mm., 
b.p. 115-120*"; the distillate was neutralized with NaHCOg j 
and the a-hydroxybutyrolactone was extracted with ether. 
The extracted lactone was converted into the phenyl- 
hydrazide (m.p. 130°), the hydrazide was decomposed with 
Ba( 0 H) 2 , the phenylhydrazine extracted with ether and 
the lactone extracted after acidifying with H 2 SO 4 ; 42T mg. 
required on heating 4'05 ml. OTN NaOH, calc. 4*04 ml. 

^-Pf-Didvydroxybviyric acid [Nef & Dar Juan, 1910]. 
89-2 mg. required on heating 4-25 ml. 0*2 N NaOH, calc. 
4*37 ml. 

tmns-y-Eydroxycrotonic acid [Rambaud, 1935]. m.p. 
107*5°. 

Vinyiglycollic acid was isolated from the higher boiling 
fractions after the distillation of its methyl ester [van der 
1902]. b.p. 127*5711 nim.; 100*8 mg, required on 


heating 4*90 mi. 0-2N NaOH, calc. 4*95 ml. An attempt 
to isolate the crystalline Ba-salt [van der Sleen, 1902] was 
unsuccessful. 

Tetronic acid was prepared by Dr H, A. Krebs according 
to Wolff & Schwabe [1896]. 

The other substrates were commercial preparations. The 
substrates were used as Na-salts. 

Methods 

1. The experiments were carried out on slices of kidney 
tissue from well-fed animals, unless it is stated that fasting 
animals were used. The oxidation of the various substrates 
was studied by the method of Meyerhof & Lohmann [1926] 
(see Kleinzeller [1943]). The formation of bicarbonate from 
crotonic and vinylacetic acids, as measured by this method, 
was compared with the disappearance of double bonds in 
the presence of these acids; the tw''o methods were found to 
give similar results (Tables 6 and 7). As there are no 
specific methods available for estimating the other sub- 
strates, the assumption that the formation of bicarbonate 
is a measure of the utilization of these substrates is neces- 
sarily hypothetical. 

2. Acetoacetic acid was estimated by the method of 
Edson [1935], which is specific for j 8 -ketonic acids, 

3. Estimation of crotonic and vinylacetic acids: The 
method is based on the estimation of Hg necessary for the 
quantitative catalytic hydrogenation of the double bond. 
Both crotonic and vinylacetic acids are quantitatively 
hydrogenated under the conditions used for the estimation 
of aconitic acid [Johnson, 1939]. The conical manometric 
cups were filled as follows : 

Main compartment: 2*0 ml. w^ater, 0*5 ml. 5% H 2 SO 4 , 
0*5 ml. catalyst suspension containing about 5 mg. Pd 
catalyst (Membranfilter Gres. Gottingen, 5% Pd on BaSO.!), 
finely ground and saturated with Hg. 

Centre tvell: 0*1 ml. 20% NaOH, 0*1 ml. 20% pyrogallic 
acid, small glass bead. 

Side-arm: 1 ml. test solution (acidified). 

The cups were filled with Hg , and put into a bath at 40". 
Equilibrium ’was quickly attained. Since no Hg uptake 
was observed in the blank (without addition of substrate), 
it could be generally omitted. Recovery of added material 
was satisfactory (Table 1). 

Table 1. Estimatioii of crotoriic and 
vinylacetic acids 

jiL Ha uptake after 

Acid added , 

(pL) 5 min. 10 min. 15 min. 20 min. 

448 crotonic 381 447 448 446 

*‘‘448 vinylacetic ' ' 410 421 421 421 

*465 vinylacetic 405 450 455 456 

* The somewhat low reco\ery of vinylacetic a (‘id may 
be due to loss of this volatile acid during preparation of 
the solution. 
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In manometric experiments the following procedure was 
adopted; the contents of the cup were deproteinized with 

vol. of 5% HPO3 and filtered; a measured portion was 
then transferred into a Kutscher Steudel extractor, acidified, 
and extracted with ether. The bulb of the extractor con- 
tained 1 mi. M NaHCOg to neutralize the extracted free 
acid and thus to prevent losses due to their volatility. The 
extraction was generally complete after 1 hr. (Table 2). 
After the extraction the ether was distilled off, and a 
measured portion of the acidified extract was used for the 
estimation. 

Table 2. Extraction of ci'otonic and 
vinylacetic acids 

(Volume of solution in extractor: 20 ml. Approximate 
rate of distillation of ether: 15 ml. /min.) 

Acid found (/xl.) after extraction 

Acid added ^ 

(iu,L) 0-30 min. 30-60 min. Total 

896 crotonic 881 16-5 897-5 

834 vinylacetic 830 5 835 

The method is not specific, for many unsaturated com- 
pounds, and also keto -acids, will be estimated in this way. 
•The disappearance or formation of unsaturated compound 
w^ill be denoted by the symbol , i.e. gl. Hg absorbed/mg. 
dry weight of tissue/hr. 

RESULTS 

Oxidation of i-carhon monocarhoxylic acids in 
kidney cortex. It is known that kidneys cortex 
oxidizes butyric, crotonic, ^-hydroxybiityric, aceto- 
acetic [Jowett & Quastel, 1935; Quastei & Wheatley, 
1935] and i?/w*eo-a^-diliydroxybiityric acid [Weil- 
Malherbe, 1938; see, however, Hoff- Jorgensen, 
1940]. 

In the present experiments the oxidation in 
guinea-pig and rat kidney cortex of various sub- 
strates at a concentration of 0-0156M was tested 
by’' means of measurements of the Og uptake and 
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the bicarbonate formation; the results are sum- 
marized in Tables 3 and 4. It ■will be seen that 
butyric, crotonic, vinylacetic, jS-hydroxybutyric, y- 
hydroxybutyric, and 6^^-ay-dihydroxybutyric acids 
are oxidized in guinea-pig and rat kidney cortex. 
These substrates considerably increase 
Qhic. above those of a control, -y -Hydroxy - 

crotonic acid is oxidized in rat kidney only. The 
following substrates are slowly oxidized in kidney 
slices of both species: (iZ-/3y-dihydroxyhuty’Tic acid, 
tetrolie, tetronic, and a-hydroxybutyTic acids. 
Vinylgly^collic acid inhibits tissue respiration, and 
was found to be negative. The high rate of 
oxidation of y-hydroxybiityric, dZ-ay-dihy^droxy- 
butyric acid, and in rat kidney i^m^s-y-hydrqxy- 
crotonic acid, suggests that the hydroxyl group is 
oxidized with the formation of succinic, malic, and 
fumaric acids respectively. The recent observation 
by Lipmann & Perlmann [1942] that tetrolie acid 
is not attacked in kidney tissue is confii’med. 

A study was then made of the rates of oxidation 
in rat kidney of but;yTic and related acids by 
measurement of <9o., Qbic.* further experi- 
ments, again using rat kidney, as it oxidizes butyric 
acid at a higher rate than guinea-pig kidney (see 
Table 3), the disappearance of crotonic and vinyl- 
acetic acids and the formation of unsaturated 
compounds during the oxidation of butyric acid 
and ^-hydroxybutyric acid were measured. As 
sliowm in Table 5, the latter acid is oxidized at a 
slower rate than the former, confirming the obser- 
vation of Dakin [1922] on the behaviour of these 
substrates when administered to dogs. It seems 
imlikely, therefore, that ^-hydroxybutyric acid can 
be an intermediate on the main pathway of the 
oxidation of butyric acid in rat kidney slices. It 
■will be noted that vinylacetic acid was oxidized at 
a rate slightly higher than that of either butyric or 
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Table 3. Oxidation of A-carhoyi monocaxboxylic acids in guinea-pig and rat kidney cortex 


Acid added as substrate 
(0-0156M) 

None 

Butyric 

Crotonic 

Mnylacetic 

Tetrolie 

a-Hydrox}'’ butyric 
Hydroxy Im ty rie 
7- Hydro x y b u t y ri c 
h'Ui/.'^-y-Hydroxycrotonic 
dl-oLy-l )lhydro xy bu ty ric 
ill- jSy- Dilivxiroxy bu ty'rie 
Tetronic 


Formula 

GH3.CH0.CH..COOH 

CH3.CH‘':CHU00H 

CH.,:CH.CH..COOH 

CH3.O IC.COOH 

CH3.CH0.CHOH.COOH 

CH3.CHOH.CH0.COOH 

CHlOH.CHo.CHo.COOH 

CH:0H.CH‘^;CH:C00H 

CHoOH . OHa . CHOH. COOH 

GHIoH . CHOH . CHg . COOH 

CH3CO.CH2.CO 

i__0- -i . 

CHa: OH. CHOH. COOH 


Kidney cortex from 

Rat 


Guinea-pig 


No. of 
exps. 

Qbic. 

12 

0-00-1-97 

4 

1*53-2*19 

4 

1-98-3-17 

4 

3-13-5-10 

2 

0-40; 1-84 

1 

1-77 

3 

3-22-4*30 

■ 7 

2-75-4-20 

2 

1-21; 0-28 

3 

2-90-3-78 

4 

0-30-3-10 

2 

1-65; 2-43 


No. of 

exps. §bic. 

5 0-10-1-97 

5 3-46-6*70 

3 2-31-5*59 

3 5'57~9*85 

1 -0*9 

2' ,444;'4*82 

3 5 * 20 - 8*10 

3 5-50-10-0 

3 5-70-9*90 

1 1-4 

1 -0-4 


-0-35- -2-60 

■ :/■ ■ 


Vinylglyeoliic 


3 


1 


-3*2 
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Table 4. 


Exp. 

Oainea-pig 
i N 


Oxidation of 4,‘Carbon monocarhoxyUc 
acMs in kidney cortex 

Substrate added 

(0-0156 M) Q02 Qhio, 


None “ 14-3 

Butyrate - 22-8 

Crotonate -22*3 

y- Hydroxy butyrate - 18*6 

im«i-y-Hydroxy crotonate ~ 18*4 

dI?-/3y-Diliydroxybutyrate - 17-3 

Vinylglycollate - 7*2 

None -14*0 

y-Hydroxybutyrate -16*6 

d^-ay-Dibydroxybutyrate - 14*35 

None -11*2 

Crotonate - 17*7 

im?i5-y-Hydroxycrotonate - 14*5 

None - 14*3 

a-Hydroxybutyrate - 17*3 

Tetronate -14*8 

None -12*2 

Butyrate -19*4 

Tetrolate - 12*6 

None “ 14*6 

d2-j3y-Dihydroxybutyrate - 14*9 

Vinylglycollate - 5*7 

None - 12*1 

Vinylacetate -22*1 

dlZ-ay-Dibydroxybutyrat# - 16*7 

None -23-2 

Butyrate - 32*2 

a-Hydroxybutyrate - 22*6 

y-Hydroxybutyrate - 27*7 

imn<s-y-Hydroxycrotonate - 25*2 

i^Z-ay-Dihydroxybutyrate - 25*7 

c?Z-^y-Dihydroxybutyrate - 25*9 

Tetrolate - 15*6 

Tetronate -26*5 

Vinylglycollate - 5*8 

None -18*8 

Butyrate - 29*4 

Crotonate -2T3 

y-Hydroxybutyrate - 29*9 

^W'/^s-y-Hydroxy crotonate - 24-6 

4Z-ay-Dihydroxy butyrate -27*4 


-f 0-3 
+ 1*57 
4- 1-98 
-f 4-2 
+ 1*2 
+ 3-1 

- 0-35 

-f 1*15 
+ 4-05 
+ 3-78 

+ 0-32 
-I- 2-06 
4- 0-32 

4- 0-32 
4- 1*77 
4- 1*65 

4- 1-28 
4- 2-19 
+ 1-84 

4- 0-75 
4- 1-08 

- 2*6 


4 - 1-12 
4- 3*9 

-1- 8-15 
H-10-0 
+ 7-52 
4- 1-4 

- 0-9 

- 0-4 

- 3-2 
4- 1-97 
4 - 3-46 
4- 2*31 
4- 5-25 
4 - 9-05 
4- 9-9 


observation. Under anaerobic conditions vinyl- 
acetic acid disappears in rat kidney; Lipmann & 
Perlmann [1942] found under similar conditions a 
disappearance of crotonic acid. 

The amount of unsaturated compound found 
when butyric acid is oxidized in rat kidney does not 
increase after the first hour, so that <2 a decreases, 
as shown in Table 7. As Jowett & Quastel [1935] 
have already shown, only small amounts of aceto- 
acetic acid are formed in rat kidney in the presence 
of butyric acid, and the imsatiirated compound 
formed is therefore xmlikeiy to be a^etoacetic acid. 

Table 5. Rates of oxidation of butyric and 
related acids in rat kidney 

Substrate added 

No. (0-0156M) Qo^ Quo. 

1 None -22-8 4-1*85' — 

Butyrate -26*5 4-6-70 — 

Crotonate -25-2 +5-49 — 

Vinylacetate -27*4 +9-85 — 

j8-Hydroxybutyrate -28-8 +4-82 — 

2 None -21*2 +0-12 +0-12 

Butyrate -29*8 +5*15 +3-13 

Crotonate +3-36 -3*54 

Vinylacetate -27*4 +5*57 -7-96 

(Vinylacetate; anaerobic — ■— -2*89) 

jS-Hydroxybutyrate -28*8 +4-44 +1*92 

Table 6. Oxidation of vinylacetic acid 
in rat kidney 

(705/21. vinylacetic acid added. The results refer to the 
whole period of the experiment.) 


Without substrate 


With vinvlacetate 


crotonic acid. Crotonic acid was generally foimd to 
be oxidized in rat kidney at a lower rate than 
butyric acid (see also Exp. 9, Table 4). According 
to these results vinylacetic acid could possibly be 
an intermediate in the oxidation of butyric acid in 
rat kidney but this needs to be ascertained by 
further investigations. 

The rate of disappearance of double bonds in the 
presence of crotonic and vinylacetic acids is of the 
same order as the rate of bicarbonate formation 
from these acids (Tables 5 and 6). Butyric and 
]S-hydroxy butyric acids yield an unsaturated com- 
pound, but as the method of estimating such com- 
pounds is not specific, no conclusions on the nature 
of the pi’oduet formed can be drawn from this 


exp. 

(hr.) 

^ ^ \ 

Qq>;> QuC. Q.^ 

Qo, 

^bic. Qa 

1 

-234 +1-88 +0-37 

-29-1 

+ 5-79 -6-30 

2 

-22-2 +1-43 +0-15 

-27-7 

+ 5-10 -4-35 

4 

-23-1 +1-80 +0-04 

-27-7 

+ 4*o4 — o*4d 

Table 

7. Oxidation of butyric 

acid 

in rat kidney 

(The results refer to the whole period of the experiment.) 

Dura- 


With 0-0156M; 

tion of 

Without substrate 


butyrate 

6.2k.jp* 

(hr.) 

Qoq Quo. Qa 

^02 

, &ic. 

1 

-22-4 +0-39 +0-69 

-32-6 

+ 4-66, + 6-0 

■2 

— — — ■ 

-27-6 

+ 4-08 +1*92 

4 

-20-4 +0-59 +0-26 

- 27-5 

+ 3-39 +0-56 


Effect of malonate, 0*031 M malonate inhiljits the 
oxidation of all the substrates examinetl. in guinea- 
pig and rat kidney (Table 8). A siiglit formation of 
bicarbonate in the presence of malonate was ob- 
served in rat kidney when trans~y -hydroxy ovotonie 
acid was the substrate. The inhibition, of the oxida- 
tion of butyTie acid by malonate has already been 
reported by Jowett Sc Quastel [1935]. 
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Table 8. Effect of malonate on the oxidation of 
4:-carhon ‘monocarboxylic acids in kidney cortex 


Substrate 


Substrate 
-1- 0-031 M 


Exp. Substrate added 

alone 

A. 

malonate 

no. (0-0156 M) 

Guinea-pig 

^02 

^bic. 

Qo^ 

^bic. 

1 

None 

-14-5 

0-0 

-10-2 

+ 1-1 


Butyrate 

-20-0 

-1-2-1 

-12-3 

+ 0-9 


jS-Hydroxybutyrate 

-18-3 

+ 3-3 

-12-0 

+ 1-4 


y-Hydroxybutyrate 

-20-0 

+ 3-0 

-11-0 

+ 0-3 

2 

None 

-11-4 

-i-0-3 





Crotonate 

-17-7 

+ 2-1 

- 9-3 

+ 0-3 


^m'y^^-y-Hydroxy- 

crotonate 

- 14-6 

+ 0-3 

- 8-5 

0-0 


d<{-^y-Dihydroxy- 

butyrate 

- 13-7 

+ 0-3 

- 9-4 

— 

3 

None 

- 12-9 

+ 0-86 





Tetronate 

-14-9 

+ 2-43 

-10-5 

+ 0-41 


Tetrolate 

- 13-0 

+ 0-42 

- 9-4 

+ 0-22 

4 

None 

- 14-3 

+ 1-97 

-10-6 

+ 0-74 


Vinylacetate 

-22-8 

+ 3-34 

-12-1 

+ 0-78 

Rat 

y-Hydroxybut 3 n’ate 

-19-3 

+ 3-59 

-11-9 

+ 1-27 

5 

None 





- 7-1 

-0-26 


y-Hydrox3d3utyrate 

-27-4 

+ 6-9 

- 7-2 

-0-76 


dZ-ay-Dibydrox}^- 

biityrate 

-26-7 

+ 5-7 

- 8-5 

+ 0-17 

6 

None 

-18-8 

+ 1-97 

- 8-4 

-2-31 


Crotonate 

-21-3 

+ 2-31 

- 9-6 

-1-53 


trans-y-'Kjdiioxj- 

crotonate. 

-24-6 

+ 9-05 

- 9-4 

+ 1-97 


Table 9. Formation of ^-ketonic acids from 
4:-carbon monocarboxylic acids in liver tissue 

(3 ml. phosphate saline; tissue; 0-0156 M substrate; 
O 2 ; 60 min.) 

Exp. 


no. 

Pigeon 

Substrate added 

liver 

^02 

Q j3-ket. acid 

1 

None 

- 10-5 

+ 0-55 


Butyrate 

- 11-1 

+ 2-00 


Crotonate 

- 11-8 

+ 2-2 


a- H^'d roxy butyrate 

-13-1 

0-00 

! 

! ' ■ 

/3- ro xy l>u ty rate 

- 12-3 

+ 2-4 

" 

y-H^'droxybutyrate 

- 15-2 

+ 0-95 


Zra V 6 ‘-y- H y droxj^crotonate 

- 11-8 

+ 0-65 


d/-/3y- bihy d 1 * 0 x 3 ^ but 3 ^rate 

-13-0 

+ 1-22 


Tetrolate 

- 11-0 

+ 0-85 

1 ' 

Tetronate 

- 11-1 

+ 0-61 

! Rat livi 

X’hiylgix'collate 

er 

- „7-7 

0-00 

2 

None 

- 10-7 

+ 0-82 


But\'rate 

- 12-6 

+ 2-87 


Crotonate 

- 14-5 

+ 5-58 


\'in 3 dacetate 

- 14-6 

+ 6 *o 2 


dZ-ay-ilih y( iroxybutyrate 

-13*5, 

+ 0-90 


d/-,dy-l)ihytirox 3 d)utyrate 

-13-4 

+ 2-16 


y-Hy(irox 3 d.)iit 3 +ate 

- 14-4 

+ 0-82 

" '3' 

None 

- 10-8 

+ 0-75 


Biitx’rate 

' - 12-8 

+ 2-47 


Ootouate 

-13-2 , 

+ 4-43 


\hn 3 daectat.e 

'-13-6 

+ 5-00 


^-H 3 ’drox 3 Butyrate 

' -13-1'' 

+ 6*15 


Formation of ffketomc acids from butyric and re- 
lated acids in liver. It is imown that acetoacetic 
acid is formed in the liver from butyric, /3-hydroxy- 
butyric [Embden, Salomon & Schmidt, 1906], and 
crotonic [Friedmann, 1908] acids. Lipmann & 
Perhnann [1942] have shown that tetrolic acid does 
not give rise to acetoacetic acid in rat liver. A study 
was made of the formation, in the liver tissue of 
starvmg pigeons and rats, of /3-ketonic acids from 
certain 4-carbon monocarboxylic acids not hitherto 
examined (see Fable 9). ^-Ketonic acids are formed 
from butyric, crotonic, jS-hydroxybutyric, vinyl- 
acetic, and, to a small extent, fromd^-^y-diliydroxy- 
butyric acids. None of the other substrates tested 
was appreciably ketogenic. 

In the rat liver vinylacetic acid readily gives 
rise to acetoacetic acid. Qacetoa«. exceeded, in our 
experiments, that from butyric and crotonic acids, 
but was lower than that from ^-hydroxy butyric 
acid. 

No ^-ketonic acid is formed from vinylacetic or 
d^^y-dihydroxybutyric acid imder anaerobic con- 
ditions (Table 10). 

Table 10. Formation of ffketonic acids in starved 

rat liver under ae^'ohic and anaerobic conditions 


Substrate 

(0-0156M) 

0 

Crotonate 

Vinylacetate 

dhj3y-Dihydroxy- 

butyrate 


DISCUSSION 

Blixenkrone-Moller [1938] found that ^-hydroxy - 
butjTic acid does not give rise to carbohydrate in 
the perfused liver of cats, whilst butyrate does, and 
concluded that j8-hydi*oxybutyric acid is not an 
intermediate in the formation of carbohydrate from 
butyric acid. He therefore suggested that butyric 
acid is oxidized in animal tissue both at the 
^-carbon atom, yielding ketone bodies, and at the 
y-carbon atom, yielding succinic acid, which is then 
further oxidized. 

The results of our experiments suggest that 
/3-hydroxybutyric acid is not an intermediate on 
the main pathway of the oxidation of butyric acid 
in rat kidney. It would appear therefore that the 
formation of ketone bodies represents an alter- 
native path in the oxidation of butyric acid in the 
animal. It is interesting to note, in view of 
Blixenkrone-Moller’s suggestion of y-oxidation of 
butyric acid, that y-hydroxy butyric acid is oxidized 
at a higher rate than butyric acid in both guinea-pig 
and rat kidney slices. 


! 

K 

N 2 

Q 02 , 

Q/3-ket. acid 

Q^-ket. acid 

- 9-95 

+ 0-86 

0-00 

-11-5 

+ 3-08 

0-42 

-14-0 

+ 5*85 

0-15 

-12-5 

+ 2-53 

0-36 
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A. KLEINZELLER 


Under our experimental conditions, vinylacetic 
acid is oxidized in kidney slices at a higher rate than 
butyric acid. With vinylacetic acid a higher rat© of 
^-ketoiiic acid formation than with butyric acid as 
substrate is also observed in starved rat liver. The 
compound thus shows physiological properties 
similar to those of butyric acid, and it seems 
possible that vinylacetic acid is an intermediate in 
the breakdown of butyric acid. 

In our experiments a jS-ketonic acid is formed in 
liver tissue from starving animals, in the presence of 
dL/?y-dihydroxybutyric acid. Tetronic acid, which 
would be expected to arise from the oxidation of 
the ^-hydroxyl of dLjSy-dihydroxybutyrie acid, 
does not behave as a /3-ketonic acid (it does not 
yield any CO 2 on treatment with aniline citrate: 
personal communication from Dr H. A. Krebs) and 
consequently it cannot be the j8-ketonic acid formed 
in the presence of dZ-^y-dihydroxybutyric acid. 

The ^-ketonic acid might be acetoacetic acid 
formed from substrates present in the liver tissue; 
such an effect would be similar to that observed 
when malonic acid is added to liver tissue [Jowett 
& Quastei, 1935]. dZ-j8y-Dihydroxybutyric acid, 
however, increases Qo, , whilst malonate inhibits it. 
The possibility of the formation of acetoacetic acid 
from this substrate by dehydration seems unlikely 
in view of the observation that no j8-ketonic acid is 
formed under anaerobic conditions from this sub- 
strate. On the other hand, it seems possible that a 
structural isomer of tetronic acid, hitherto unknown, 
may be formed, viz. the Zran^-isomer (I) of the 
©nolic form of tetronic acid as opposed to the 
m’-isomer (lactone form, II) : 


CHoOH H 

w 

(5h \iooh 


SUMMARY 

1. The oxidation, in kidney slices of well-fed 
guinea-pigs and rats, of the Na-salts of butyric, 
crotonic, vinylacetic, tetroiic, a -hydroxy butyric, 
jg-hydi-oxybutyric, y-hydi‘oxybutyric, tra?is-yAij- 
droxycrotonic, dZ-ay-dihydroxybutyric, dZ-^y-dihy- 
droxybutyric, tetronic, and vinylgly collie acids was 
studied by comparing the Qo^ and the formation of 
bicarbonate in the presence of these substrates with 
that of a control experiment without substrate. Of 
the above substrates butyric, crotonic, vinylacetic, 
^-hydroxybutyric, y-hydroxybut}u*ic, dZ-(zy-dihy- 
droxybutju-ic acids are rapidly oxidized in the 
kidney of both species. ^ra 7 'is-y-Hydi*oxycrotonic 
acid is oxidized in rat Iddney only. Vinylglycollic 
acid inliibits tissue resphation. cc-Hydroxy butyric, 
tdtrolic, cZZ-^y-dihydxoxybutyric and tetronic acids 
are not appreciably oxidized. 

2. From rates of bicarbonate formation in the 
presence of butyric, crotonic, vinylacetic, and /3- 
hydroxybutyric acids in rat kidney slices, it is 
concluded that ^-hydroxybutyric and crotonic acids 
are oxidized more slowdy than is butyric acid. In 
the presence of vinylacetic acid Qbje. is higher than 
it is in the presence of butyric acid. 

3. In rat kidney slices formation of an imsatu- 
rated compound in the presence of butyric and 
jS -hydroxy butyric acids occurs under aerobic condi- 
tions. 

4. Under anaerobic conditions vinylacetic acid 
disappears in rat Iddney slices. 

5. 0- 03 1 M malonate inhibits, in the kidney of both 
species, the oxidation of all the substrates tested. 

6. Vinylacetic acid and dZ-/Sy-diliydroxybutyrio 
acid are ketogenic in liver slices from starved 
pigeons and rats. 

7. It is suggested that vinylacetic acid may play 
a part in the intermediate metabolism of butyric 
acid in animal tissue. 

I am very grateful to Dr H. A. Krebs for his constant 
advice and criticism during this investigation. 
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Spectrographic Determination of Lead in Blood 
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Although application of spectrographic methods of 
analysis to the study of the physiology of the ‘ trace 
elements ’ has been made in this comitry by Sheldon 
& Kamage [1931] and by Kent & McCance [1941], 
little study has been devoted to trace elements 
from the aspect of industrial metallic poisoning. In 
America, Cholak [1935] described a spectrographic 
method for the analysis of lead in blood, using 
bismuth as the internal reference element. This 
paper describes a spectrographic method adopted 
in the investigation of suspected industrial lead 
poisoning, and some of the results obtained. 

METHODS 

General, All analytical material was collected and pre- 
pared for spectrograpiiing with strict precautions to prevent 
contamination, by ensuring that, where possible, the vessels 
and reagents used were Pb-free. Loss of analytical material 
was eliminated by reducing the handling and chemical 
treatment of the samples to a minimum. 

Spectrograph. The large Hilger quartz spectrograph, 
which has a range of 1910-8000 A., wasS used with the 

Table 1 . Standard conditions for spectrograph 

Wave band 2700-4300 A. 

Slit width 0*015 mm. (fixed slit) 

Arc gap 2 mm. 

Voltage 120 d.c. 

Amperage 5 

Upper electrode H..S. graphite pointed to 80° angle 

Lower electrode H.S. graphite 10 mm. diam. cut to 

form a crater to receive sample 
Exposure 1 min. 

Plate Ilford H. and D. 70 

Development: (a) 90 sec. at 19*5° 

(6) Fixed, acid hy|)o 15 min. 

(c) Washed running water 15 min. 

(d) Dried in current of %varm air 

standard conditions outlined in Table 1. For the Pb in- 
vestigation the region 2700-4300 A. was employed. Identi- 
fication of the lines was achieved by use of the Judd Lewis 
Comparator, an instrument which permits of simultaneous 
microscopic examination of the test plate and of a standard 
plate showing the position of all the elements. The line 
densities of emission spectra are in direct ratio to molecular 
concentration in a sample of their elements of origin. By 
use of tlie Hilger non-recording microphotometer to measure 
the ratio of tlie line densities of diftereiit known quantities 
of Pb, ajid a constant amount of an internal reference 
element, a graph can be prepared which provides a means 
of measurement of the unknown amount of Pb in a sample. 

Standard of infernal reference. In our earlier investiga- 
tions the bistnuth line at 2898 A. was chosen as the internal 
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reference line for measurement against the Pb line at 
2833 A., with satisfactory accuracy when checked by the 
addition of known quantities of Pb to duplicate samples of 
blood and synthetic ash. Investigation of subjects exposed 
to Bi of therapeutic origin confirmed our suspicions that 
Bi could be encountered normally in blood, and invalidated 
its use as a standard (PL 1, fig. 1). 

After investigation of several elements, it was decided to 
use platinum as the internal reference element, since it 
fulfilled all the conditions required, and its line at 2830 A. 
is in a position of such proximity to that of Pb at 2833 A. 
as is ideal for measurement (Fig. 1). After experiment it 
was found that the most satisfactory Pt solution to add to 
the ash specimens, following solution in aqua regia, was 
oiie containing 0-01 g./lOO ml. HgSO^. We consider it worth 
while to draw attention to the use of Pt in the analysis of 
several other elements implicated in poisoning by heavy 
metals. By varying the amount of Pt used, and if necessary ' 
the exposure time and type of plate in accordance with the 
spectrographic sensitivity of the element under investiga- 
tion, Pt could be used as the internal reference element for 
the following metals: 

As 2860*5A. Ki 3002A. Cr 2986-4A. Au 2676A. 

Pt 2830A. Pt 2998A. 3015A. Pt 2702A. 

Pt 2988A. 

Th 2837A. V 3063*7 A. Mn 2798-3A. Cd 2980A. 

Pt 2830A. Pt 3064-7A. Pt 2830A. Pt 2998A. 

With few exceptions all the above pairs of lines are those 
of raies iiltimes. All the Pt lines are of high spectrographic 
intensity and are not overshadowed, which facilitates accu- 
rate measurement of line densities. Where the internal 
reference line is overshadowed by close juxtaposition of 
another element line, it may be difficult to be certain that 
the overshadowing line is not in part responsible for th© 
deflexion on the galvanometer scale which is attributed to 
the internal reference line. Kent & McCance must have 
experienced this difficulty in their analysis of Au (2676*6 A.), 
with Mg (2795*5 A.) as the internal reference line. Consul- 
tation of Harrison’s wave-length tables indicates a line of 
Fe at 2795*54 A., i.e. 0*01 A. difference. 

' Standard ash. The standard material used for preparation 
of the graph was a synthetic ash which gave a main base 
spectrum similar to that of blood. Persistent traces of Pb 
were found in all the supposedly pure chemical reagents 
used, even after prolonged refining by chemical and electro- 
lytic methods. Spectrographic examination showed that 
the ash finally contained 1-2 p;g. Pb/100 g. 

To a number of samples of synthetic ash (0*05 g. the » 
approximate w*eight of the ash of the blood samples used) 
di&rent known amounts of Pb and a constant amount of 
Pt were added. The samples (duplicate) were then spectro- 
graphed. The curve from the mean of two sets of results 
was taken as the standard graph (Fig. 2). It is advisable 
to use the logarithmic ratios of the line densities, as smooth 
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working curves are obtaiiied (Fig. 2). Some of the results 
from a series of identical samples used to check the accuracy 
of the graph are shown in Table 2. Errors of more than 
± 8 pg ./100 ml. of blood’are exceptional, provided that the 
standard spectrographic conditions are strictly adhered to. 


0 20 40 60 80 ! 00 120 140 160 180 200 220 240 260 280 

/ig. Pb /100 ml. 

Fig. 2. Lead curve. Relation of spectrographic line in- 
tensity ratios to quantity of Pb. Ordinates, log intensity 
Pb 2833A./Pt 2830 A.; abscissae, ptg. Pb. 

Table 2. Recovery of added lead 

Pb Pb 

Ash added found Error 

Material weight (^ug./ (/zg./ (^g./ 

analyzed (g.) 100 ml.) 100 ml.) 100 ml.) 

6 ml. whole 0*0506 — 18 — 

blood 

5 ml. whole 0*0522 40 60 +2 

blood and Pb 

B. Whole blood 0*0516 17 — 

Whole blood 0*0526 80 100 +3 

and Pb 

Standard ash 1 +Pb 0*0500 50 48 -2 

Standard ash 2 + Pb 0*0500 100 _ 108 +8 

ash 3 + Pb 0*0500 120 116 -4 

ash4 + Pb 0*0500 140 138 -2 

Treatment of samples, 5 ml. of blood, urine, etc., w’ere 
collected, transferred to a Pb-free silica crucible and sul- 
phated by the addition of 3 ml, Pb-free H 2 SO 4 . The samples 
were then ashed in a dust-proof electric furnace by treat- 
at 110° for 12 hr., followed by 500° for 8 hr. 

The low Fa content of serum, urine and cerebrospinal 
fluid gives spectrographicaUy what is known as a weak 
base spectrum, which would be a source of error in applying 
the blood l^b curve to their analysis, as was pointed out by 
Foster, Langstroth & McCrae [1935]. We therefore added 
0*02 g. of synthetic ash to samples of serum and urine; in 
this way their main base spectrum was intensified to re- 
semble that of the standard samples. Experiment showed 
that the results obtained with serum and urine were accu- 
to d;10|Wg./100 ml. As yet we, have not obtained 
sufficient quantities of cerebro-spinal fluid to check the 
application of the Pb curve; we assume that since its main 
base spectrum is similar to that of serum and urine, the 
error, the synthetic ash additions are made, will be 
of the same magnitude. By this method it is possible to 
report results on 2 G samples within 24 hr. after collection, 
with minimal use of chemical reagents and vessels. 


KESULTS 

In a series of 80 normal unexposed subjects we have 
found the mean concentration of Pb in the blood 
to be 40p,g.; the results ranged from 5 to 120/xg./ 
100 mi. of blood, and the majority fell between 
20 and 60 pg. 

As was expected, those individuals w^ho were 
exposed to the swallowing of metallic dusts, or 
inhalation of metal fumes, showed higher concen- 
trations than office workers and the like. In four 
office workers, for example, the mean concentration 
was 16pg., compared with 88 pg. in four metal 
workers. These latter findings are similar to those 
of Kehoe, Thamman & Cholak [1933 a] and of 
Cholak & Bambach [1943]. 

The maximum normal concentration is the only 
thing that matters, since the concentration in an 
individual varies widely within normal limits from 
week to week. We have found, in sampling the same 
three individuals at intervals of four weeks, variations 
from 21-73pg., 150-53 pg. and 43-11 pg. respec- 
tively. One of us (A.T.) has fo\md a similar varia- 
tion in blood Pb concentration throughout the day. 
Although occupational exposure is mainly respon- 
sible for this variation in individual concentrations, 
the Pb content of the diet also contributes to it. 
From an analysis of foodstuffs we have found bread 
to contain 168 pg. of Pb/lOO g., tea biscuit 216pg./ 
100 g., sausage and cheese 85 and 43pg./100g. 
Some of the Pb content of these foodstuffs originates 
no doubt in contamination from vessels. That the 
Pb content of the diet contributes materially to 
blood Pb concentrations, conflicts with the view 
that there is little or no alimentary absorption of 
Pb by reason of the insoluble nature of the Pb 
compoinids formed during the process of digestion. 
The total Pb in the circulation is, however, small 
in amount, and absorption of very small quantities 
may suffice to cause what is physiologically a sub- 
stantial increase in its concentration in the blood. 
The following results (Table 3) show the effects on 
blood and urine concentrations of 12*5 grains lead 

Table 3. Effect of ingesting lead on the content 
of blood and urine 




■ pg. Pb/ 

pg. Pb/ 



iOOml. 

100 ml 



before 

after 


Subject 

ingestio'ii 

ingestion 

Blood 

E. 

■ 11: ■ 

250 


T. 

■ 14 

15.1 


McE.' 

■ ■■21" ■ 

49 


B. 

■■23:; : 

58 

Urine 

■ E.. 

'5 

107 


T. 

3 

^ 72 


M.eE. 

. ' , I) 

4.1 

X. 

B. 

" '5 ' '■"■ ^ ■ ■ ■ 

■ '■■26.' 


(5 ml. samples of blood or urine were analyzed.^ 


BIOCHEMICAL JOURNAL, VOL 37, NO. 6 


PLATE 1 


f 




2830 2833 2852 

Fig. 1. Blood spectrograms. 1, shows Bi absent, while 2 denotes its presence due to absorption. 3, 4 and 5, blood 
spectrograms compared with a pure Pt spectrum 6 (note proximity of Pb 2833 A. to Pt 2830 A. and Pt 2834 A.). 
Variatioii in blood Pb content is evident from densities of Pb 2833 A. in 3, 4 and 5. 7 and 8, mother and infant 
bloods (case E). 9 and 10, iiitant urine and milk collected 5th day (ease E); presence of Pb throughout clearly 
mdieated, as also reduction of Fe lines in milk and urine. 
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acetate swallowed in the form of pills over three 
days by four subjects, who experienced no ill 
effects therefrom. 

The bladder was emptied hr. before and the 
urine for test collected J hr. after the blood was 
drawn. This gave an indication of the rate of excre- 
tion for a given blood concentration. From these 
results it is clear that considerable elevation of the 
blood Pb is possible by absorption of small quan- 
tities of Pb from the intestine. 

Investigations on the blood of newly borrf infants 
shows that the Pb concentration approximates to 
that of the maternal blood. The investigation was 
carried out as follows. In the second stage of labour 
just before delivery 5 ml. of blood were withdrawn 
from the mother’s arm, and 5 ml. from the umbilical 
vein prior to severance of the cord. The samples 
were covered and treated as described for spectro- 
graphing (A, B, C, Table 4, Pig. 1). In another 

Table 4. Lead content of maternal and of infa 7 it 
blood, imne and milk 


Bead (/xg. Pb/100 ml.) in 



r 

Maternal 

Infant 


Subject 

Blood 

Milk ' 

Blood Urine 

A 

54 

— 

57 



B 

43 

— 

42 

— 

C 

34 

— 

28 



D 

46 

32 

71* 

2 

E 

22 

8 

37 

7 

F 

33 

20 

18 

3 

G 

35 

5 

25 

— 


* Doubtful result: contamination probable. 

similar experiment, samples of the maternal milk 
and urine from the infant on the fifth day (D, E, 
F, G, Table 4, Fig. 1) were analyzed. 

DISCUSSION . 

Some diversity of results has been reported for 
normal blood Pb concentrations by different 
w^ork(:)rs., Blurnberg & Scott [1935], by visual com- 
parison, of the line densities, found the normal to 
vary from '5 to lOO/xg./lOO ml,; a critical concentra- 
tion between /IOC) and IbOpg. produced sj-mptoms. 
Kehoe, Thamman & Gholak [1935], using Bi 2898 A. 
as the iiiternai reference element, reported 58 pg-/ 
100 ml. to be the mean concentration in a series of 
71 cases; this to, us appears high. We agree with 
Blurnberg & 8cott that the maximum normal con- 
centration is iOOpg./lOO ml. and consider that,- in 
eases of chronic exposure, the critical concentration 
is around 130/ig./100 ml. of blood. Although we 


agree with Tompsett & Anderson [1939], that the 
blood and urine Pb do not run parallel, it is evident 
that, in health, elevated blood concentrations are 
balanced by rapid excretion of the Pb absorbed. 
Our results further indicate that some control over 
diet and occupational exposure is necessary in the 
investigation of suspected Pb poisoning, and that 
errors in diagnosis may arise from single analyses. 
The Pb content of the diet, and occupational ex- 
posure, are, no doubt, accountable for some of the 
divergencies in results reported by different ob- 
servers. One other possible factor in the variation 
of results is the Pb transmitted from mother to 
foetus. The amount is surprising, as also are the 
facts that the infant appears to retain it, and that 
the Pb content of the milk is sufficient to maintain 
the infant’s original concentration. The results on 
human milk are higher than those reported by 
Kehoe et al. [19336]. This may possibly be attri- 
butable to differences in time of sampling and 
sensitivity of the analytical method used. The un- 
failing appearance of Pb in blood and tissue fluids, 
and its transmission to the foetus, raises the ques- 
tion as to whether Pb has a physiological function 
as yet undiscovered. The opportunities for such 
investigations are few and collection of the neces- 
sary samples considerably more difficult than might 
be thought. In spite of the use of Pb-free crucibles 
and test-tubes for direct collection of milk and 
infant urine, occasional minute contamination is 
inevitable. 

SUMMARY 

1. A spectrographic method of lead analysis in 
blood is described, using platinum as the internal 
reference element. 

2. Blood lead concentrations encountered in 80 
healthy subjects ranged from 5 to 120/xg./100 ml. 
with a mean of 40 /xg./ 100 ml. and greatest fre- 
quency of from 40 to 60/xg./100 ml. More than 
50 % of the results lie between 20 and QOjxg, 

3. Lead is transmitted to the foetus in amounts 
approximating to those of the maternal circula- 
tion. 

4. 'Lead is present in human milk and is very 
slowly excreted in infanPh.rine. 
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The Vitamin B -complex Requirements of Several Insects 


By G. FRAENKEL and M. Department of Zoology and Applied Entomology, 
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(Received 6 September 1943) 


It has been shown by us [Fraenkel & Blewett, 
19435] that six insects, which normally feed on 
flour and other dried food, grow satisfactorily on a 
diet of casein 50, giueose 50, yeast 5, cholesterol 1, 
McCollum’s salt mixture 1, and water 15 parts, but 
entirely fail to grow when yeast is omitted. With 
the yeast replaced by yeast extract, the growth rate 
is considerably slower. No growth takes place if 
the diet, contains a water -insoluble fraction alone 
in place of whole yeast. Previous work has indi- 
cated that insects require several vitamins of the 
B -group; the position up to 1940 has been reviewed 
by Craig & Hoskins [1940] and Trager [1941]. The 
present paper deals' with the growth factors required 
by insects which are contained in the water-soluble 
and in the water-insoluble fractions of yeast. Short 
accounts of some of the results have already ap- 
peared elsewhere [Fraenkel & Blewett, 1942 a, 6; 
1943a, d]. 

EXPERIMENTAL 

The following beetles were used: Tribolium con- 
fusum Duv., Tenebrionidae ; Silvanus (07*ycaephilus) 
surinamensis L., Cucujidae; Sitodrepa panicea L., 
Anobiidae; Lasioderma serricorne Fab., Anobiidae; 
Ftinus tectus Boield., Ptinidae. 

The fpliowing preparations and substances were 
used to compound diets : 

Casein A/E, vitamin and fat free (Glaxo Laboratories 
Ltd.). Dried debittered brewer’s yeast (Glaxo Laboratories 
Ltd.). Yeast extract, prepared from fresh brewer’s yeast 
according to Chick & Roscoe [1930]. Tnsolnble yeast’: 
residue from preparation of yeast extract, after 10 succes- 
sive extractions with large volumes of boiling water. 

Aneurin hydrochloride (B^) (Glaxo Laboratories Ltd.), ribo- 
flavin (Glaxo Laboratories Ltd,), nicotinic acid (British Drug 
Houses Ltd.), pyridoxin (Glaxo Laboratories Ltd.), Ca- 
pantothenate (Glaxo Laboratories Ltd. and Roche Products 
Ltd.), choline chloride (British Drug Houses Ltd.), p-amino- 
benzoic acid (British Drug Houses Ltd.), z-inositol (British 
Drug Houses Ltd.), biotin methyl ester (Research Labora- 
tories, S.M.A. Corporation), and biotin (Prof, du Vigneaud). 
All the tests w^ere performed in 2 x 1 in. specimen tubes. 

of the dry diet and each diet was 


prepared in duplicate. Each test was performed with 
20 larvae, 10 in each tube. The tubes were kept in a room 
of which the temperature was automatically maintained 
at 25^ and the relative humidity at 70%. The criteria for 
assessing results are rate of growth from the newly hatched 
larva until pupation {Tribolium) or emergence of adult 
(other insects), and mortality. The methods of experi- 
menting and assessing results are fulty. described elsewhere 
[Fraenkel & Blewett, 1943 5, c]. 

Preparation of a diet deficient in ribofiavm, Y'east 
extract was treated with norit charcoal (Hopkin 
and Williams, -Ltd.) according to the method of 
El Sadr, Macrae & Work [1940]. The yeast extract 
was not previously autoclaved, but as a precaution 
anemin HCl was added to the diet, which then con- 
sisted of casein 50, glucose 50, cholesterol 1, yeast 
charcoal filtrate 15, insoluble yeast 5, McCkiliiim’s 
salt mixture 1 parts, aneurin HCl 50 /-tg./g. Ribo- 
flavin was added to the diet in graded doses and 
the results showing a graded response (Table 1) 

Table 1. Pupation of Tribolium on a diet deficient 

in riboflavin, with the addition of graded doses of 


riboflavm 


Riboflavin 

' No. of 

Spread in the 
pupation periot 

(gg./g. of diet) 

pupae 

(days) 

None 

11 

60-113 

0-625 

16 

50- 74 

1-25 

18 

32- 43 

2-5 

16 

21)-- 39 

5-0 

IS 

30- 39 

10-0 

16 

30- 30 

50-0 

20 

28- 39 

Wholemeal flour (control) 

19 

27- 30 


confirmed those reported by Frobrieh [1039], who 
grew Triholmni on a diet containing yeast ext ract 
which had been heated, in an alkaline rmnliuni in 
order to destro}' the riboflavin. 

SubstittMoji of yeast e;ctract by pure, vitamins. As 
pure vitamins of the B-group became aA’ailai>Je, 
attempts were ma<.ie to feed mixtures of pure \'ita- 
%ms instead of yeast extract. Except iri some 
earlier tests, wheat-germ oil was added, ti'* th,e {iiots 
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as a precaution against possible deficiencies of un- 
known fat-soiuble factors. The vitamins were dis- 
solved separately in a small quantity of water and 
then mixed so that 0-1 ml. of the mixture contained 
the precise amount required for each tube. The diets 
used in subsequent tests are recorded in Table 2. 

Table Diets used in the later series of experiments 

No. and composition of diet 
used in corresponding 
series of experiments 


1 2 3 4 5 6 


Casein (|)arts) 


50 

50 

50 

50 

50 

50 

Glucose (parts) 


50 

50 

50 

50 

50 

50 

Cholesterol (parts) 


1 

1 

1 

1 

1 

1 

‘Insoluble yeast’ (parts) 
McCollum’s salt mixture 
no. 185 (parts)* 

5 

5 

5 

5 

5 

5 

1 

1 

1 

1 

1 or 3 

2 

Wheat germ oil (mg./. 

gO 

— . 

— 

15 

15 

15 

15 

Water (parts) 


15 

15 

15 

15 

15 

15 

Aneurin HCl 


50 

50 

50 

50 

50 

50 

Riboflavin 


50 

50 

50 

50 

50 

50 

Nicotinic acid 


50 

50 

50 

50 

50 

50 

Pyridoxin 

• fig-Zg- 

50 

50 

50 

50 

50 

50 

Ca-pantothenate 

— . 

50 

-50 

50 

50 

50 

Choline chloride 


50 

50 

50 

50 

500 

500 

p-Aminobenzoic acid 


— 

— 

50 

50 

50 

50 

inositol 


— 

— 

— 

50 

500 

500 

* A modification of I\IcCollum’s 
Formula in Gay [1938]. 

mixture 

no. 

185. 


RESULTS 


Growth reqidrefuents of Tribolium confusmii 

The results with Triboliuni confusum on different 
die^ts are recorded in Fig. 1. It is seen that addition 



Days 

Fig. L Growth of TrihoHuin canjuswm on a diet of casein, 
glucose, cholesterol, 'insoluble yeast’, salts and water; to 
whicli vitamins of tlie B-conif)lex have been added in 
various combinations. Numbers on the curves refer to 
number of diet in Table 2. u— aneurin, 6 =:riboflavin, 
c ~ nicotinic acid, d — pyridoxin, e — pantothenic acid, 
/:~p-aminob(mzoic acid, [/ = choline chloride, /i=inositoL 
(hiantiti(‘s of vitamins given/g. of the dry diet. 

of pantothenic, add in series 2 greatly improved the 
diet. In the third series p-aminobenzoic acid and 
wheat. -germ oil, and in th© fourth series inositol 
were added, agaiti noticeably improving the diet. 
In view” of t lie large amounts of inositol and choline 


required by vertebrates, these substances were 
given in amoimts 10 times as large as those of the 
other vitamins in the fifth series. The full diet 
(Fig. 1, curve 5 a) was now much better than the 
corresponding one of series 3 (curve 3), but still 
inferior to the control. With the quantities of each 
vitamin halved, the diet was not affected, probably 
indicating that the quantities were sufficient and 
also not large enough to cause toxic symptoms. 
Addition of more ‘insoluble yeast’ (15 % instead of 
5%) improved the diet somewhat, but a greater 
improvement was achieved by adding 1 % whole 
yeast. It is unlikely that this improvement was 
due to the supply of additional undetermined essen- 
tial B -factors, because the same kind of improve- 
ment was obtained by approximately trebling the 
amount of salt mixture (cf. curve 5 a and 6, Fig, i). 
The diet now became virtually as effective as 
wdiolemeal flour. It therefore appeared that any 
missing factor supplied by 1 % yeast was a mineral. 

A sixth diet was devised for Tribolium ' which 
contained twice as much salts as previously and it 
w^as compared with diets in wliich one of the vita- 
mins was omitted at a time (Fig. 1, curve 6 ; Fig. 2). 
This diet proved of the same value as a diet which 
contained aqueous yeast extract in place of pure 
vitamins. In this series, but not in series 5, the diet 
w”as slightly inferior to wholemeal flour, but this 
difference is probably not significant. Without ribo- 
flavin, nicotinic acid, or pantothenic acid the diet 



Days 


Fig. 2. Tribolium confusum. Growth, on diet 6 (Table 2), 
compared with similar diets from which single vitamins 
have been left out one at a time. 

became ineffective; without pyridoxin growth be- 
came slower, and still more so without aneurin. 
Omission of p-aminobenzoic acid or choline chloride 
produced a noticeable delaying effect, wdiile absence 
of inositol impaired the efficiency of the diet only 
very slightly (Fig. 2), 

All these diets contained a possible source of 
vitamms in the ‘insoluble yeast’ fraction which 
might have retained signiflcant amounts of some 
factors even after prolonged extraction. Meanwhile 
the missing factor in ‘insoluble yeast’ had been 
found to be biotin (p. 689), It then became possible 
to perform, simultaneously with tlie tests of series 6, 
a parallel series m which ‘insoluble yeast’ was re- 
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Table 3. The effect on the growth of various Coleoptera larvae of the omission from the diet {Table 2, no, 6) 

of different members of the B -group of vitamins 
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placed by biotin (OT ixgfg.) [Fraenkel &> Blewett, 
1943 a, Fig. 3]. The results of these two series, one 
containing ‘insoluble yeast’ and the other biotin, 
were virtually identical, with three exceptions. In 
the biotin series absence of inositol delayed growth 
significantly, whereas absence of ^-aminobenzoic 
acid had no effect. A more serious discrepancy 
applied to diets without pantothenic acid. These 
were totally inefficient in the ‘insoluble yeast’ 
series, but not quite so deficient in the biotin series, 
where 13 out of 20 larvae completed development, 
although at a greatly reduced rate. This discrepancy 
cannot at present be explained. It appears from a 
comparison of these two sets of tests that no signi- 
ficant amounts of vitamins could have been added 
to diets with 5% ‘insoluble yeast’. Inositol is the 
only factor where the slight discrepancy in the 
results may, possibly, be due to retention of inositol 
in ‘insoluble yeast’. An aneurin determination on 
our ‘insoluble yeast’ made by Dr Y. L. Wang 
(Cambridge) showed below O-l/xg./g., a quantity 
too small to have any effect. 

Growth requirements of other insects 

Concurrently with the tests of diet 6 performed 
with Triholium, the diets which contained ‘insoluble 
yeast ’ were also tested with four other beetles. The 
results are summarized in Table 3. 


The complete diet was as good, if not better, than 
the controls which contained yeast extract as a 
source of B -vitamins. Omission of inositol or 
p-aminobenzoic acid produced a slight, but possibly 
significant delay in growth. Absence of choline had 
a very pronounced delaying effect (Fig. 3), much 
greater than with Tribolium, Absence of the other 
vitamins had an effect similar to that described for 
Tribolium. 

Lasioderma serricorne gave results quite different 
from Tribolimn and Ptinus. Absence of riboflavin, 
nicotinic acid, p-aminobenzoic acid or inositol 
seemed to have no effect. Absence of aneurin, 
pyridoxin or pantothenic acid delayed development 
considerably, but to a much slighter extent than 
was the case with Tribolium and Ptinus. Absence 
of choline chloride had a very pronomiced delaying 
action (Table 3, and Fraenkel & Blewett [1943 a, 
Fig. 2]). 

Sitodrepa panicea also gave results different from 
Tribolium and Ptinus, and from Lasioderma. The 
growth rate on the complete diet was considerably 
inferior to that of the control, where yeast extract 
was given instead of pure B -vitamins. Absence of 
nicotinic acid, inositol, choline chloride or p -amino - 
benzoic acid greatly affected the efficiency of the 
diet, which became totally inefficient only in the 
absence of aneurin (Table 3, and Fraenkel & 
Blewett [1944, Fig. 4]). 


Tribolimn Ptinus Silvanus 'Lasioderma Sitodrepa 


Description Growth 


r 

Growth 

\ 

r 

Growth 

A 

f 

Growth 

-X 

Growth 

— V 

of diet 

rate 

Days 

Nos. 

rate 

Days 

Nos. 

rate 

Days 

Nos. 

rate 

Days Nos, 

rate 

.Days 

Nos. 

Wholemeal flour 

114 

27- 29 

19 

85 

57-67 

16 

115 

25-29 

15 

94 

35-39 

20 

97 

37-41 

17 

Y east extract -i- ‘ in- 

100 

29- 36 

18 

100 

47-58 

18 

100 

27-35 

16 

100 

34-39 

19 

100 

37-39 

15 

soluble yeast ’ 

All vitamins (Table 2, 

100 

29- 37 

18 

104 

47-60 

18 

94 

27-36 

16 

92 

34-41 

19 

90 

38-45 

13 

no. 6) 

No aneurin 

42 

55-132 

17 

70 

70-79 

2 

97 

27-36 

16 

81 

41-47 

18 

45 

74-94 

4 

No riboflavin 

31 

86-132 

3 

0 

— 

0 

94 

30-46 

9 

97 

34-41 

18 

88 

41-49 

9 

No nicotinic acid 

27 

114 

1 

66 

79 

1 

78 

51 

1 

97 

34-39 

18 

93 

40-47 

:i2 

No pyridoxin 

70 

37- 53 

16 

63 

69-90 

13 

91 

31-41 

16 

87 

36-48 

17 

84 

43-47 

14 

No pantothenic acid 

0 

— 

0 

70 

69-77 

2 

103 (?) 

30 

1 

87 

36-41 

8 

93 

39-49 

.5' 

No choline chloride 

88 

31- 40 

19 

74 

64-83 

14 

89 

32-36 

16 

74 

43-61 

14 

90 

38-51 

12 

No inositol 

97 

29- 38 

17 

98 

48-58 

17 

91 

29-37 

15 

97 

34-41 

18 

90 

41-45 

13. 

Nop-aminobenzoic acid 

86 

30- 40 

18 

98 

52-60 

18 

94 

30-41 

14 

97 

34-41 

18 

90 

39'-4'7 

14 


The growth rate (col. 1, under appropriate insect heading) is calculated as a reciprocal of the period in which half the 
number of insects completed their development and is expressed as a percentage of the controls. The period of ilevelop- 
ment (coL 2) records the spread in the larval period (Tribolium) or larval plus pupal period (other insecty). 0)1. 3 records 
the number, out of 20, completing development. The ‘all vitamins’ diet was that recorded in Table 2, no, 0. Tlie relative 
growth rates of Tribolium and the other insects are not strictly comparable because they are based with TriL ilium on the 
. larval period only and with the other insects on the larvM plus pupal period. Length of the pupal period of tlie insects 
in question is approximately 10 days. 

[Fraenkel & Blewett, 1943a, Fig. 1] Silvanus siirmamensis sometimes gave erratic 
in. the absence „ of single B-factors gave results results which could not be attributed to dietary 
almost identical with those described for factors. In die absence of aneurin, pyridoxin, 
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choline chloride, inositol or i^-aminobenzoic acid, 
growth was not impaired. Absence of riboflavin 
caused high mortality and considerable delay in 
growth, and without nicotinic acid or pantothenic 
acid hardly any growth took place. 


Effects of choline^ inositol and ’p-aniinohenzoic acid 

To obtain a clear indication as to the nutritional 
importance of choline, inositol and p-aminobenzoic 
acid, a series of tests was devised for TTiboliuin and 
Ptinus, in which the diets contained these sub- 
stances in various combmations. Diet no. 6, Table 2, 
was used. ,With Tribolium no difference was foimd 
in the efficiency of diets containing all the vitamins 
compared with cliets lacking either inositol, or 
p-aminobenzoic acid, or both. Without choline 
chloride, the diet became considerably inferior, 
much more so than in the corresponding tests of 
Fig. 2. Pupation started after 37 days, as compared 
with 30 days on the " all vitamins ’ diet. Omission of 
inositol + choline, or p-aminobenzoic acid + choline 
or of all three substances had no effect beyond that 
siiown by the absence of choline. 

With Ftiniis the result was somewhat different 
(Fig. 3). Omission of inositol, or p-aminobenzoic 



by the insoluble fraction, which was eventually 
found to be effective because it supplied biotin. 
The initial steps in the analysis which led to the 
recognition of biotin as the missing factor are 
described elsewhere [Fraenkel & Blewett, 1942 a]. 
The result of a test with crystalline biotin methyl 
ester (25 ^g. dissolved in 1 ml, of ethanol) is given 
in Fig. 4. The solution was taken up in a 1 ml. 



Days 

Fig. 4. Growth of Triboliwn confusum on the yeast extract 
diet with the addition of graded quantities of biotin 
methyl ester. 

hypodermic sj^ringe and the quantities required 
were pipetted through the needle into the diets. 
The yeast extract diet was greatly improved by 
adding biotin methyl ester in quantities corre- 
sponding to. 0-25 and 0*0625 ^g./g. dry diet. In 
larger quantities biotin had a toxic effect. Quan- 
tities lower than 0*0625 pg./g. were not tested in 
this series. This very small dose produced an 
optimal effect wlaich at first suggested that the 
optimal dose might be lower still. The toxic effects 
of larger quantities were not due to insufficient 
removal of the alcohol. 

The experiment recorded in Fig. 4 was subse- 
quently repeated with pure biotin in place of the 
methyl ester (Fig. 5). Growth was appreciably 


Fig. 3. Ptmus tecius. Explanations as for Fig. 2. 

acid singly had a slight, but possibly not significant 
delaying effect, wliile a cumulative effect of the 
absence of liotli tliese substances became manifest. 
Without cliolirie eiiloride, the diet became very 
inefficient. Omission of p-a.minc>benzoic acid + 
choline Itad no furtlier effect, but without choline 
+ inositol the liiet was inferior to the hio choline’ 
diet. Fi‘om these tests it appears that inositol is of 
some nutritional value for Ptinus. 

Biotni as an insect growth factor 

In the experiments so fur described, with one 
exception (p. 088), tlie diets contained the ih- 
soluble fraction of ye^ast. Farlier experiments 
[Fraenkel Blewett, 19436] liad shown that the 
water-soluble fraetiun of yeast was not fully equi- 
valent to whole yeast, but had to be supplemented 



Days 

Fig. 5. Growth of Tribolium confusum on the yeast extract 
diet with the addition of graded quantities of biotin. 


faster on the yeast extract diet without biotin than 
it had been on the former occasion. This is con- 
sidered to be due to traces of biotin in the yeast 
extract of the Fig. 5 series. The optimum concen- 
tration of biotin was reached with 0*1 yg./g. dry 
food, 0*05 jug./g. being almost as efficient. Larger 
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quantities again appeared to be toxic, while lower exception of Silvanus, omission of ‘insoluble yeast’ 

quantities show a graded decreasing response with causes the diet to become deficient,^ and that the 

the threshold at the very low quantity of between deficiency is made good by adding biotin. 

0*003 and 0*006 pg./g. This does not exclude the A few tests were^ performed with the diamino- 
possibility that an optimal effect would have been carboxylic acid which results from hydrolysis of 
shown with 0*1 ftg. biotin methyl ester. the urea ring of biotin [du Vigneaud, 1942] and is 

The difficulty of standardizing the yeast extract capable of stimulating the ^ growth of yeast in a 

and getting consistent results made it desirable to biotin -free medium, exhibiting about 10% of the 

construct a biotin-free diet which contained the activity of biotin [du Vigneaud, Dittmer, Hoffmann 

vitamins of the B-complex as pure substances, & Melville, 1942]. For a biotin-free diet 

instead of in yeast extract. The results of this series was considerably improved by the addition of 2*5 

are given on p. 688 [cf. also Fraenkel & Blewett, or 5*25/xg./g. of this diammocarboxylic acid, but 

1943 a, Fig. 3]. This diet, containing no yeast frac- still remained considerably inferior to the same diet 
tions, but 0*1 gg. biotin/g. of dry diet, is clearly as with biotin (0*1 ftg./g.) added. 1 p.g./g* of the 

efficient as a diet which contains insoluble yeast as diaminocarboxylic acid in the diet had no effect 

a source of biotin. Leaving out wheat-germ oil did whatsoever (Fig. 6). These tests show clearly that 

not alter the efficiency of the diet, but without biotin diaminocarboxylic acid has some effect in 
biotin growth became much slower and the effi- replacing biotin for Triboliurrif but that, as with 

ciency of the biotin -free diet was about that of a yeast, its activity is considerably less than that of 

typical yeast extract .diet without biotin. The re- biotin. This lesser activity cannot be compensated 
suits of these tests showed * that for Triholium . by using larger doses, because of a toxic effect, 
biotin is the only factor missing in a diet which All the tests so far described used diets con- 
contains yeast extract and no ‘insoluble yeast’. taining glucose. On a yeast extract diet containing 

Table 4. ikfediawi growth rate, period of developMent and uumher of pupae (Tribolium) or adults 
[other insects) formed, in the presence or absence of insoluble yeast or biotin 

(Explanation as for Table 3.) 


Triholium Ptinus Silvanus Lasioderma Sitodrepa 

A ... A • A , , ,■■■ , ... 1 A , „ ... " - 


Diet 

f " 

Growth 



{ 

Growth 



r 

Growth 


^ 

Growth 


Growth 



includes 

rate 

Days Nos. 

rate 

Days Nos. 

rate 

Days Nos. 

rate 

Days Nos. rate 

Days 

Nos. 

Yeast extract -f- 
‘ insoluble yeast ’ 

100 

29-36 

18 

100 

47-38 

18 

100 

27-35 

16 

100 

34-39 

19 100 

37-41 

17 

Yeast extract -H 
biotin 

107 

28-32 

19 

92 

54-70 

16 

95 

28-35 

16 

92 

26-39 

17 100 

37-39 

15 

Yeast extract alone 

> 80 

32-46 

19 

83 

56-70 

15 

95 

29-36 

14 

69 

41-64 

14 91 

39-51 

13 


Concurrently with these tests with Tribolium, 
corresponding tests were performed with four other 
beetles. The results are summarized in Table 4. It 



Fig. 6. Growth of Tribolium confusum on diets consisting of 
casein, glucose, cholesterol, salts, the eight members of the 
vitamin B-complex Jisted in Table 2, and in the presence 
or absence of biotin, or of graded amounts of ‘biotin’ 
diammocarboxylic acid. 

is clear [cf. also Fraenkel & Blewett, 19436, Figs. 

7“1 1 and Table 2] that for all the insects, with the 


starch instead of glucose, Tribolium grew much 
better than in the diet containmg glucose. The 
starch diet was almost as efficient as if it had 
contained ‘insoluble yeast’. The effect was traced 
to the fact that even pmified starch contained 
enough biotin to allow almost optimal growth of 
Tribolium. 

DISCUSSION 

A comparison of the effects of the absence of 
single B -vitamins on the different .msects is given 
in Table 3. The most striking result , is the 
difference in the nutritional requirements of 
Tribolium and Ptmus on tlie one liand, and 
Silvanus, Lasioderma and Sitodrepa on the other. 
The vitamin requirements of Tribolimn and 
Ptinus are similar to those of tlie rat, dog and 
chick. Broadly speaking, aneuriu, riboflavin, 
nicotinic acid, pyridoxin and pantotiienic acid 
are mdispensable ; in their absence growth is greatly 
affected. Choline and biotin are of somewhat lesser. 


k 
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but still great importance, whereas inositol and 
p-aminobenzoic acid are of minor or perhaps no 
importance. With the other insects, the above- 
mentioned ‘ indispensable ’ vitamins seem to be less 
important, although their requirements proved 
very different in detail. 

These two groups of insects differ in one important 
anatomical and physiological feature. Lasioderma, 
Sitodrepa and Silvanus belong to the large group 
of insects which contain intracellular symbionts 
[Buchner, 1930; Koch, 1933 a, 5; 1936]. The latter 
seem to be absent with Tribolmm and Ptimis. 
From the distribution of intracellular s;^nnbioses in 
insects several authors have considered their func- 
tion to be provision of accessory food substances: 
Wigglesworth [1929], Buchner [1930], Asclmer 
[1931], and Koch [1933 a, 6] produced evidence in 
support of this suggestion for Sitodrepa panicea. 
This insect when freed of its symbionts will not 
grow on ‘Erbswurst’, an otherwise satisfactory 
food, but will grow on ‘Erbswurst ’ plus 25 % yeast. 
Oiu* results reported in this paper strongly support 
the view that intracellular symbionts are sources of 
vitamins. In their absence, with Triholium and 
Ftmus, the ‘ indispensable ’ vitamins are necessary ; 
in their presence Lasioderma grows well without 
any of them, Silvanus can do without aneurin and 
p5^ridoxin and Sitodrepa without nicotinic acid, 
pyridoxin and riboflavin. More recent experiments 
have shown that Sitodrepa and Lasioderma, when 
grown in the absence of s,>nnbionts, have vitamin 
requirements which are much more exacting than 
those of the normal larva© and resemble in every 
respect those of Ptinus and Triholium [Fraenkel & 
Blewett, 1943 d; 1944]. But even with Triholium 
and Ptinus, in tlie absence of some of the ‘indis- 
pensable’ vitamins some growth takes place, and 
tills may be due to partial intestinal s;^mthesis. 
A parallel case is the synthesis of aneurin, ribo- 
flavin, nicotinic acid, pyridoxin, pantothenic acid 
and biotin by micro-organisms in the stomach of 
ruminants [Wegner, Booth, Elvehjem & Hart, 1941 ; 
McElroy & Goss, 1941]. Intestinal synthesis of 
biotin in the rat lias been demonstrated by Nielsen 
& Elvehjem [1942] and by Daft, Ashburn & Sebrell 
[1942], who produced symptoms of a deficiency, 
curable vith biotin, by feeding rats with the 
bactericidal drugs sulplianilylguanidine and succinyl 
sulphathiazoio. 

Insects require essentially the same factors of 
the \itamin B-eomplex as rats, chicks and micro- 
organisms. Drosophila requires aneurin, riboflavin 
[van t’ Hoog, 1935, 1936], nicotinic acid, pj^ridoxin 
and pantothenic acid [Tatum, 1939, 1941]; mos- 
quitoes recpiire the same substances [Trager & 
Subbarow, 1938; Subbarow & Trager, 1940]; Tri- 
requires aneurin, ribofiavih [Frobrich, 1939; 
Offhaus, 1939], and nicotinic acid [Barton- Wright, 


1941]; Galleria requires nicotinic acid [Rubinshtein 
& Shekun, 1941]. In none of these cases did the 
insects grow satisfactorily without the further ad- 
dition of yeast or yeast fractions. Insects have also 
been shown to require for optimal growth in addi- 
tion to yeast the water-insoluble fraction of yeast 
(Hobson [1933] for blowfly larvae, Frdbrich [1939] 
for Triholium, and Tatum [1939, 1941] for the 
Drosophila larva). The need of Triholium for biotin 
[Fraenkel & Blewett, 19426] has been confirmed by 
Rosenthal & Reichstein [1942]. 

The need of certain insects for choline chloride 
now appears clear. In tests with Tribolimn, omis- 
sion of choline definitely decreases the efficiency of 
the diet. The need for choline was still more marked 
in experiments with Ptinus (Fig. 3) and most 
strikingly demonstrated with Lasioderma [Fraenkel 
& Blewett, 1943<x, Fig. 2], in which choline seems 
to be the most important of the B -vitamins. With 
inositol and p-aminobenzoic acid the position is less 
clear and the results are conflicting, a position 
which closely resembles that experienced with 
vertebrates [Gy orgy, 1942]. 

For Triholium a diet without any yeast, but with 
the water-soluble B -vitamins and biotin in pure 
substance, with cholesterol and without wheat- 
germ oil, is in every respect as good as one with 
yeast or yeast fractions. This would appear to show 
that no further factors are required. Ptinus^ Sito- 
drepa and Lasioderma also grow about equally fast 
with either insoluble yeast or biotin. All the insects, 
with the exception of Sitodrepa, grow as well on 
mixtures of pure B -vitamins as on yeast extract. 
Taking all the evidence together j biotin and sterols 
seem to be the only water-insoluble factors Jn yeast 
which are required by the insects in question. Also 
they do not seem to require any B-vitamins in 
addition to those already discovered (exception, 
Sitodrepa), 

SUMMARY 

1. Five insect species have been grown on an 
artificial diet which contains alh the chemically 
identified members of the vitamin B -complex in 
pure form. For Triholium and Ptinus, aneurin, 
ribofla^dn, nicotinic acid, pyridoxin and pantothenic 
acid are essential vitamins; choline chloride is 
certainly, and inositol and p-aminobenzoic acid are 
possibly, of importance as growth factors. 

2. Lasioderma, Sitodrepa and Silvanus do not 
seem to require some of the vitamins which are 
indispensable for Triholium and Ptinus. This differ- 
ence in the vitamin requirements is due to the 
presence in Lasioderma, Sitodrepa and Silvanus of 
intracellular symbiotic micro-organisms, wffiieh syn- 
thesize some of the vitamins. 

3. When bred on a <liet of casein, glucose, chole- 
sterol, salts and aqueous yeast extract, insects 
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require, in addition, for optimal growth' a substance 
contained in the water-insoluble residue of yeast, 
which was found to be biotin. 

4. The optimal requirements of biotin for Tri- 
boUum are approximately 0* 1 ftg./g. of the dry diet, 
and the threshold of action is between 0*003 and 

0*006 jLtg./g. 

5. The insects tested do not appear to require 
any water -insoluble factor present in yeast in addi- 
tion to a sterol and biotin, 

6. The insects used, with the exception of Sito- 
drepa^ grow on a nlixture of pure B -vitamins as well 
as on yeast extract. It is concluded that these 


insects"' do not require B -vitamins beyond those 
already isolated. 
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The Sterol Requirements of Several Insects 


By G. FRAENKEL; and.,^ M. BLEWETT, Department of Zoology and Applied Entomology, 
Imperial G allege of Science and Technology, London, S.W. 7 

(Deceived 6 September 1943) 


It has been shown [Fraenkel & Blewett, 1943 a] 
that six insects which normally feed on flour and 
other stored food grow satisfactorily on a diet of 
casein 50, glucose or starch 50, yeast 5, cholesterol 1, 
salts 1 and water 15 parts. Without cholesterol, 
growth became slightly (Triholium, Silvanus, Lasio- 
derma), appreciably (Ptmus) or sevemlj (Sitodrepa, 
Mphestia) impaired (Table 2 (I)). If the diet con- 


tains aqueous, yeast extract in place of yeast to- 
gether with cholesterol, all the insects develop, 
though at a reduced rate resulting from a deficiency 
of ...biotin. Without cholesterol the diet, becomes , 
entirely or almost entirely inefficient for all the 
insects tested (Table 2 (3) and Fraenkel & Blewett 
[1943a]). In til© present work the specificity of the 
sterol requirements of these insects is investigated. 


Pupae 
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EXPERIMENTAL 


A convenient method of preparing a sterol -deficient 
diet is Soxhlet extraction of wholemeal flour with 
chloroform for at least 10 hr. Extraction with ether 
(Soxhlet) proved unsuccessful in removing the 
sterols sufficiently. Addition of various sterols fully 
restored the nutritional qualities of the flour. This 
effect was used as a means of comparing the nutri- 
tional values of sterols and sterol derivatives. In 
addition to the insects enumerated by Fraenkel & 
Blewett [19436, p. 686], the flour moth Ephestia 
kiiehniella Zell, w^as also used. The methods of 
experimenting and assessing results are fully de- 
scribed elsewhere [Fraenkel & Blewett, 1943 a, c]. 

The following sterols and sterol deriyatives were 
used: 

Cholesterol, sitosterol, ergosterol, calciferol, 7-ketochole- 
steiyl acetate, T-hjalroxycholesterol, 7 -hydroxy cholesteryl 


dibenzoate, 7-dehydrocholesteryl monobeiizoate, 7-de- 
hydrocholesterol, cholestanol free from cholesterol (Glaxo 
Laboratories Ltd.). 

Cholesterol purified via the dibromide, cholestanol (di- 
hydrocholesterol), zymosterol, A^-cholestene, cholesteryl 
acetate (Prof. I. M. Heilbron and Dr E. R. H. Jones). 

RESULTS 

On wholemeal flour extracted with chloroform, 
Sitodrepa and Ephestia did not grow at ail, Ptinus 
grew very slowly with only very few insects com- 
pleting development, while Tribolium, Lasioderma 
and Silvanus grew somewhat better but still at a 
greatly reduced rate. Adding a few drops of the 
chloroform extract to extracted flour restored it 
to almost its original efficiency. Wheat-germ oil 
(Vitamins Ltd.) restored extracted flour to its full 
nutritional value for Triholiwm and Ephestia and 
was more efficient than the chloroform extract 
(Table 1 and Figs. 1, 2), 


Table 1. Growth on flour extracted with chloroform and with the addition of the extracted material 

or a number of sterols or sterol derivatives 

Growth 


With basal diet of CHCb-extracted wholemeal flour, of 


With basal 
diet of 
yeast and 



Fig. 1. 


E%. ; 


Ing. I. Tribolunn rfnifn^um. Growth on wholemeal flour extracted with chloroform, and on extracted flour with the 
adiiition of wh(‘at-genii oil, sterols or sterol derivatives. 

Pig. 2. Eplu-stia L'io tnn'f-lta. Explanation as for Fig. 1, 


Addition to basal diet 

Tribolhim Lasioderma 

Silvamis 

Ptimis 

Sitodrepa 

Ephestia 

Dermestes 

' ''1 

None 

+ 

4 

4 4 

± 


■ _ 

- 

' 1 

Chloroform extract 

-f -f + 4- 

4 4 4 4 

4 4 4 4 

4 + 4 

4 4 4 

4 4 4 

- 

l| 

Wheat -germ oil 

4 4 + 4 





4 4 4 4 4 


i 

Cholcstei'ol 

4 4 + 4 

4 4 4 4 

4 + 44 

4 4 4 4 

4 4 4 + 

4 4 4 

4 4 4 4 

li 

Sitosterol 

4 4 4 4 

4 4 4 4 

4 4 + 4 

4 4 4 

4 4 4 4 

• + -U 

- 

fi 

Ergosterol 

4 4 4 4 

4 4 4 4 

4 4 4 

4 4 + 4 

4 4 4 4 

4 4 

- 


Cholestanol 

+ 4 ( 4 ) 

4 4 

4 4 4 

4 4 

+ 4 4 

4 

- 

1 

A*'''-ChoIestene 

+ (+) 


. 



- 


, '& 

Zymosterol 

+ (v) 

-i- 4 

4 + 4 

+ (4) 


- 


Calciferol 


± 

4 4 

- 

“ 

- 

- 

‘U 

7- Delml rochol est erol 

■■p 4 4 4 

4 4 4 + 

4 4 4 4 

4 4 4 4 

,444 + 

4 4 4 

4 4 4 4 


Cholesteryl-aeetate 

4 4 4 4 




4 4 4 4 

4 + 4 

+ + + 4 

. 1 

7-Hydroxycholester( >1 

± 




- 

_ 


7-Dehy ciroc*} i (jlestery 1 'i non obeiizoate 

4 4 





- 

4 4 4 4 


7-Hyd roxy ch ol estery I d ilienzoate 





- 

- 

_ 


7 -Ketocholestery i a cetate 

- 




- 

- 

- 

i 

Tlie tinii - signs give a rough quantitative estimate of the relative efficiency of diets. Explanation of the symbols 

m Fraenkc‘1 &: BUnvidt j 1943u]. 

: 1 



Tabie 2. Growth on diets slightly (1) or grossly (2 and 3) deficient in sterols 


' Growth of 

^ ■ ' .. A 

Tribolium Lasioderma Silvanus Pimm Sitodrepa Ephesiia 


( 1 ) Casein, starch, 5 % yeast . 

(2) Flour extracted with chloroform 

(3) Casein, glucose, yeast extract 


ergosterol, cholesteryl acetate and 7-debydrochole- 
sterol, and, to a lesser degree, on cholestanol 
(Fig. 2). From this it appeared probable that the 
seemingly positive effects of zymosterol on Lasio- 
derma and Silvanus, and of d®-cholestene, dehydro - 
cholesterol monobenzoate and zymosterol on Tri- 
holium, were due to impurities. This does not apply 
to cholestanol, of which a pure sample was obtained 
on which even Sitodrepa and Ephestia grew fairly 
well. Cholestanol is, therefore, of some food value, 


only the acetic ester retained fall activity, and 
dihydrocholesterol (cholestanol) appeared of some 
food value. All the other stmctrual changes, such 
as loss of the secondary alcohol group in j^-choie- 
stene, introduction of a second alcohol group in 
7 -hydroxy cholesterol, and estexification of this 
group in 7-hydroxycholesteryi dibenzoate or intro- 
duction of a keto-group on carbon atom 7 in 
7-ketochoiesteryl-acetat.e, caused loss of nutritional 
value. 
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The results of adding sterols and sterol deriva^ although inferior to the good sterols. Calciferol 
tives to extracted flour are summarized in Table 1, (vitamin D 2 ) was not utilized by any of the insects 
and are given for Tribolium and Ephestia in Figs, tested. 

1 and 2. Adding cholesterol, ergosterol or sitosterol DISCUSSION 

restored its original efficiency either entirely or 

almost entirely. Only with Ephestia wheat-germ It has been knowm for several years that sterols are 
oil proved more efficient than any single sterol growth factors for certain insects (literature m 
(Fig. 2) and from these results, and others not yet Fraenkel, Reid & Blewett [1941]) and this is now 
published, it seems likely that other fat-soluble shown to be true for six more insects. It is also 
factors, possibly imsaturated fatty acids, are re- now certain that the fat-soluble factor necessary 
qmvodhY Ephestia. Destruction of such unknown fov Ephestia kuehniella, described by Richardson 
factors during the prolonged chloroform extraction [1926] as vitamin A, is in fact a sterol. The last 
at a high temperature may explain why wheat-germ column of Table 1 contains the resuits of a previous 
oil proved more efficient for Ephestia than the investigation of the sterol requirements of another 
chloroform extract. We do not yet know whether beetle, Dermestes vulpinus [Fraenkel et al. 1941]. 
small differences in the efficiency of cholesterol, The strii^ing difference in the sterol requirements 
ergosterol or sitosterol are significant. Of the other of Dermestes and the flour insects is that Dermestes 
sterols tested, only 7 -dehydrocholesterol and chole- will not grow on ergosterol or sitosterol. This limits 
sterylacetate proved of about the same nutritional its distribution to food of animal origin, while the 
value as the three common natural sterols. flour insects grow equally well on a diet of vegetable 

In evaluating the effect of sterols and sterol origin (containing Sitosterol), animal origin (con- 
derivatives it has to be borne in mind that extracted taining cholesterol) or micro-organisms (containing 
fiour proved entirely inefficient only for Sitodrepa ergosterol) [see Fraenkel et al. 1941; Fraenkel & 
and Ephestia, while some, growth took place with Blewett, 1943 c]. 

the other species. This growth was almost certainly The present work confirms the observation that 
only possible through traces of sterols remaining in certain insects require sterols in the diet, and not 
the flour after extraction. Furthermore, most of calciferol (vitamin Dg), in which the tetracyclic 
the derivatives of cholesterol which we tested were arrangement of the carbon atoms has been changed 
not pure and almost certainly contained cholesterol, and which is consequently not a true sterol, 
while zymosterol was probably not free from ergo- • 7 -Dehydrosterols are utilized as well as sterols 
sterol. Traces of any physiologically active sterol with only one double bond in ring B (cliolesteroi, 
would, therefore, be expected to improve further sitosterol). There is, however, no reason to assume 
the extracted flour for those insects which already that cholesterol and sitosterol are utilized by virtue 
showed some growth on it by virtue of small of traces of the respective dehydrosterols which are 
amounts of sterol retained. The insects which re- usually associated with them in biological material, 
quired large amounts of sterol, and which entirely Cholesterol, puiified via the dibromide and free of 
failed to gi’ow on extracted flour, viz. Ephestia and dehydrocholesterol, proved Just as efficient as un- 
Sitodrepa, grew W'eil only on cholesterol, sitosterol, purified cholesterol. Of the cholesterol derivatives, 
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STEROL REQUIREMENTS OF INSECTS 


The requirements for sterols seem, therefore, to 
be qualitatively the same for the six insect species 
under investigation, but there are obvious quanti- 
tative differences. From a comparison of the 
growth on three diets relatively deficient in sterols 
(summarized in Table 2) it can be concluded that 
Sitodrepa, Ptinus and Pphestia huelmiella require 
larger quantities of sterols than Triholium, Lasio- 
derma and Silvanu£ 

SUMMARY 

The sterol requirements of six different insect 
species have been investigated; all the insects re- 


quire a sterol in the diet for growth. The quanti- 
tative requirements of sterols by different insects 
are different, but the qualitative requirements of 
the insects under investigation are the same. 
The specificity of the sterol requirements was 
studied. 

We gratefully acknowledge a Government grant from 
the Royal Society, which, partly, made this investigation 
possible. We are also much indebted to Prof. I. M. Heilbron 
and Dr E. R. H. Jones (Imperial College of Science and 
Technology) and to Mr A. L. Bacharach and Dr E. Lester 
Smith (Glaxo Laboratories Ltd.) for the gift of a number 
of sterols. • 
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Apparent Vitamin C in Foods 
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(Received 12 August 1943) 


Titration with 2: 6-dicliloroplienolindophenol is 
used to estimate vitamin C in a wide variety of 
foodstuffs, tliougli tile dye may react with sub- 
stances besides ascorbic acid. HaiTis [1933] showed 
that dye-red iieing substances can be produced by 
heating certain sugars with alkali. Johnson [1933] 
found with germinated peas that dye titrations 
indicated higlier vitamin C contents than w'as shown 
by biological tests. In acid extracts part of the dye- 
rediieing pov’er wus due to a substanee which re- 
duced the dye more slowly than ascorbic acid. 
.Bacharach, (fook & Hmith [1934] found an increase 
in the dye-rethuing power of malt extract heated 
to 100" for 4-2 iir, McHenry & Graham [1935] 
obtained increases of 50-170% by heating certain 
vegetables for a few minutes at 58*^ or by standing 
tiiese for a few hours at room temperature in 1 % 
li(]L Ahmad [1935] found that boiling cabbage for 
10 min. with 20 GClyCOOH increased the appa- 
rent vitamin G content by nearly 200%. Reedman 
& McHenry [H)38] found tha^. the apparent vita- 
min C in heated potatoes resembled true vitamin C 
in both physiological and many-ehemical properties. 
Their suggestion that ascorbic acid might exist in 
combination witii protein from which it was set free 
by heating was disere{.Uted by Plarris & Olliver 
[1942], who suggested three possible causes for the 


results; (1) incomplete extraction from unheated 
tissues, (2) variations in sampling, (3) inhibition by 
heat of the ascorbic acid oxidase in the foods 
examined. The possible occurrence of non-specific 
dye -reducing substances in vegetable tissues was 
considered of little or no practical importance, 
although it was admitted that germinated seedlings, 
malt extract, yeast and fermented juices might 
repay further study. 

During the last three years we have been accumu- 
lating evidence to show that the apparent vita- 
min C content of foods can become considerably 
higher than the true vitamin C value imder manu- 
facturing and storage conditions which may occur 
in practice. Preliminary reference to these findings 
was made by Wokes, Johnson, Duncan, Oigan & 
Jacoby [1942] and by Wokes, Organ, Duncan & 
Jacoby [1943a]. The provisional term ‘apparent 
vitamin O’ was proposed to describe substances 
occurring in natural and processed foods which, 
although not possessing antiscorbutic activity, 
simulate vitamin C very closely in their chemical 
and physical properties, so that they are not dis- 
tinguished from it by the indophenol titration as 
usually applied, and may therefore cause results to 
be too high. Methods of estimating true vitamin C 
in the presence of this apparent vitamin C have 
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been described by Mapson [1943 a, 6] and by Wokes, 
Organ & Jacoby [19435]. In this paper a brief 
account is given of the production and occurrence 
of apparent vitamin C in foodstuffs, and of some 
of its properties. 

EXPERIMENTAL 

Indophenol titmtiom i ^ 

In our earlier experiments we used only the visual dye 
titratipn method essentially as described by Harris & 
Olliver [1942]. Later we also used the potentiometric 
method of^Harris, Mapson & Wang [1942] with modifica- 
tions. This proved invaluable both for deeply coloured 
products and for following dye reactions more precisely 
than is possible visually, and we are greatly indebted to 
these workers for details of the method prior to publication. 
Satisfiictory agreement was obtained between visual and 
yjotentiometric results, provided that timing and rate of 
dye additions were carefully controlled as described by 
Wokes eZ ah [19436]. 

Estimation of apparent vitamin 0 

This was carried out by a modification [Wokes et al. 
19436] of the method of Lugg [1942]. Lugg divided the 
various dye-reducing substances into three groups according 
to their rate of reaction with formaldehyde: (a) react 
readily at pH 1-5 and 3*5, (6) react readily at pH 3*5, 
slowly at pH 1*5, (c) do not react readily at either pH. 
Ascorbic acid was the only substance he had found in 
group (6); reductone occurred in group (c). Hence a basis 
was provided for differentiating ascorbic acid from re- 
ductone. 

It has been shown by Mapson [19436] and ourselves 
et al, 19436] that reductone and other components 
of apparent vitamin 0 |eact too rapidly with formaldehyde 
at pH 3-5 for satisfactory differentiation. We have obtained 
satisfactory results by treating mixtures of true and 
apparent vitamin C with formaldehyde at pH 4-5 for 6 min. 
This destroys the whole of the true vitamin C but little, 
if any, of the apparent vitamin C. Recovery experiments 
are made to correct for any apparent vitamin G destroyed 
in certain materials. The action of the formaldehyde is 
checked at the end of 6 min. by adding excess HPOg to 
bring the pH to about TO. To calculate true vitamin C 
the apparent vitamin C thus determined is , subtracted 
from the total vitamin C estimated ^with similar timing 
rate of dye additions. 

Production of apparent vitamin C hy heating with mineral 
acid 

Potatoes, cabbages, carrots, germinated grains (wheat, 
barley and oats), grass and lucerne were treated with 
various concentrations of HCl, H2SO4, HPO3 or CClsCOOH 
in a water- bath at 90-95°, or occasionally on a sand-bath, 
water being added at intervals to make good any loss. 
With some materials (e.g. grass), heating on a sand-bath 
proved more effective. With HCl or H2SO4, 2 % (v/v) of 
the concentrated acid gave the best results, producing as 
much apparent vitamin C as higher (up to 8 %) concen- 
trations of acid, but when less than 2% of concentrated 
acid was used the rate of production of apparent vitamin C 
fell rapidly with decreasing acid concentration. 1 % HPO3 
was more effective than lower concentrations, but the rate 


of production of apparent vitamin C was still much slower 
than with 2% cone. HCl. The apparent vitamin C pro- 
duced with 1% HPO3 or with 0-25% cone. HCl was 
unstable to prolonged heating. When heating cabbage 
extract in. 25% CCI3CO6H we' were not able to obtain 
any increase in the dye titration values such as Ahmad 
[1935] described, but, on the contrary, as heating con- 
tinued the titration value became less. Our cabbage 
extracts were prepared by grinding with quartz sand, with 
precautions to avoid destruction of ascorbic acid by 
oxidizing enzymes [vide Wokes & Organ, 1943]. Hence 
our findings indicate that the increase in the dye titration 
value observed by Ahmad when heating cabbage with 
25% CCI3COOH was due to extraction difficulties and not 
to production of apparent vitamin 0. We were able to find 
only slight traces of apparent vitamin 0 in our cabbage 
extracts wLen examining these by the method of Wokes 
et al. [1943 6]. On the other hand, when we heated ger- 
minated grains, grass and lucerne with acid, the dye titra- 
tion figures steadily increased during several hours’ heating 
(in contrast with the increase in 10 min. observed by 
Ahmad). The presence of apparent vitamin C was con- 
firmed by the above method, although the amount found 
was sometimes less than the increase observed, and the 
possibility of formation of hydro xytetronic acid was not 
precluded. Nevertheless, ample evidence was obtained that 
the increase in the dye titration values was not due to any 
of the three possible causes mentioned by Harris & Olliver, 
viz. incomplete extraction, variation in sampling, or in- 
hibition of ascorbic acid oxidase. A few representative 
results are given in Fig. 1. 

50r ^ 

S 30 - f' 

o ^ itf 

g20- ^ 


Hours at 100° 

Fig. 1. Production of apparent vitamin C by heating with 
2% cone. HCl or of cone. H2SO4 at 100°. Germinated 
grains, 0 0. Grass, x x> ' 'Lucerne, -^j^- - - - - 

Prodi^ction of apparent vitamin C by healing without add 
In certain foods and food matexials apparent vita min C 
can be produced by heating to about 100° witliout addition 
of acid. This effect is strongly marked with malt extract, 
in which it is possible to increase the apjxarent vitamin G 
content as much as 10 times, but may also be observed 
with fruit syrups and other products. If true vitamin 0 
be present, its destruction by heat may be .masked by the 
simultaneous production of apparent ’^dtamin C. This pro- 
duction of apparent vitamin G can take place at pH 4-5 
as compared with a pH below 1 in the experiments with 
acid. A few typical results are given in Table 1. 


Table 1. Apparent and trrm vitamin O contents of foods, etc. 


Material 

Fresh fruit and fruit preparations: 

Black currants, fresh 

Black currant Juice 

Black currant syrup, freshly made 

Black currant syrup after 8 weeks at room temp, in dark 

Black currant syrup after 13 weeks at 27° in dark 

Black currant syrup after 10 weeks at 37° in dark 

Bose hip syrup after 12 months at 0-5° 

Bose hip syrup after 12 months 
Cherry juice, cone., after 5 years at 0-5° 

Lemon Juice, cone., after 18 months at 0-5° 

Lemon Juice, cone., after 4 years at 0-5° 

Walnuts, unripe (Juglans regia), 2-3 g. 

Walnuts, unripe, 6-7 g. ^ 

Walnuts, unripe, 15-2() g. 

M alnuts, unripe, after precipitation of tannin (b) 

Dried fruits and vegetables : 

Dried bananas (c) 

Dried carrots (c) 

Dried potatoes (d) 

Dried rose hip extract (mean of five samples) (e) 

Dried spinach (c) 

Dried tomatoes (c) 

Malt extracts: 

Liquid malt extract, low diastatic power (d.p.) 

Liquid malt extract, normal d.p. 

Liquid malt extract, normal d.p. 

Liquid malt extract after i hr. at 100° 

Liquid malt extract after I hr. at 100° 

Liquid malt extract after 9 months at 37° 

Dried malt extract, low b.p. (g) 

Dried malt extract, normal d.p. (g) 

Sugars and molasses : 

Sugar, white (mean of three samples) 

Sugar, bro'V’^'ii (mean of four samples) 

Golden syrup 
Molasses, beet 
Molasses, cane 

Molasses, before charcoal treatment (h) 

Molasses, after charcoal treatment 
jMolasses, beet concentrated preparation 
Molasses, beet concentrated preparation 
Molasses, cane concentrated preparation 
Cocoa, chocolate: 


Cocoa, defatted, mixed sample 
(.\-jcc)a, tietatted, after precipitati 


(lioeolate, vita minized 
Chocolate, vital n in ized 

Miscellaneous ; 

Beer, light draugiit 
Beer, dark draught 
Parsley (i) 


precipitation of tannin 




Vitamin C content 

— .'V, 




(mg./lOO g.) 


True 

pH of 
material 

Total 

Apparent 

(a) 

True 

as per- 
centage 
of total 

3-2 

202 

4 

198 

99 

3‘2 

140 

5 

135 

96 


103 

2 

101 

98 

~ 

96 

58 

68 

4 

3 

8 

92 

55 

60 

96 

94 

88 

3*7 

156 

20 

136 

88 

3*6 

3*8 

1-7 

101 

47 

193 

69 

45 

42 

32 

2 

151 

31 

4 

78 

1*7 

27 

21 

6 

22 

— 

2619 

1310 

1309 

50 

5*2 

2961 

987 

1974 

67 

3-9 

2028 

408 

1620 

80 

3’9 

1909 

400 

1509 

79 

5-0 

6 

1 

•y 5 

83 

4-8 

90 

49 

41 

45 

4-5 

27 

4 

23 

85 

4-1 

1300 

50 

1250 

96 

7-0 

2 

0*5 

1*5 

75 

4-7 

89 

55 

34 

38 

4-7 , 

3 

if) 

0 

0 

4-7 

12 

if) 

0 

6 

4-8 

5 

if) 

0 

0 

4*8 

12 

if) 

0 

0 

4*8 

20 

if) 

0 

0 

3*6 

103 

if) 

0 

0 

4*7 

3 

if) 

0 

0 

4*7 

12 

if) 

0 

0 


(a) vitamin C determined by method of Wokes et al. [1943 i] checked occasionally by Mapson’s method 

(b) By methcid <>fMirinumofF& Mori [1940]. 

(c) Alter about 4 years’ storage in airdilled containers at room temperature. 
id) Alter 6 \^'eeks’ storage in air-tilled containers at room temperature. 

bd pH range 4*0-4'2. 

(/). Some of tii<‘ dye reduetant in these preparations reacted with HCHO under the given conditions, but since it had 
^ been produced by heating was considered not to be ascorbic acid. 

ip ]>y evaporation m of the corresponding liquid malt extract. 

(«) ireiitrnent normally used in refining sugar. 

(i) During extraction cyanide used to inhibit action of oxidizing enzymes and stabilize apparent and true vitamin C.* 
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Development of appareni vitamin C during storage 

Apparent vitamin C may be gradually formed dming 
storage under normal conditions. The rate of formation is 
affected by temperature, moisture content and exposure 
to air and enzymic action. 

(a) Effect of storage temperature. Fig. 2 summarizes some 
results obtained on malt extract, which show that the rate 
of formation of apparent vitamin C is affected by the 


A *^0 Iff 20 30 40 50 

Weeks stored at 37*^ 

Fig. 3. Rate of production of apparent vitamin G in malt 
extract stored in air-filled containers at 37A showing 
effect of enzyffie and moisture content. Results on dried 
extract of low diastatic power (12 Linther), 

Dried extract of normal diastatic power (112 Lintner), 
0 — _ 0 . Liquid extract from which low d.p. dry extract 
prepared, x — •— * x . Liquid extract from which normal 
d.p. dried ext. prepared, 

storage temperature. At 37° increases of 12-103 mg./lOO g. 
observed during 268 days’ storage. In the refrigerator 

, wn • -i? Ann/ 


{h) Effect of moisture content. Removal of all but 1-2% 
of the moisture greatly retards the rate of production of 
apparent vitamin C. This is clearly shown by results of 
experiments on malt extract before and after drying. 
Rather less conclusive evidence was obtained, indicating 
that destruction of the malt enzpnes also diminished the 
rate of production of apparent vitamin 0 (see Fig. 3). 

In dried extracts of vegetables and fruits stored for 
4 years at room temperature in air-filled containers there 
was marked development of apparent vitamin C, masking 


G 20 40 60 

Days stored 

Fig. 2 . Effect of storage temperature on rate of production 
of apparent vitamin 0 in malt extract. Increase at 37°, 

^ Increase at room temperature, x x. 

Increase at 0-5°, 0 0 . 


Years stored at room temperature 

Fig. 4. Total and apparent vitamin C in dried fruit and 
vegetables stored in air at room temperature. A, total 
vitamin C in dried tomatoes. R, true vitamin 0 in dried 
tomatoes. 0 , total and true vitamin 0 in dried spinach. 
D, total vitamin C in dried bananas. 

the gradual destruction of true vitamin C (see results with 
tomatoes in Fig. 4). Storage in nitrogen -filled containers 
reduced the rate of formation of apparent vitamin C but 
did not entirely prevent it. 

Occurrence of apparent vitamin G in miscellaneous materials 
{a) Cocoa and chocolate. Apparent vitamin C has been 
found in considerable amounts in cocoa, and may therefore 
occur in chocolate used as a carrier of the vitamin (Table 1). 
When the true vitamin C gradually disajjpears during 
storage, the apparent vitamin 0 remains, and if no correc- 
tion is made for its presence the error increases in magni- 
tude. The apparent vitamin C is not entirely tannin, since 
it is not completely precipitated by the method of 
Mrimanoff & Mori [1940]. 

( 6 ) Fruits and fruit syrups. Fresh fruits appear on the 
whole to contain only small amounts of aicparent vita- 
min 0 , which does not usually exceed 10 % of the total 
vitamin C found. Unripe walnuts are an exception ; in 
some species the apparent vitamin 0 may be 80% of the 
total [Melville, Wokes & Oigan, 1943]. 

W^hen fruit juices are heated or subjected to prolonged 
storage more apparent vitamin C may be produced, so 
that it may eventually form the greater part of the total 
vitamin C found by the usual dye titration (Table 1 ). 
Some of this may be reductic acid formed by the action of 
the fruit acids on pectin or other constituents. 

(c) Sugar ^ syrup and molasses. Demerara and otluu' 
coloured sugars contain traces of apparent vitamin C, 
which may produce an appreciable effect on the total 
vitamin C content of fruit syrups. Some samx>les of table 
sjcrup contain more apparent vitamin C. This is also found 

in mnlsissp.'s ■frnm vprv onnfVi'nt.Tni pfl 
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can be obtained. In the process of sugar refining the 
apparent vitamin C is presumably produced by the treat- 
meht with mineral acid, and partially removed by subse- 
quent treatment with charcoal. 

(d) Vegetables. Significant amounts of apparent vita- 
min C have not been found in common raw vegetables, but 
may be produced by cooking at a high temperature (e.g. 
roasting or frying), and also* occur in some herbs such as 
sorrel and parsley. 

{e) Beer. Traces of apparent vitamin C, comparable 
with the total vitamin C contents of South African beers 
reported by Levy & Fox [1935], have been found in English 
draught beer; especial!}’' in the dark variety. 

P}'0‘perties of apparen t litamin JO 

(a) Temperature coefficient. The rate of production of 
apparent vitamin C increases with rise in temperature. 
Between 0 and 37“ the temperature coefficient for 10° rise 
is of the order of 2. At 100° a sharp rise in the rate occurs. 

[h] Effect of pH 071 rate of formation and stability. Appa- 
rent vitamin C develops as rapidly at pH 4-5 as at pH 1, 
and in part at least is unstable in 5 % “HPOg solution 
(pH below 1) as well as in less acid aqueous solutions. Its 
decomposition may be retarded by bubbling nitrogen 
through the solution to expel air, and by storage in the 
dark in nitrogen-iiiled containers; also by the use of 
cyanide, 

(c) Effect of oxidizing enzymes. These, including ascorbic 
acid oxidase, were extracted from outer cabbage leaves by 
the method of Szent-Gydrgyi [1931], from cauliflower inner 
florets by the method of Hopkins & Morgan [1936] and 
from uiiripe tomato skins by the method of Wokes & Organ 
[1943], and tested on apparent vitamin C obtained either 
at a pH of about 1 (e.g. beet and cane molasses, acid-heated 
extracts of various foods) or at a pH of about 5 (e.g. 
dehydrated foods, malt extract). Freslily prepared solu- 
tions in buffers of pH 2-6 were mixed with the enzyme 
extracts at room temperature and apparent vitamin C 
determined at intervals. The enzymes destroyed apparent 
vitamin C under the same conditions as they destroyed 
real vitamin C. 

(d) Effect of oxidizing agents. Practically the whole of 

the apparent vitamin C in different foods can be destroyed 
within 2-3 min. by treatment with 0*1 % hydrogen peroxide 
or sodium percarbonate at 37°. This treatment also destroys 
true vitamin C. With lower concentrations less of the true 
or apparent vitamin C was destroyed. Even 1:10® dilution 
of produced an appreciable effect. The rate of de- 

structii>n Avas most rapid in the first minute. It did not 
appear possible to differentiate between true and apparent 
vitamin C by such means. 

(e) Effect of uttra-riohj light. Griffiths [1043] suggested 
that rediiotones might he formed by the action of ultra- 
violet light on substance^s in the atmosphere. Solutions of 
dehydrated foods, in which it was known that apparent 
vita fit in V could be developeii during prolonged storage, 
were irradiated (mercury vapour lamp) at pH 4-6 in 
covered JMri dishes for several liours, screens being used 
to cut out sliort wave-length rays not present in sunlight, 
vdthout development of apparent vitamin C. Solutions of 
foods in which the apparent vitamin G was already present 
W’ere irradiated under similar comiitions, and the appairent 
vitamin C was gradually destroyed, having almost entirely 
<lisappeared after 3-4 hr. irradiation [Wokes, 1943]. Whilst 
ultra-violet light did not produce any apparent vitamin C 


in these dehydrated foods, the position may be quite 
different in natural foods, such as fruits, which are exposed 
to sunshine and contain various pigments and enzyme 
systems. 

if) Spectroscopic evidence. Hr R. A. Morton kindly 
examined spectroscopically three of our most concentrated 
sources of apparent vitamin C obtained from malt extract 
by prolonged incubation, and from beet and cane molasses 
respectively. The treatment which these had undergone 
precluded the presence of true vitamin GV and the absence 
of antiscorbutic properties was also shown by physiological 
tests. The incubated malt extract show'cd a very distinct 
maximum at about 280 m/x (Fig. 5). Maxima in the beet 



Fig. 5. Absorption spectrograms of concentrated prepara- 
tions of apparent- vitamin C obtained from: malt ex- 
tract, ; beet molasses, x---- - x ; cane molasses, 

0 0 . 

molasses at about 276 and 264m/x, and in the cane molasses 
at about 275 and 256 m^u, were obscured by general ab- 
sorption, due to the dark colour. When this dark colour 
was removed by treatment with charcoal, the apparent 
vitamin C was not recovered. Attempts to obtain colourless 
extracts suitable for spectroscopic examination by shaking 
or Soxhlet extraction with methanol or ethanol or by pro- 
longed shaking with ether proved unsuccessful. 

, DISCUSSION . 

The production of non-specific dye reductants by 
heating different foodstuffs with or without acid has 
been mentioned by a number of previous workers. 
Very little was imown of the nature and properties 
of these reductants and they were generally assumed 
not to affect the vitamin C value of foods as deter- 
mined by dye titrations, either because they were 
not present in significant amounts or because they 
reacted more slowly with the d}^e so that their 
interference was obviated by carrying out the titra- 
tion very rapidly, the end-point being reached in a 
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minute or less. However, some doubt has been cast 
on this assumption by the recent findings of Hoch- 
berg, Melnick & Oser [1943] and Taylor [1943] that, 
when the end-point is reached still more rapidly by 
extrapolation of photoelectric data, the results 
may be appreciably lower than those given by the 
ordinary visual methods. Taylor [1943] found the 
total vitamin C in unripe walnuts to be about 13 % 
less by the more rapid method, and similar dis- 
crepancies occurred with other foods. 

Wokes et aL [19436], using a potentiometric 
method, have shown that the vitamin C value ob- 
tained for samples of dehydrated carrots, in which 
much apparent vitamin C had developed during 
4 years’ storage, was increased as longer intervals 
were allowed between the dye additions, thus al- 
, lowing more time for the apparent vitamin C to 
react. With additions every 15 sec. the result was 
about 40 mg, / 1 00 g. ; with additions every 8 min. 
the result was over 100 mg. /1 00 g. It was suggested 
that this was due in part to enol-keto tautomerism. 
Apparent vitamin C was thought to exist in the 
solutions undergoing titration as a mixture of two 
isomers. Only one of these reacts with the dye. As 
the dye is added it removes the active isomer, and 
rnore of this is formed from the inactive isomer to 
restore the ecjuilibrium. Thus the time effect is due 
to the rate of enol-keto tautomerism as well as to 
the rate of reaction of the active form wdth the 
dye. 

In the present investigation it has been found 
that apparent vitamin C can be formed xmder much 
less drastic conditions, and occurs more widely and 
in greater proportions than was previously sup- 
posed. Moreover, its components resemble true 
vitamin C closely ( 1 ) in their susceptibility^to oxida- 
tion by very low concentrations of inorganic or 
organic peroxides — an oxidation which is accele- 
rated by enzyme extracts containing ascorbic acid 
oxidase, ( 2 ) in their removal by activated charcoal 
and general behaviour towards adsorbents, and 
(3) in their reduction of iodine, ammoniacal silver 
nitrate or alkaline copper solutions (Benedict’s, 
Feliling’s) in the cold. Some of the reductants in 
apparent vitamin C are gradually destroyed on 
standing in HPO 3 solution at room temperature, 
but may be stabilized by nitrogen or cyanide ; others 
are stable in HPOg solution. They also differ from 
vitamin C in possessing no antiscorbutic activity 
and in being more stable towards heat and towards 
formaldehyde at pH 4-5 [Wokes et al, 19436]. They 
should resemble ascorbic acid closely in chemical 
constitution and contain the active dienol and car- 
bonyl groups. These are present in reductone, re- 
ductic acid, dihydroxymaleic acid and hydroxy- 
tetronic acid, four compounds closely related to 
ascorbic acid, as shown by comparison of their 
formulae. 
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Reductone is formed, amongst others products, 
when carbohydrates are treated with alkali. Such 
treatment may produce a variety of enoiic com- 
pounds, hence the ‘reductones’ which Mapson pre- 
pared may have contained other dye reductants 
besides pure reductone, especially as their properties 
differed in certain respects (e.g. stability towards 
HPO3) from those of our apparent vitamin C. 
Martins & Euler [1934] show^ed that reductone and 
dihydroxymaleic acid react much more slowly with 
the dye when the pH is >5, and suggested that 
reductone could dissociate into two tautomeric 
ionized forms 

OH 0— 0— 0— 


Snow & Ziiva [1938], when describing their experi- 
ments with ascdrbic acid oxidase on reductone, 
suggested that their findings might be explained by 
the high dye -reducing power of one of these isomex's, 
the concentration of which would be controiled by 
the velocity of the tautomeric conversion. A similar 
explanation is suggested for the variations we have 
observed in the reaction velocity of the dye with 
apparent vitamin C in different foodstuffs. Reduc- 
tone has an absorption maximum at 287my, above 
pH 5*7 and at 268 m/x at pH 4*0 or lower, indicating 
a change in the proportion of the two isomers in 
this pH range which may be related to the difference 
in properties of apparent vitamin C in foods of pH 
above or below this range. The maximimi at 268 m/x 
would be in good agreement with the maximum of 
264 m/x found in our beet molasses at a similar pH, 
but the evidence for the presence of reductone is 
not conclusive. Euler & Martins [1933] stated that 
reductone has no antiscorbutic activity. 

Reductic acid was obtained by Reichstein & 
Oppenauer [1933] by heating beet sugar pectin or 
various carbohydrate derivatives with mineral acid, 
treatment like that which produced apparent \Ita- 
min C in our molasses. Reductic acid has an ab- 
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sorption maximum at 280m/x at pH 6 and at 264mjLt 
at pH 3 [Mayer, 1937]. The spectroscopic data on 
our materials do not preclude the presence of re- 
ductic acid, but the fact that the apparent vita- 
min C was not completely destroyed on standing in 
HPOg [Wokes et aL 19436] suggested that the latter 
contained at least two different substances. 

Dihydroxynialeic acid is formed when tartaric acid 
is oxidized by HgOg in presence of small quantities 
of ferrous salts in sunlight. Szent-Gyorgyi [1939] 
states that it is quite common in plants, where it 
probably serves as a hydrogen transmitter analogous 
to ascorbic acid, being reversibly’ oxidized by an 
oxidase similar to ascorbic acid oxidase. Dihydroxy- 
maleic acid, like ascorbic acid, is rapidly oxidized 
by traces of peroxides, but unlike ascorbic acid is 

; unstable in acid solutions, in which it resembles 
part of the apparent vitamin C in our materials. 
Solutions of dihydroxymaleic acid in HPO 3 are not 
stabilized by nitrogen or c^-anide. Such stabiliza- 
tion might be effected in the presence of certain 
food extracts, but our experiments in this direction 
have so far proved unsuccessful. Potentiometric 
studies of its rate of reaction with the dye confirm 
Szent-Gyorgyi’s suggestion that in aqueous solution 
it is subject to enol-keto tautomerism. The maxi- 
mum light-absorption for dihydroxymaleic acid in 
water is at 290 mg. Tliis differs appreciably from the 
maximum at 280 mg in our incubated malt extract, 
and the maximum at 275-276 ni/i in the molasses, 
but the “possibility must be considered that the acid 
ill the molasses may iiave shifted the dihydroxy- 
maleic acid maximum from 290 mg to a lower 
wave -length. The presence of dihydroxymaleic acid 
in our materials is therefore not excluded. The 

i destruction of the non-specific reductant in these 
materials by our enzyme extracts may have been 

i due to their containing dihydroxymaleic acid oxi- 
dase, which Banga & Pliilipot [1938] found in many 
plants. Dihydroxymaleie acid is not antiscorbutic 
[Dalmer, 1934]. 

Hydroxytctronic acid is chemically of interest as 
being the parent substance from which ascorbic 
acid i.s proba}>ly forme<l. It resembles ascorbic acid 
closely in its rate of reaction with HCHO and with 
the indophenol dye. Its maximum absorption at 
246 mg is appreciably lower than the nearest maxi- 
mum of 2 56 mg in any of our materials, and ivould 
presumably tend to become still lower in presence 
of acid. Its occurrence in our materials seems less 
likely tlian that of red net ic or dihydroxymaleic 
acids. H ydrox^'tetronic "“acid is not antiscorbutic 
[:\Iicheel & J^mg^ 1934]. 

Other possible const if uents of apparent vUamm C. 

It appears from spectroscopic ex'idence, and from 
tlie effects of HPO 3 and HOHO at different pH 
[Wokes ct aL 10436], that apparent vitamin C fre- 
quently contains more than one non-specific re- 
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duetant. In addition to the reductants mentioned 
above, enolic substances may be present which 
reduce the dye faii’ly rapidly but which are less 
closely related to ascorbic acid. Certain German 
workers [cf. Enders, 1938; Luers, 1937] have de- 
scribed the oecm’rence and gradual development, in 
malted barley extracts and beer during storage, of 
dye reductants w'hich they state are formed by 
condensation of sugars and amino-acids with evolu- 
tion of CO 2 . These reductants are stated not to 
reduce Fehling’s solution, which indicates that their 
chemical nature differs more widely from that of 
ascorbic acid than does that of the above four 
reductants. 

SUMMARY 

1 . The provisional term ‘apparent vitamin C’ is 
proposed to describe a group of substances occurring 
in foods and closely resembling ascorbic acid in 
chemical and physical properties (as well as in be- 
haviour towards oxidizing enzymes), so that they 
are not distinguished from vitamin C by the dye 
titration generally employed. 

2 . These substances probably all contain the 
dienol group, and may include reductone, reductic 
acid, dihydroxymaleic acid and hydroxy tetronic 
acid. They undergo enol-keto tautomerism, which 
causes their rate of reaction with the dye, and other 
properties, to be affected by the pH, the range 4-6 
appearing to be critical. 

3. They differ from ascorbic acid in being pro- 
duced by the action of heat on certain constituents 
(e.g. pectins, carbohydrates) in foods and also 
(except hydroxytetronic acid) in their rate of re- 
action with formaldehyde under given conditions 
[Wokes et al. 19436]. These differences in behaviour 
have formed the basis of methods of estimating 
apparent vitamin C in foodstuffs. 

4. Apparent vitamin C has been found in ger- 
minated grains, malt extract, cocoa, chocolate, 
dehydrated fruits and vegetables, beer, and in 
certain fruits and herbs such as walnuts, parsley and 
sorrel. Particularly high contents have been found 
in unripe walnuts, in concentrated preparations 
from beet and cane molasses, and in fruit juices anc^ 
dried foods stored for several years under normal 
conditions. 

The apparent vitaixiin C content of processed and 
dehydrated foods may gradually increase during 
storage under normal epnditions, and thus obscure 
loss of Wue vitamin C in storage experiments. 

We are indebted to Dr L. J. Harris and his colleagues 
for advice and criticism, to Dr II. A. Morton for spectro- 
scopic examination of various samples, to Mr H. C. Powers, 
chief chemist, Messrs Tate and Lyle’s Thames Refinery, for 
samples of molasses, to Messrs W. J. Bush and Co. for 
samples of fruit juices and syrups, and to Dr F. Bergel for 
specimens of reductic and hydroxytetronic acid. 
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The Osmotic Pressure of ‘Defatted’ Human Serum 

By G. POFJAK, Department of Pathology, and VI. F. McCARTKY, DeparPment of Physiology, 
St Thomas’s Hospital Medical School, London, S.E. 1 

{Received 1 October 1943) 


McCarthy showed '[1938] that foetal sheep serirni 
exerts a significantly higher osmotic pressure per 
gram of protein than does the maternal serum. This 
phenomenon could not be explained by the different 
albumin-globulin ratios of the two sera. Molecular 
weight determinations by McCarthy [1942] did not 
reveal any striking difference between foetal and 
maternal crystalline horse -serum albumins. As- 
suming that maternal and foetal serum albiunins in 
the sheep are also identical,, as is probable in the 
horse, w© sought another explanation for the pheno- 
menon observed in the foetal sheep serum.' Since 
the lipid content of foetal blood is considerably less 
than that of the maternal blood [data for human: 
Siemens & Stander, 1923], and since Macheboeuf 
[1929], Macheboeuf & Sandor [1931] have stated 
that the lipid constituents of serum protein exert 
a considerable influence on osmotic pressure, it 
seemed desirable to investigate further the effect of 
lipids on the osmotic pressure of the serum proteins. 
Experiments were therefor© undertaken to compare 
the osmotic pressure of serum before and after lipid 


extraction. The chief problem regarding the ex- 
traction was to find a suitable method which would 
remove the lipids without denaturing the sermn 
proteins. 

The method of McFariane [1942] seemed the most 
convenient for out purpose, the method being also 
of especial interest since it is used in preparing 
pooled sera for transfusion. The method consists of 
shaking the serum with ether and freezing the 
mixture by cooling it to below — 25'^ then thawing 
it. The ethereal layer which separates during 
thawing contains a large proportion of serum lipids, 
and by repeated extractions approximately three- 
quarters of the lipids can be removed. McFariane 
showeel by electrophoretic measurements that the 
only change that takes place in the serum proteins 
is the diminution of the ^-globulins. 

METHODS 

We extracted fresh pooled human senun by McFariane's 
method. The serum was shaken with ether, frozen and 
thawed five times. Since the method employtal hy us may 
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differ slightly in detail from that of McFarlane, a summary 
of our procedure is desirable. The serum was frozen by 
surrounding the container with solid carbon dioxide 
(‘Dricold’, Imperial Chemical Industries Ltd.) and leaving 
it for several hours or overnight. The frozen serum was 
thawed at room temperature by inverting the vessel and 
letting the thawed liquid drip into another container. It 
was noticed that as the thawed serum collected, several 
layers separated out: usually the bottom part was crystal 
clear and the rest increasingly milky towards the top. 
After., the yellow ethereal layer had been siphoned off and 
the extracted serum stirred up, the serum lost its opacity 
and became crystal clear throughout after each extraction, 
so that there was no need to centrifuge or filter it. While 
the frozen serum was thawing, a thick, creamy, yellowish 
material gradually separated on the surface of the ice. This 
remained in the first vessel; it had a low solubility in water 
and was not further analyzed. This material may be iden- 
tical with the gelatmous deposit of low solubility in water, 
which McFarlane found to separate, after freezing and 
thawing the serum, subsequently to the last ether extrac- 
tion, and wLich had to be filtered or centrifuged off to 
clear the serum. After the last ether extract had been 
siphoned off, the ether remaining dissolved in the serum 
was removed by passing nitrogen gas through the serum 
for approximately 1 hr. at 0°. After this, samples of the 
extracted serum and of the untreated serum, the latter 
having been kept frozen up to this time, were placed in 
collodion membranes and dialyzed for 48 hr. at 0° against 
M/15 phosphate buffer (M/b NaaHPO^. I2H2O -f M/30 
KH2PO4) of pH 6-8. Ten osmometers were set up at 0° 
with various dilutions of each sample of serum according 
to the method of Adair [1925], with the same buffer for 
the outer fluid as in dialysis. The protein concentration of 
the serum in each osmometer was measured by a micro- 
Kjeldahl determination. Albumin N was detei’mined on 
three of the more concentrated sera after precipitation of 
the globulins by saturation with MgSO.!, 

In calculation of protein concentration from N content, 
since the N contents of human-serum albumin and globulin 
are not known, the figures for horse-serum albumin 
(15*6% N) and horse-serum globulin (15-13% N) [Adair 
& Robinson, 1930 a.] were used. No allowance has been 
made for the presence of phospholipid N in the normal 
serum, nor for the loss of this after the extraction, since 
the corrections tluit might have been introduced are in- 
significant in comparison with the probable error in the 
determinations of total N. The serum w^as analyzed for its 
lipid (content before and after the extraction. The distri- 
bution of lipids in the ether extract, and the N content of 
the latter, were also determined. Total fatty acids, fatty 
acids derived from neutral fats and cholesteryl esters, and 
total phospholipirLs were all determined by the methods 
of Bloor [1928, 1929]. Total free and ester cholesterol were 
estimated hv the digitonin method as described by Popjak 
[1943], 

: ' ' results , 

Table 1 shcnvs the lipid content of the serum before 
and after extraction. It can be' seen that practically 
all of the cholesterol, approximately two-thirds of 
the pliosplioiipids and two-thirds of the neuti'al fats 
ha\'e been j'emoved by the extraction. Table 2 shows 
the observed percentage distribution of lipids in the 


Table 1. Lipid content of serum before 
and after extraction 

Before After 

extraction extraction 

(mg./lOO ml.) (mg./lOO ml.) 


Cholesterol: Free 44 

Ester , 148 — 

Total 192 Traces 

Total fatty acids 390 101 

Fatty acids* 280 61 

Neutral fatsf 183 64 

Total phospholipids 171 61 

Total lipids 652 125 


* Fatty acids derived from neutral fats and cholesteryl 
esters. 

t Neutral fats = (fatty acids -ester cholesterol x 0*72) 

xl-05. 


Table 2. Observed and theoretical percentage 
distribution of lipids in ether extract of serum 



Lipid content of 


ether extract 


1 

Observed 

Theoretical 


(%) 

(%) 

Phospholipid 

3*20 

20*90 

Neutral fat 

4-20 

22*60 

Cholesterol: Free 

2-00 

8*35 

Ester 

56*00 

28*05 

Fatty acids of cholesteryl esters 

36*00 

20*10 

Total 

101*40 

100*00 


dry ether extract, together with the theoretical 
distribution calculated from the results of lipid 
analyses of the sera, assuming t^at all the lipids 
removed by the extraction were to be recovered in 
the ether extract. It is evident that the observed 
and theoretical lipid distributions differ consider- 
ably; the results appear to indicate that a large 
proportion of the phospholipids, neutral fats, and 
also of free cholesterol was lost with the material 
which separated on the surface of the ice during 
each thawing. 

The N content of the ether extract was fomid to 
be 0*28 mg./ 100 mg. of dry extract; about 22% of 
this small amount of NT is accounted for. by the 
phospholipids. If the remaining fraction of N is 
protein -IN, the amount of protein in the extract 
must have been negligibly small. 

Total N determinations on the dialyzed normal 
and ‘defatted’ sera showed a discrepancy in total 
protein concentration of a magnitude difficult to 
reconcile with any observed volume changes due to 
dilution in the dialysis. The total protein concen- 
tration of, the dialyzed normal serum was 6-82% 
and that of the dialyzed ‘defatted’ serum 5*49% 
(cf. Table 3, osmometers 1 and 11 respectively). It 
seems probable that N determination and lipid 
analysis on the material which separated out on the 
surface of the ice during thawing would have ex- 
plained the discrepancies. 
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Til© percentage aibiiiiiiii and globulin contents of 
til© dialyzed normal serum were 56*76 and 43*24% 
respectively; and those of the dialyzed extracted 
serum 61*64 and 38*36% respectively, indicating a 
diminution of globulin content. It is of interest to 
not© that a loss of ‘jS -globulin following the ether 
extraction of the serum was reported by McFarlane 
on the basis of electrophoretic analysis, although no 
quantitative data are available in his paper. 



Table 3.' Data for osmotic pressures of 
normal, amd defatted^ sera 


Osmo- 

Osmotic 

Protein 

concentration 


meter 

pressure 

(g./lOO ml. 


no. 

(mm. Hg at 0°) 

solution) 

I/tt 

1 

(a) Normal serum 

21-39 ' 6-82 

0-319 

2 

16*77 

5*69 

0-339 

3 

15*05 

6-28 

0-351 

4 

13*97 

5*01 

0-359 

5 

10*22 

3*99 

0-391 

6 

6*77 

2-82 

■ 0-417 

7 

5-30 

' 2*28 

0-431 

8 

3*64 

1*57 

0-431 

9 

2-48 

1*11 

,0-448 

10 

1*44 

0-68 

0-472 

11 

(b) ‘ Defatted ’ serum 
16-66 5-49 

0-329 

12 

14*20 

4-91 

0*340 

13 

12-11 

4*35 

0-360 

14 

10-49 

3-91 

0-373 

15 

8-50 

3-28 

0-386 

16 

5*86 

2*41 

0-411 

17 

3*63 

1-51 

0-417 

18 

3*47 

1*45 

' 0-418 

19 

1*95 

0-82 

0-420 

20 

1*39 

0-62 

0-448 


in an infinitely dilute solution, and then comparing 
the observed and theoretical values of ttq. In the 


© Normal serum 
A ‘ Defatted’serum 


0 12 3 4 3 6 7 

Protein concentration (g. /100 ml. of solution) 

Fig. 1. Relationship between protein concentration and 
osmotic pressure of normal and of ‘defatted’ serum. 
The data for the two curves have been calculated from 
the equation of p=7TqC j {I- Kfi) [cf. Adair 

Robinson, 1930 &]. (normal serum) = 0-0509; Kf (de- 

fatted serum) = 0*0547. The circles and triangles repre- 
stint observed values. 

Fig. 1 illustrates the osmotic pressures, in mm. 
of Hg at 0°, of the normal and of the extracted sera ; 
the detailed data are presented in Table 3. It would 
appear that the ‘defatted’ serum exerts slightly 
higher osmotic pressui*es for the same protein con- 
centrations than the normal serum. The difference 
in higher concentrations amormts to 0*5-0*6 mm. of 
Hg, in lower concentrations to 0*2-0* 3 mm. of Hg. 
Evidence on the question whether this difference is 
due to the removal of lipids, or to the higher per- 
centage of albumin in the extracted serum, can be 
obtained by finding the value of tt-q for both sera, 
i.e. the limiting value of tt, i.e. the ratio 
p (osmotic pressure) 

(7 (protein concentration) 



0 1 2 3 4 5 6 7 

Protein concentration (g,/100 ml. of solutioii) 

Fig. 2. Relationship between protein concentration and 

■l/7r(=a/p). 

comparison of osmotic pressures, it should be noted 
that the unequal distribution of ions may affect 
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results for the more concentrated solutions. This 
complication is eliminated by calculation of the 
value of ttq for infinite dilution [ildair & Robinson, 
19306]. In Fig. 2 observed values of I/tt are plotted 
against protein concentration. The straight lines 
have been drawn visually as the best fit for values 
of I/tt relating to protein concentrations above 
2 g./ 100 ml. of solution, and the values of I/^tq 
determined by extrapolation of these lines to the 
ordinate. The points relating to lower protein con- 
centrations are neglected, as the unavoidable ex- 
perimental errors at these concentrations produce 
significant deviations in the value of I/tt. The values 
of I/ttq for the normal and extracted sera thus 
determined by extrapolation are 0-4835 and 0-4720 
respectively [cf. Adair & Robinson, 19306], and 
hence ttq for the normal serum is 2-07, and for the 
extracted serum 2-12. Adair & Robinson [19306] 
showed that for an infinitely dilute solution of 
serum the osmotic pressure can be expressed by 
the formula 

p = RT [10OJ/M,-|-RT [10a,]/lf„ 

where C„ and C,, denote the concentrations (g./ 
100 ml. of solution) of albumin and globulin, and 
Ma and the molecular weights of albumin and 
globulin. In calculating the theoretical ttq, it is 
assumed that 111^^= 72,000 and M^=: 170,000, values 
knomi for horse-serum albumin and globulin 
[Adair & Robinson, 19306]. Then the value of 
theoretical is calculated the formula 

dTo = 2-36A"«+l-00(l~X«), 

where X.^ = g. of albumin/g. of total protein. For 
the normal serum = 0*568 and for the extracted 
serum Xa, = 0-616. Therefore the theoretical values 
of ttq for the normal and extracted sera are 1*77 
and 1*84 respectively. Thus there is an increase in 
the value of the tlieoretical ttq of the same order as 
in the observed va^lues, which is attributable to. the 


increased percentage of albumin in the extracted 
serum. The difference between the values of deter- 
mined and theoretical ttq for human serum proteins 
may be explained by the fact that constants for 
horse -sermn proteins were used in the computation 
of theoretical ttq . 

Therefore we conclude from our experiment 

(а) that McFarlane’s method for extracting lipids 
from sera removes also a part of the globulin com- 
plex without altering the colloid osmotic pressure 
properties of the remaining serum proteins, and 

(б) that the lipids extracted by the method do not 
influence the osmotic pressure of the serum proteins. 
The higher osmotic pressure effect of foetal serum 
remains still miexplained. 

SUMMARY 

1. Fresh pooled human serum was ‘defatted’ by 
McFarlane’s method. 

2. Lipid analysis of serum before and after ex- 
traction showed that practically all of the chole- 
sterol, approximately two -thirds of the phospho- 
lipids, and two-thirds of the neutral fats, were 
removed by the extraction. 

3. The extracted serum exerts slightly higher 
osmotic pressure per g. of protein than the normal 
serum. This difference, however, can be explained 
by the increased albumin-globulin ratio in the 
extracted serum. 

4. The serum lipids, which can be removed by 
McFarlane’s method, do not influence the osmotic 
pressure of the serum proteins. 

. . "*V, 
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of us (E. F. M.) wishes to express his indebtedness to 
Prof. W. G. Barnard for hospitality and facilities in his 
department. 
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Recent work has suggested that the blood ascorbic 
acid concentration may provide a satisfactory index 
of the nutritional level of vitamin C. The concen- 
tration in whole blood is preferable for this purpose 
to the plasma concentration, which shows greater 
fluctuation ; but the chief disadvantage of the blood 
ascorbic acid concentration as a nutritional index 
is the technical difficulty of estimating it accurately. 
The normal values obtained by different sets of 
workers show wide variation, and there is con- 
siderable doubt as to how much of the reducing 
substances estimated by these methods represents 
true ascorbic acid. For this reason Butler & Cush- 
man [1940] suggest the use of the term ‘apparent 
ascorbic acid’ for the blood estimates, since they 
conclude that ‘ satisfactory criteria for the validity 
of whole blood analyses are lacking’. 

In the present investigation the simple indo- 
phenol titration method of Deeny, Murdock & 
Rogan [1942] was chosen for special study. Pre- 
liminary experiments showed that a significant 
quantity of non-ascorbic acid reducing substance 
could be removed by treating the blood filtrates 
with lead acetate and so obtaining a precipitate of 
lead phosphate. This procedure removes certain 
SH derivatives, but not ascorbic acid [Richter & 
Croft, 1943]. Blood ascorbic acid figures obtained 
by this lead precipitation method were then com- 
pared with figures obtained on the same samples by 
the ascorbic oxidase method. Good agreement be- 
tween estimates obtained by these two distinct 
methods is considered to be satisfactory evidence of 
the validity of the blood ascorbic acid determina- 
tion. 

The lead precipitation method described is very 
simple, and as it requires no special apparatus it 
appears very suitable for use in clinical investiga- 
tion. 

METHODS 

Venous blood containing sodium oxalate (0*30 g./ 
100 mi.) or sodium citrate (0*05 ml. saturated solu- 
tion to 5 ml. blood) was used. Special care was 
taken to avoid haemolysis. 

Lead precipitation procedure. The oxalated blood 
(4 ml.) was put in a 15 ml. centrifuge tube con- 
taining 0-05 ml, Asec.-octanol, and coal gas was 
bubbled through. Distilled water (4 ml.) was added 


and the gassing continued for 10 min. 2 mi. of 
freshly prepared 32 % HPOg were added, followed 
after mixing by 1 ml. 25 % Pb(Ac) 2 . SHgO and 2 ml. 
saturated sodium acetate solution. After thorough 
mixing, the suspension was centrifuged. Any 
cloudiness in the supernatant fluid indicated that 
the HPOg solution was not sufficiently fresh. 2 ml. 
portions of the supernatant solution were taken for 
titration. 

The dye solution (2 mg. 2:6-dichlorophenolindo- 
phenol in 100 ml. warm water) was standardized by 
titration against a freshly made solution containing 
2 mg. ascorbic acid in 400 ml. 2% HPOg. On one 
occasion it was fomid that erroneous results were 
due to a rapid fading of the dye solution (30% in 
24 hr.). This was traced to an impurity in the 
particular specimen of dye. Other specimens sup- 
plied by the same firm gave satisfactorily stable 
solutions, but the stability of the dye solutions 
should be checked before use. 

The dye solution was added from a 2 ml. micro - 
burette to 2-0 ml. ascorbic acid solution in a small 
conical vessel made from the end of a conical 
centrifuge tube. The solution was stirred with a 
glass rod after each addition and the titration was 
continued until a faint pink coloiu persisted for 
10 sec. and matched a solution made by adding 
0*05 ml. of dye to 1 ml. of 1 % HPOg in a similar 
conical vessel : the amoxmt of dj^'e solution added in 
the blank was subtracted from the final burette 
reading. As the pink colour at the end-point ivas 
very faint, it was essential that the titration should 
be done against a white background and in a good 
light. After some practice, duplicate estimations 
showed good agreement. 

In calculation of the result a small correction was 
applied for the ascorbic acid contained in the pro- 
tein preci|)itate obtained in deproteinization. The 
precipitate was found to contain 65 % of water, by 
drying to constant weight. With the volumes of 
blood and reagents given the total volume was 
13 ml., of which about 2-2 mi. w^ere occupied by the 
moist precipitate. The effective volume of the 
aqueous solution was therefore taken as 12-2 ml. 
The ascorbic acid concentration in whole blood 
(mg./ 100 ml.) was obtained by multipl;\'ing the rng. 
ascorbic acid found in 2 ml. of the supernatant 
solution by the factor J (12*2) x J (100) = 152*5. 
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RESULTS 


Removal of non-ascorhic acid reducing substances 
with lead acetate. Ascorbic acid estimations were 
carried out on a series of blood specimens by the 
method of jyeeiij et al. [1942]. It was then foimd 
that when the blood filtrates obtained after depro- 
teinization with HPO 3 and sodium acetate were 
treated with 1 ml. 25 % lead acetate solution, and 
the lead phosphate precipitate was removed by 
centrifuging, titration with the indophenol dye 
generally gave a significantly lower result, owung to 
the removal of non-ascorbic acid reducing sub- 
stances (Table 1 ). Allowance lias been made for 
the dilution by the lead acetate solution. 

Table 1 . Ascorbic ac id content of f resh 
and. of stored blood 


Time of 
storage 


Total dye 
reducing 
substance, 
estj mated as 


ISFoii-ascorbic 
‘True ascorbic acid 
acid’ by lead reducing 


. (days) 

{mil. 1 (K) mi.) (mg./lOO ml.) 

( 1 ) Oxalated blood 

{%) 

0 

0*78 

0*70 

11 

0 

0*60 0*54 

( 2 ) Citrated blood 

11 

0 

0*58 

0*54 

7 

2 

0*57 

0*43 

33 

6 

0*63 

0*57 

10 

6 

0*46 

0*38 

21 

6 

0-46 

0*38 

21 

6 

0*25 

0*23 

9 

6 

0-67 

0*50 

34 


The stored specimens 

were kept at 3‘ 


Estimation by ascorbic a 

wkl oxidase. 

That 


lower ascorbic ardd fiigures obtained after lead 
acetate treatment w-ere due to the removal of non- 
ascoi'bic acid j'etiueing substances was confirmed by 
estimating the as('orbie add by an independent 
method. Tiie ascorbic oxidase was used for the 
quantitative oxidation of tlie ascorbic acid. The 
oxidase was pinpared from eauliliower and the 
experiniental proiHxlure was that of Richter & Croft 
[1043]. Tfie iLse of this method ivas made difficult 
by the relatively low CMincentration of ascorbic acid 
in the blood filtrates and f<ir this reason tlie method 
cannot i)e recommended fi>r blood; but with great 
care satisfactory agreement of duplicates was ob- 
tained. Eacdj figures gi\'en in Table 2 represents the 
means of two separate estimations, i.e. of six burette 
readings. 

It was clear that the figures obtained by the 
ascorbic oxidase method agreed very much more 
closely with those obtained by the lead precipitation 
method proeeilure (correlation coefficient 1*00) than 


Table 2 . Estimation of ascorbic acid in blood by' 
(a) ascorbic acid oxidase and by {b),lead methods 

‘True ascorbic acid’ 


Total reducing 

r — ■ 


substance as 

(a) By oxidase 

( 6 ) By lead 

ascorbic acid 

method 

method 

(mg./lOO ml.) 

(mg./lOO ml.) 

(1) Oxalated blood 

(mg./lOO ml.) 

0*50 

0*37 

0*80 

0*36 

0*31 

0*30 

0*22 

0*21 

0*21 

0*62 

0*56 

( 2 ) Citrated blood 

0-56' 

0*51 

0*42 

0*44 

0*31 

0*27 

0*26 

0*40 

0*30 

0*32 


The correlation coefficient between the total reducing 
substance and the figures obtained by the ascorbic oxidase 
method was 0-96 : between figures by the lead precipitation 
method and the ascorbic oxidase method, 1*00. The blood 
specimens were used within 3 hr. of collection. # 

with the figures for the total reducing substance 
given by the method of Deeny et al. [1942] (correla- 
tion coefficient 0-96). The closeness of the agreement 
gave evidence of the reliability of the lead precipi- 
tation method. 

Subsequent work showed that it was unnecessary 
to carry out the two precipitations separately and 
to precipitate with lead acetate after a prelimina<ry 
deproteiiiization : identical figures were obtained 
when these two stages were combined as described 
under ‘Methods’. 


The stability of ascorbic acid in citrated 
whole blood 

Heinemann [1938] and Kassan & Roe [1940] re- 
ported that the level of ascorbic acid in whole blood 
remained constant for 16-24 hr. at room tempera- 
ture and for 62 hr. at 0°. As it was desired to 
analyze specimens sent by rail and by post, this 
point was further investigated. Estimations were 
made on specimens of citrated and oxalated blood 
immediately after collection and after storage for 
24 and 48 hr. at various temperatures, with or 
without occasional shaking (Table 3). 

There was no significant loss of ascorbic acid 
under these conditions for 24 hr., and even in 48 hr. 
the maximum loss observed in 10 specimens was 
only 22 % . The range of blood ascorbic acid con- 
centrations is wide — from about T5 mg./ 100 ml. 
in the fully saturated individual to below 0*15 mg./ 
100 nil. in a person with scurvy. In clinical work 
only the approximate level is usually required in 
order to demonstrate or to exclude the existence of 
gross deficiency. A loss of even 22% would not 
render the result entirely useless for this purpose. 
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Table 3. Stability of ascoMc acid in citrated 
and oxalated whole blood 

Percentage of initial 

ascorbic acid Initial 


Anti- coagulant 


remaining 

after 

ascorbic 


(hr. 

of storage) 

content 

^Tnof / 

Temp 

0 

24 

48 

u^a*/ 
100 ml.) 

n 

100 

100 

— 

0-30 

16 

100 

96 

— 

0-27 

16 

100 

98 

91 

0-55 

14 

100 

100 

84 

0-48 

14 

100 

100 

80 

0*27 

21 

100 

— 

100 

0-19 

20 

100 

— 

90 

0*15 

20 

100 

— 

78 

0-30 

20 

100 

— 

84 

0*26 

20 

100 

97 

91 

0*32 

19 

100 

97 

85 ' 

0*34 

20 

100 

100 

89 

0*30 

20 


3-8% citrate 


Oxalate 


Blood preserved witli saturated citrate contained 0-05 ml. 
saturated sodium citrate solution to 5 ml. blood; with 
3*8% citrate, 2*5 ml. 3*8 % sodium citrate solution to 
10 mi. blood; with oxalate, 0*03 g. sodium oxalate to 10 ml. 
blood. 

BISCUSSION 

In attempts to assess the nutritional level of vita- 
min C in a subject, either the saturation test 
1942] or the blood ascorbic acid concentra- 
tion can. give useful information. The saturation 
test is siinple to carry out, but its usefulness is 
limited in that it requires the accurate collection of 
urine, dosage with ascorbic acid and repeated esti- 
mations for a period of several days. The blood 
ascorbic acid concentration, on the other hand, is 
so constant that a single estimation is usually 
adequate, and it has the great advantage that the 
estimation need not be carried out immediately 
after collection of tire blood specimens. Ascorbic 
acid is stabilized by the reducing systems present 
in citrated or oxalated whole blood, so that there is 
no significant loss on storage for 24 hr. at ordinary 
temperature. Estimations can thus be carried out 
satisfactorily even on specimens sent by post. The 
chief disadvantage of the blood concentration as a 
nutritional index is the difficulty of estimating it 
accurately. There is, however, no standard accepted 
method for the estimation of blood ascorbic acid, 
and some of the methods in current use are subject 
to serious criticism [Butler & Cushman, 19*40]. 
Several photoelectric absorptiometric and other 


methods have been described which have given 
good results in the hands of experienced research 
workers, but they are too difficult for routine use 
by the average clinical laboratory teclinician and 
we must agree with Bessey [1938] that their accu- 
racy has generally been overrated. 

It is evident from the present investigation that 
the blood ascorbic acid figures obtained by methods 
such as that of Beehy et al. [1942] are too high, 
owing to the inclusion of a variable amount of 
extraneous reducing substances. The lead precipi- 
tation method described corrects this source of 
error and gives somewhat lower figures. In order 
to obtain the greatest possible acciuacy a relatively 
large volume of blood (4 ml.) w^as used and the 
volume of the other additions was kept small. After 
some practice in recognition of the end-point of the 
titration, duplicate estimations showed very close 
agreement, and the reliability of the method was 
confirmed by comparison with the ascorbic oxidase 
method for estimating ‘true ascorbic acid’. 

The method has been applied satisfactorily to 
. estimation of the blood ascorbic acid in factory 
workers in the Birmingham area: the blood speci- 
mens were sent by rail and titrated within 24 lir. at 
Mill Hill. The blood ascorbic acid concentration of 
350 normal individuals varied from 0*15 to 0*85 mg./ 
100 ml., with a mean level of 0-25 during the months 
of May, June and July 1943. Fruit and vegetables 
were scarce in the Birmingham area during this 
period. 

SUMMARY 

1. Figures obtained for the blood ascorbic acid 
concentration by certain current methods are too 
high owing to the inclusion of a variable amount of 
extraneous reducing substance. 

2. A simple lead precipitation method is de- 
scribed which eliminates this source of error. 

3. The validity of the estimates by the lead pre- 
cipitation method was demonstrated by comparison 
with the ascorbic oxidase method for ‘ true ascorbic 
acid ’. 

4. There is no significant loss of ascorbic acid in 
specimens of citrated whole blood kept for 24 hr. 
at 20°. 

The authors thank I)r Russell Fraser and Br Maxwell 
Jones for collecting most of the blood samples, Br Maclay 
for his interest and the Rockefeller Foundation for sup- 
porting this investigation. 
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Inositol occurs in animal tissues in both free and 
combined forms. The occurrence of water-soluble 
combined inositol was first suggested by Rosen- 
berger [1908 a, 6, 1910]. Comparing the inositol 
contents of fresh rabbit muscle and commercial beef 
muscle, he came to the conclusion that animal 
tissues contain ‘inositogen’. This may be identical 
with the 'tyrophenosif of T3anileffski [1884], who 
reported, without giving data, a considerable in- 
crease in the inositol content of mice after 6 days’ 
autoiysis at 37"^ in the presence of CHClg, Needham 
[1923] found that the skeletal muscle of a freshly 
killed rabbit contained only one-half the amoimt of 
inositol found in that of a rabbit killed 2 days 
previous to the estimation. An increase in the free 
inositol content of the skeletal muscle of rats oc- 
curred after autolysis of the tissues [Needham, 
1924]. Winter [1934], working on cardiac muscle of 
dogs, postulated the occurrence of three forms of 
inositol in animal tissues : ‘ free ’ inositol, determined 
after | hr. boiling wi’th 10% KOH; ‘combined’ 
inositol, determined after 5 hr. boiling with 10% 
KOH, and ‘newly formed’ inositol, liberated after 
incubation at 37° in nitrogen. The cardiac muscle 
of the sheep, ox and pig contained no ‘combined’ 
inositol [Winter, 1940]. It is doubtful, however, 
whether much significance can be attached to any 
of ^Tinter’s results, owing to the unreliability of the 
chemical methods he employed. Woolley [1941a] 
obtained inositol after acid or alkaline hydrolysis of 
an ethanol-insoluble, HgO-soluble, non-dialyzable 
substance isolated from liver. This was considered 
to be proba.bi\' a phosphoric acid ester of inositol. 
Rapoporr [1940] found that in bird and turtle 
erythrocytes a large i^roportion of the organic acid- 
sofu}>le r is preseiit in the form of phytic acid. 
Besides being present in animal tissues in water- 
soluble combined forms, inositol also occurs in brain 
and spinal cord bound in a phosphatide fraction. 
Folch ck Woolley [1942] isolated inositol from an 
acid ]i\'(lroIysate of brain cephalin, and found that 
it constituted up to 10% of this phosphatide frac- 
tion an<l amounted to as much as 0*4% of the 
wxdgiit of the brain. 

It is evident that further work is required to 
elucidate the nature of the water-soluble combined 
forms t.)f inositol in the animal body and the 
methotls of bretikdown and significance of both 
water-soluble and water-insoluble combined forms. 


Recent developments have, in fact, followed on the 
application of a microbiological technique [Williams, 
Stout, Mitchell & McMahan, 1941 ; Woolley, 1942]. 
The chemical methods at present available for the 
estimation of inositol in biological material [see 
Needham, 1923, 1926; Winter, 1934, 1940; Young, 
1934a, 6; and Gregory, 1935] are, however, tedious, 
lengthy and involve the use of relatively large 
amomits of tissues. The method to be described is 
much quicker than previous ones and possesses 
several other advantages, including improvements 
in the extraction of inositol from tissues, the re- 
moval of interfering substances by ion exchange 
materials and the estimation of inositol, without 
isolation, by oxidation with periodic acid, 

METHODS 

Principle of the method of estimation 

Dried tissue is extracted with water and the frac- 
tions insoluble in 70 % acetone and soluble in ether 
both removed from the aqueous extract. Glucose 
is then removed by yeast fermentation and both 
acidic and basic substances present in the extract 
removed by adsorption on a mixture of ion exchange 
adsorbents. The free inositol present in the extract 
is then quantitatively oxidized with HIO4, the 
excess HIO4 t)eing estimated iodometrically. Suit- 
able corrections are applied for any HIO4 used in 
oxidizing the glycerol which may be present in the 
extract at this stage. 

Water-soluble combined inositol is determined 
after acid hydrolysis of the aqueous extract. 

Experimental 

Preparation of tissue for extraction. As soon as possible 
after death, the tissue is removed from the animal, sectioned 
on a freezing microtome and the sections dried in thin 
layers in Petri dishes m vacuo in the cold room over silica 
gel. Drying is completed in an oven at 11G°, after which 
the material is powdered and kept in the cold until analyzed. 
The water content of another portion of the same tissue is 
determined by drying to constant weight at 110®. 

Extraction of inositol. An amount of dried powdered 
tissue containing approximately 0*5-l'0 mg. inositol (i.e, 
l*0~2-0g. dry skeletal muscle powder) is brought to the 
hod with 50 ml. distilled water, filtered under reduced 
pressure through a small plug of cotton-wool in a funnel, 
and the vessel and filter washed with two portions of 5 ml. 
of distilled water. This pi’ocess is repeated twice, the three 
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extracts pooled and evaporated to about 50 ml., and acetone 
added to give a final concentration of 70% . The precipitate 
is filtered off and the acetone removed from the filtrate by 
distillation. The extract is evaporated down to about 25 ml. 
and extracted with ether. The ether extract is washed once 
with about 20 ml. distilled water, and the washings added 
to the aqueous residue, which is then concentrated to 
approximately 30 ml. If it is desired to estimate the ‘com- 
bined’ water-soluble inositol as well as the ‘free’ inositol 
the aqueous extract can be divided into two portions and 
one hydrolyzed as described below. 

Removal of glucose. The only satisfactory method for the 
removal of glucose was found to be yeast fermentation, as 
used by Young [1934a]. Since some products of glucose 
fermentation have to be removed on the ion exchange 
adsorbents, the fermentation stage was carried out before 
the adsoiption. 

A washed yeast suspension is prepared by shaking one 
part by w^eight of pressed baker’s yeast wdth five parts of 
distilled w^ater, and centrifuging; this process is repeated 
four times and the suspension of washed yeast then made 
up to the original volume wdth distilled water. The sus- 
pension is prepared fresh each day and its potency tested 
by incubating 2 ml. with 25 ml. glucose solution (containing 
6 mg. glucose) for 10 min. at 37^ and estimating the re- 
ducing power of the supernatant fluid, obtained by centri- 
fuging, by Hagedorn & Jensen’s ferricyanide method, a 
blank being set up at the same time with yeast suspension 
water only. 

The tissue extract is incubated at 37° with 2 ml. of the 
suspension for 10 min. and then centrifuged. The 
liquid is siphoned into» a boiling tube and the 
yeast washed twice by centrifuging with 10 ml. portions 
of distilled water, the washing being kept separate from 
main supernatant flui<| for the subsequent adsorption. 

Preparation of ion exchange materials and the removal of 
interfering substances from, tissue extracts. After treatment 
with yeast, the extract is purified by the use of ion exchange 
materials, with a carbonaceous zeolite for cation exchanges 
and ‘M.P.D. Resin’ as an acid adsorbent. Both these are 
obtainable fiom Permutit Company, Limited. A brief 
account of the use of these substances for the purification 
of muscle extracts has been published [Platt & Clock, 1942]. 
The removal of creatine and ci'eatinine from muscle extracts 
by this method proved to be much more efficient than by 
the precipitation technique of West & Petersen [1932] with 
HgS04 and BaCOs, which was employed by Young [19346]. 
Treatment of the extract with a mixture of regenerated, 
washed and dried carbonaceous zeolite and ‘M.P.D. Resin’ 
is more efficient than successive treatments with the two 
materials separately. With this technique, however, the 
adsorbing materials cannot be regenerated. 

250 g. or more pf the carbonaceous zeolite are shaken 
gently at intervals for a period of 1 hr. with 2 vols. of 
2N HCi, filtered on a Buchner funnel and washed on the 
funnel with a total volume of approximately 5 1. of distilled 
water. The final washings should be neutral to litmus. This 
regenerated, w'ashed cation exchange material is dried at 
100° and sieved so that the particles are of 20/40 mesh 
sieve size. The ‘M.P.D. Resin’ is treated in a similar way, 
but with 2M NH4OH instead of HCI. At least 1 1. of hot 
distilled water should be used to wash this reagent, in order 
to remove excess w-phenylene diamine which is liable to 
be present and which, if not removed completely, gives a 
blank reading with HIO4 . These two regenerated, washed, 


dried and sieved materials are mixed in equal parts by 
weight; this preparation will be called the ‘adsorbent’. 

■ 15 g. of adsorbent are introduced into a tube approxi- 
mately 20 in. by narrowed at the bottom to ap- 

proximately -/V in., and fitted with a small piece of rubber 
tubing carrying a glass tip and provided wdth a screw’’ clip. 
The material is kept in position in the tube with a loosely 
packed plug of glass-wool. Before being treated wdth the 
tissue extract, the adsorbent is washed with a total volume 
of approximately 100 ml. of distilled water. The final 
washings must give no blank wffien allowed to react wdth 
5 ml. 0-01 M HIO4 for 10 min. at room temperature. To 
prevent the formation of air bubbles in the column, wdiich 
would impede the passage of liquid, the tube should contain 
distilled water into which the adsorbent is poured, the 
level of the liquid being kept above the top of the ad- 
sorbent. After the adsorbent has been washed sufficiently, 
the supernatant liquid from the yeast treatment is poured 
into the tube and allowed to drip through the column at a 
rate such that the whole of the liquid passes through in 
approximately 90 min. When the liquid has passed through 
completely, the first 10 ml. portion of the yeast washings 
is poured into the tube, and the rate of flow adjusted so 
that this liquid passes through in approximatelj’ 15 min. 
The tube containing the column of adsorbent is sucked dry 
on a filter pump, and then a second 10 ml. portion of yeast 
washings is allowed to drip through the column, winch is 
then sucked dry. The column is washed with the help of 
suction- with 15 successive 5 ml. portions of distilled water. 
This amount of w^ashing is found to be necessary and 
sufficient to obtain quantitative recovery of 1 mg. of added 
inositol. 

The assumption has been made that the onty HIO4- 
reacting substances which are not removed from yeast- 
fermented muscle extracts by the adsorbent mixture are 
inositol and glycerol. 

Oxidation with HIO4. At the suggestion of Prof. H. 
Raistrick, we investigated the possibility of estimating 
inositol by oxidation with HIO4. Malaprade [1928 a, 6, 
1934] found that polyhydroxy alcohols w’ere oxidized quan- 
titatively by HIO4 at room temperature. Pleury & Joly 
[1937 a, 6] used periodate for the estimation of inositol 
both in pure solution and in the presence of glucose, but 
under the conditions used by them the oxidation, wffien 
allowed to go to completion, used up much more periodate 
than was to be expected from the equation 

C6H6(0H)6 -i- 6HIO4 = 6HIO3 + 6H . COOH, 

and they came to the conclusion that secondary reactions 
occurred. 

By allowing the reaction to go to completion at low 
temperatures (6-8°), we have found that the utilization of 
HIO4 is quantitative. Formic acid, determined by titrating 
to pH 5-5 with 0-01 N NaOH, with a mixture of chloro- 
phenol red and bromocresol green as indicator, has been 
produced to the extent of about 90 % of the theoretical 
amount by the time the utilization of HIO4 has reached 
the theoretical figure. Thereafter no more formic acid is 
formed. Some typical results for the reaction between 
HIO4 and inositol in varying concentrations at S and 30° 
are given in Fig. 1, 

Differential oxidation of inositol and of glpceroi by lilO 4 . 
After the removal of glucose from muscle extracts by 
fermentation with yeast, small amounts of glycerol remain. 
Some, no doubt, is extracted from the muscle and an 
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amount equivalent to approximately 4% of the glucose calculated from the HIO4 reduced under the conditions 

fermented is produced by fermentation. Attempts to re- stated above, is identical with that calculated from the 

move glycerol by making use of its slight solubility in ether, formaldehyde formed, estimated as the dimedone deri- 

its reported solubility in dry ethyl acetate, and its fermen- vative. The only other possible substances which would 

tation by Bacillus proteus, all failed. Glycerol, in con- react with HIO4 are amirio-acids. Tests for ISTH^ production 

centrations of 0'2-0-9 mg./100 ml. solution, is, however, {from jS-hydroxy amino-acids) with HIO4 in strongly 

oxidized completely and quantitatively by 2 ml. 0-01 M alkaline solution in a Conway unit were always negative, 

HIO4 at 8 in 90 min. - as also were tests for amino -N by formol titration. 

Estimation of free inositol. The effluent from the adsorp- 
tion procedure is made up to 200 ml. in a graduated flask 
and 100 ml. withdrawn. Both, portions are cooled to 8°. 
To one portion are added 10 ml. 0*01 M HIO4 (also at 8°) 
and the reaction allowed to proceed for 48 hr. To the other 
portion, 2 ml. HIO4 are added and the reaction is allowed 
to proceed at 8° for 90 min. If a temperature other than 8° 
is selected the time relationships for oxidation of both 
glycerol and inositol at this temperature must be deter- 
mined. The reaction is stopped in both cases hy adjusting 
the pH to approximately 6-5 by the addition of 5 ml. 
phosphate buffer (12 g. Na2HP04. 12HaO and 20 ml. N 
H2SO4/IOO ml.), followed by 5 ml. 5% KI solution. After 
5 min. the Ig liberated is titrated with axaproximately 
0-004N NagSgOg with 1% soluble starch in saturated HaCl 
as indicator, the end-point being stabilized by the addition 
of a few drops of saturated NaHCOg solution. 1 mg. 
inositol contained in 100 ml. distilled water is also allowed 
to react with 10 ml. 0-01 M HIO4 for 48 hr. at 8°, and the 
excess HIO4 titrated as above. 

The HIO4 reduced is obtained from the difference be - 
Tig. 1 . Reaction of inositol with periodic acid. Extent to t^veen the titration of the purified tissue extract after 
which the reaction 

C«H6(0H)6 a 6 HI 04 = 6 H.C 00 H-j- 6 HI 03 
is followed. 

I, 1 mg. iiiositol/i0nil.-i--5ml. 0*01 M HIO4 at 30°. 

II, 1 mg. mositol/lOOml -f-lOrni. O-OIM Hi04 at 8°. 

Ill, 1 mg. inositol/lOOmi. -ho ml. 0-01 M HIO4 at 8°. 


reaction with HIO4 and the blank titration obtained with 
the HIO4 alone. 

Let.r = HI04 reduced in terms of 0-004 N ]Sia2S203 in 
48 hr. at 8°, 

?/ = HI04 reduced in terms of 0'G04N NaaSgOa in 
90 min. at 8°, 



The percentage oxidation of glycerol (0*8 mg./lOO ml.) 
by 2 ml. 0-01 M HIO4 at 8° at intervals up to 100 min. is 
as follows : 

Time ill min. 20 30 40 60 70 80 90 100 
% oxidation 53-0 68-6 79-8 95-6 98-0 100 100 100 

The time for complete oxidation of glycerol depends on 
the temperature at which the reaction is carried out and 
on the conctmt ration of both glycerol and HIO4: e.g. at 6° 
1 rag. of glycerol in 10 ml. water is completely oxidized 
by 3-0 ml. 0-01 H.IO 4 in 15 min. 

Concentrations of inositol of 0-5~2-5 mg. /100 ml. react 
to the extent of i-7-2-2% with 2*0 ml. 0-01 M HIO4 at 8° 
in OO min. It was tlierefore necessary to determine {a) the 
total H r04-reaotiiig material (inositol plus glycerol) in 
100 ml. of solution treated with 10 ml. 0-01 M HIO4 
for 48 hr., ami {b) the material reacting under the same 
conditions of concentration and temperature with 2 ml. 
O-OI M .H.IO4 in 00 min. (b) includes the whole of the 
glycerol and approximattly 2% of the total inositol. Thus 
the difference betwe(m (a) and {b) multiplied by 1-02 gives 
the inositol content of the solution. 

Absence of Rl(),j^~re(luclng substances other than glycerol 
and inositol from fermented effluent. There is support for the 
assumption, that glycerol and inositol are the only HIO4- 
reacting substances left after fermentation and adsorption, 
in the fact that tlie glycerol content of the purified extracts, 


z =HI04 reduced hy 1 mg. inositol in 48 hr. at 8°. 

The approximate inositol content in mg. of half the 
extract is given by (x~y)lz which should be multiplied 
by 1-02 (see above). 

Estimation of ^combined inositoV. Tor the estimation of 
the water-soluble combined inositol, the extract is hydro- 
lyzed with acid [Woolley, 19416]. Both water-soluble frac- 
tions (i.e. ‘free’ and ‘combined’) are determined in the 
same sample of tissue, with twice as much tissue as in the 
procedime outlined above. Before fermentation, the extract 
is made to 50 ml.," and one-half is refluxed for 6 hr. with 
HCi (final eonen. 18% HCl). The HCl is removed hy dis- 
tillation uudef reduced pressure, and the contents of the 
flask are washed out with distilled water to give a total 
volume of approximately 25 ml. and then neutralized by 
the dropwise addition of N NaOH. 

Experimental diets 

Albino rats were put on an experimental diet, containing 
only small amounts of inositol, at 6 weeks of age and were 
in good condition when killed after an experimental period 
of 16i months. The diet consisted of casein (A/E, Glaxo), 
24%; sucrose, 67-5% (replaced by maize dextrin, after 
13J- months on diet, for 2 months and by rice starch for 
last month); McCollum’s salt mixture (185), 4%; wheat- 
germ oil,^ 2%; dried yeast {Torula utilis, 95% dry matter, 
coiitainiiig not more 'than 2-7 mg. inositol/g.), 2-5%, in- 
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creased to 5% after 2 months on the diet; ascorbic acid 
2' 5 mg. daily; vitamin A approximately 22*5 i.ir. daily and 
Titainin D approximately 4*5 i.u. daily (both contained in 
2 drops of liadibstoleum diluted with peanut oil). Between 
8 and 12-5 g. of this diet, mixed to a thick paste with water, 
were fed daily to each rat. 

RESULTS 

Inositol content of 7'at tissues 

Table 1 contains the mean results of analyses of the 
tissues of four rats for water-soluble inositol, free 
and total (i.e. including combined). 

Table 1. Inositol content of rat tissues 

Water-soluble inositol 
(mg. /1 00 g. tissue) 


Free 


Total 


Tissue Dry wt. Wet wt. Dry wt. Wet wt. 

{a) Rats given 5 mg, inositol/day 


Skeletal muscle 

49-3 

12-9 

81-2 

21-3 

Liver 

85’2 

24-8 

178 

52-1 

Heart 

141-3 

34-3 

186 

45*3 

Brain 

241 

55-8 

286 

67-0 

Kidney 

328 

88-0 

456 

123 

(6) Rats given no extra mositol 


Skeletal muscle 

24*0 

6-3 

76-2 

18-3 

Liver 

89-0 

25-5 

174 

50-3 

Heart 



— 



. — 

Brain 

169 

37-8 

295 

66-1 

Kidney 

316 

79-5 

426 

113 


Our values for the total water-soluble inositol 
contents of rat tissues are of the same order as those 
fomid by other workers, including those recently 


obtained by Williams et al. [1941], with a micro- 
biological method, on tissue autolysates. The pro- 
portions of free to total water-soluble inositol are 
also of the same order as those obtained by 
Woolley [1942], who also used a microbiological 
method. 

It will be seen that there is no important differ- 
ence between the values for the total water-soluble 
inositol for the rats receiving the inositol-deficient 
diet, and those with added inositol. It thus appears 
that rats are able to synthesize inositol, which 
confiims the earlier work of Needham [1924]. 
Woolley [1942] also showed that mice could syn- 
thesize inositol in the gut if the diet was not 
deficient in pantothenic acid. 

SUMMARY 

1, A chemical method is described for the esti- 
mation of inositol in animal tissues. This possesses 
advantages over earlier methods in that the time 
taken for an estimation is considerably reduced, 
the method of extraction of inositol from the tissues 
improved, the tedious precipitation procedures re- 
placed by treatment with ion exchange materials, 
and the mositol finally estimated in solution by 
reaction with HIO^ without isolation of the 
inositol. 

2. Both free and total water-soluble inositol were 
determined in the kidney, heart, liver, brain and 
skeletal muscle of control rats, and of rats receiving 
a daily supplement of 5 mg. inositol. No appre- 
ciable difference was found between the total water- 
soluble inositol contents of the tissues in the two 
groups of rats. 
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The determination of* ascorbic acid with aqueous 
j •2: 6-dichlorophenolindophenol is not entirely specific 

' for this vitamin unless special techniques for 
eliminating interfering substances are applied in 
( each case. fe02 has a particularly strong reducing 

I action on indophenol, and, when used for the pre- 

servation of fruit juices and cordials or in the 
processing of dried fruits and vegetables, should be 
, removed before the ascorbic acid content of these 
materials can be accurately determined. 

Three methods for eliminating free SOg have 
been described: (1) By boiling the extract and 
distilling off SO^ [Kirkpatrick, 1941a; Downer, 
1942]. (2) By passing a stream of Og-free 

thi'ough the extract [Mapson, 1942]. (3) By forma- 
tion of tlie non-reducing bisulphite compound of 
SOa with acetone [Mapson, 1942]. SOg in fruit 
juices sweetened with glucose or invert sugar forms 
the bisulphite compound with the hexose. In 
amounts of SOg up to 1300 parts per million 
(p.p.m.), indophenol titration is not affected unless 
the sugar concentration falls below 20% [Kirk- 
patrick, 19415]. 

The first two methods are lengthy, and only the 
third would be practicable as a routine method 
when inany samples are to be examined. In an 
attempt to find a method by which accurate results 
■ may be, obtai.ned witliout ' tlie necessity of a fixed 
rate of titration, the effect of adding HoOg, which 
rapidly eon\-erts SOg (juantitatively into non-inter- 
i fering llgSO.^, lias now been investigated. Initial 
experiments sfiowed tliat the addition of an ecpial 
volume of 3 ascorbic acid solution 

acidified with one drop of concentrated HCl had 
no appreciable effect on the \'ahie obtained by 
indophenol titration, when the dye was added from 
tlie burette. The ascorbic acid was thus unaffected 
by the 11-202, and a diminution in titration value 
was experienced only wlien Fe or Cu salts were 
added to tlie ascorbic acid, and tiie solution was 
allowed to stand for some time before titration. 

: EXPERIMENTAL 

In a detailed study of tlie effect of adding SOg and 
varying quantities of HaOo to ascorbic acid extracts 
from \'arious sources, the experiments summarized 
j in Table I were carried out. The end-point in each 
[ case was reached within I min. 


Solutions and reagents employed 

Ascorbic acid solution: 6*25 mg. dissolved in 
100 ml. distilled water. For each titration 10 ml. 
were acidified with one drop of concentrated HCL 

Orange juice solution: 20% (v/v) in distilled 
water. 

Cauliflower leaf: extract made with 2 % HPOg. 

Parsley : extract made with 2 % HPOg . 

0-05 % aqueous 2:%’dichlorop}ienolindophe7iol : 1ml. 
was equivalent to 0-25 mg. ascorbic acid. 

Hydrogen peroxide : a 3 % solution of B.P. quaiitj^ 

KHSOg solution: a 0*934% (w/v) solution in dis- 
tilled water. 1 ml. added to 10 ml. ascorbic acid 
solution produced a SOg concentration of 450 p.p.m. 

DISCUSSION 

Table 1 shows that HgOg does not appreciably 
oxidize ascorbic acid, whether the latter is contained 
in pure aqueous solution {Exp. 2), orange juice 
(Exp. 8), or HPOg extract of vegetables (Exps. 

16 and 19), even after standing for 6 min. The use% 
of .HPOg as extractant has been reported to guard 
against the danger of oxidation of ascorbic acid by 
Fe or Cu, and this probably explains w^hy cauli- 
flo’wer and parsley extracts give good values after 
H2O2 addition, in spite of traces of dissolved mineral 
salts. The addition of more Fe or Cu salt, however, 
causes slow oxidation (Exp. 21). HgOg has no effect 
on unreduced indophenol (Exp. 6). 

In all experiments the addition of KHSOg gives 
rise to very high titration values, but HgOg 
neutralizes the effect of the SOg , and the original 
titration figure is obtained. 

In all experiments in which HgOg has been added 
to ascorbic acid solutions, the end-point with indo- 
phenol is a permanent pink. This colour deepens at 
varying speeds due to reoxidation of the reduced 
and decolorized indophenol (leuco -compound) to 
the original coloured form. The rate of reformation 
of indophenol is very slow with a concentration of 
1*5“2% H202 (Exps. 10 and 11) and is more rapid 
with 0*075% H2O2 (Exp. 14). The reoxidation of 
reduced indophenol is still more rapidly catalyzed 
with added Fe and Cu salts (Exp: 21). The diminu- 
tion in the titration value with lower concentrations 
of H2O2 (e.g* 0*075%) is most probably due to 
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Table 1 . Experiments showing the effect of H^Oa on the indophenol titration of sulphited 
and unsulphited ascorbic acid extracts 


Solution 

used 

(ml.) 

Ascorbic acid 
10 
10 
10 
10 
•10 
Nil 

Orange juice 
10 
10 
10 

10 . 
10 
10 


Cauliflower leaf 
10 
10 

: 10 
Parsley . 

10 

10 

• 10 
10 




Indophenol 

titration 

End-point and remarks 
(A=pink; permanent 1 min. 

KHSO3 added 

' 3 % HaPs added 

value 

B=pink; colour deepens very 

(ml.) 

(ml.) 

(ml.) 

slowly on standing) 



2-5r 

A 


10 

245 

B 

1 


>4 

Strongly reducing 

1 

10 

245 

B 

10 (stood 6 mill.) 

2-3 

B 

— 

10 4- 10 ml. water and 

1 drop cone. HCl 

<0-05 

A 



3*9 

A' 


10 

3-9 

B ' ' 

1 


>7 

Strongly reducing 

1 

20 

3-8 

B ^ 

1 

10 

3-8 

B ' ' ■ 

1 

5 

3*8 

Pink colour deepens slightly 
more rapidly 

1 

1 

3*7 

Colour deepens more rapidly 

1 

0*5 

3*6 

Colour deepens rapidly 



1*52 

A 



10 

1*52 

B 

1 

10 

1*52 

B 



6*65 

■■ A 



10 (stood 6 min.) 

6*6 

B 

1 

10 

6*65 

B 

1 -f traces FeClg 
and CUSO4 

10 

6*1 

Pink colour deepens very 
rapidly 


reoxidation of reduced indophenol during the titra- 
tion, and reduction of the reformed indophenol by 
ascorbic acid still present. A great advantage of 
the HgOg procedure is that the pink end-point does 
not fade. 

General method for estimation of ascorbic acid 
in solutions containing sulphite 

The acidity of a measured portion of the solution 
is brought below pH 3*5 by the addition of HCl, if 
necessary, and a volume of 3 % HgOg equal to that 


of the whole is added. Indophenol is run in from 
a burette xmtil a permanent pink colour is obtained. 
The end-point should be reached within 1 min. 

SUMMARY 

L A method for the elimination, by m^ans of 
HgOg, of the interference of SOg in ascorbic acid 
titrations is described. 

2. Under the conditions used, HgOg has no appre- 
ciable effect on ascorbic acid, imless Fe- or Cu salts 
are present. • 
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Reductone, reductic acid and other compounds ascorbic acid. In- fact Kertesz [1934] suggested a 
formed in hot alkaline sugar solutions reduce 2:6- method of determining the ascorbic acid equivalent 
dichlorophenolindophenol in the same way as does of indophenol solutions by titrating tiie giiico- 
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DETERMIlSrATION OF ASCORBIC ACID 


reductone produced under standard conditions from 
glucose and NaOH. Shinohara [1938] observed that 
the reaction of ascorbic acid with iodine was slow 
when the acidity was greater than that corre- 
sponding with ]Sr/2 HCl, the end-point being de- 
scribed as indefinite. This fact has now led to a 
more detailed investigation into the effect of strong 
acid on the titration of ascorbic acid with indophenol 
or iodine. 

EXPERIMENTAL 
Titration with indophenol 

When concentrated HCl is added to ascorbic acid solutions, 
reversible oxidation becomes progressively slower as the 
HCl concentration increases. When the HCl content reaches 
20 % {2-5 parts of 36% HCl to 2 parts of solution) or more, 
the pink colour produced with one drop of indophenol 
remains visible for 2 min. On dilution of this solution with 
5 vol. of water, indophenol is again reduced to the same 
extent as in non-acidified solution. The end-point is definite 
and stable. 

Ex-p, 1. Stahility of ascorbic acid in- the presince of 20% 
HCl. A solution of ascorbic acid was prepared of indo- 
phenoi equivalent 3'95 ml./IO nil. Portions of 20 ml. wer'e 
treated with 25 ml. 36 % HCL This mixture gave no titra- 
tion. x4t different times 100 ml. water were added to. these 
20 ml. portions, and the solution was titrated, the indo- 
phenol being added from the burette. 


Time (hr.) 

0 

1 

3 

24 


Indophenol equiv. (ml.) 

3*95 

3*95 

3-95 

3-6 


The acid thus has no effect on the final titration vltlue 
after dilution, in periods up to 3 hr. 

Exp. 2. Fresh orange juice titrated loith aiid without the 
'addition of concmirated HCl: 

2 ml. orange juice = 2-3 inl..0'05 % indophenol, 

2 ml. + 3*0 ml. 36 % HCl = 0-4 ml. indophenol 

2-5 ml. 36 % HCl suffices for an initial concentration of 20% 
HCl, but an extra 0-5 mi. was added in order to compensate 
for dihition of the acid by the aqueous indophenol. The 
end-point was taken ivhen the pink colour persisted for 
20 sec. (‘20 sec. end-point’). On dilution with 25 ml. water 
the titration was continued to 2*3 ml. The ascorbic acid 
eqiiivaletit is therefore considered to be 1-9 ml indophenol, 
the residual 04 ml. being due to interfering substances,* 

Exp. 3. ’ Giiara^ lucerne and parsley. Extracts of these, 
prepared with HPO^, ga\-e no indophenol titration in the 
presence of 20% HCl. These substances thus contain no 
interfering material, and the total titration is due to 
ascorbic acid. On dilution with water the full titration 
value is obtained. 

Exp. 4. Ulucoreductone. A solution of this was prepared 
by the method, of Kertesz [1934], Of this solution 2 ml. 
were equivalent to 1-8 ml indophenol (5 sec. end-point). 
Preliminary tests showed that the mixture (2 ml. solution 
4-2*5 ml. i(j% HCi) reduced indophenol. The titration was 
carried out in the- folio \ying manner. As in Exp. 2, an 
extra 0*5 ml. HCT .was first added, and then the indophenol 
slowly, with shaking. After the addition of each. 0*4 ml. 


indophenol, an extra 0*5 mi. HCl was required. The end- 
point (persistence of pink colour for 20 sec.) was reached 
with 1*8 ml. indophenol and 2*5 ml additional acid. Thus, 
under the conditions described, glucoreductone reduces 
indophenol fully in the presence of HCl. The rate of re- 
duction of indophenol was very much retarded. 

Exp. 5. Titration of ascorbic acid in presence of reductone. 
An aqueous ascorbic acid solution was prepared, 1 ml. of 
wEich was equivalent to 0*8 ml. indophenol (constant end- 
point) : 

2 ml. glucoreductone 4- 1 ml. ascorbic acid 
= 2*6 ml. indophenor(5 sec. end-point), 

2 mi, glucoreductone -4 1 ml ascorbic acid 4- HCl 

(3*8 ml. giving mitially 20% HCl 4- 5 additional 
quantities of 0*5 ml, as in Exp. 4) 

= 1-8 ml. indophenol (20 sec. end-point). 

On dilution of the last solution with 25 mi. water, a re- 
newed titration of 0*8 ml. indophenol (constant end-poinfc) 
resulted. The titration in the presence of strong acid gives 
the glucoreductone equivalent. After dilution with water 
the extra titration gives the ascorbic acid equivalent. 

Differentiation between ascorbic acid and gluco- 
reductone. Three separate titrations are' involved: 
(1) At pH c. 3 the titre represents the two .sub- 
stances together, (2) In the presence of at least 
20% HCl, indophenol titrates only glucoreductone. 
The difference between the titrations (1) and (2) 
represents the ascorbic acid present. (3) On dilu- 
tion of the reaction mixture from (2) with water 
and continuation of the titration to the final end- 
point, the exact equivalent of ascorbic acid is 
reached. This final titration serves as a check on 
the value found above by difference. 

This technique was successfully applied to an 
examination of biscuits which had been fortified 
with concentrated orange juice. High vitamin C 
values were claimed for these biscuits, but it was 
found that on titration ordinary plain biscuit gave 
figures of 20-60 mg. apparent ascorbic acid/ 1 00 g. 
These values were obviously due to reductone -like 
substances extracted by HPO3. MTien the biscuit 
extracts were treated with HCl as described above, 
no diminution in the titration value was observed. 
Thus no ascorbic acid was present in either of the 
samples. The vitamin C from the orange juice con- 
centrate must have been destroyed in the process 
of baking. 

Titration with N/400 iodine 

The titration of ascorbic acid with iodine is also 
affected by the addition of concentrated HCL The 
addition of the mineral acid to ascorbic acid solu- ' 
tioiis at first decreases the rate of reversible oxida- 
tion. When a concentration of 29 % HCl is reached, 
iodine is no longer reduced, a higher acid concen- 
tration being required for this stage to be reached 
than in the case of indophenol. On dilution with 
water the total ascorbic acid reducing capacity is 
restored. These titrations are best carried out by 
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adding tli0 iodine to the solution in a 50 ml. 
pear-shaped separating funnel, containing 1 ml. of 
CHCI3, and then shaking after the addition of each 
drop. One drop of N/400 iodine in excess produces 
a definite pink coloration in the CHCI3 layer. 
Alternatively, the technique of McHenry & Graham 
[1935] for the titration of coloured extracts can be 
applied. At the very high acid concentration re- 
quired, the titration of giucoreductone is no longer 
accurate. Consequently, iodine is not a suitable 
reagent for distinguishing between giucoreductone 
and as corbie, acid. 

Estimation of ascorbic acid under 
various conditions 

(а) In the -presence of NagSgOa. Aqueous solu- 
tions of Na.gSgOg give the full titration value both 
with indophenol and iodine in the presence of the 
requisite amount of HCl, although the rate of re- 
duction is greatl;^ diminished. Either reagent may 
therefore be used to determine ascorbic acid in the 

ofNagSgOs. 

(б) In fermented products. A fermented brew 
known as ‘kaffir beer’ made from maize or sorghum 
malt contains a small amount of ascorbic acid [Delf, 

921]. It has been shown that titration of the brew" 
with indophenol must be carried out at pH 1-2 in 
order to obtain reliable results [Fox & Stone, 1938]. 
In the presence of excess HCl a remarkable reaction 
takes place in that the titration with indophenol is 
increased instead of decreased. With the iodine 
technique described above the true ascorbic acid 
content of the beer can be correctly determined, as 
the following experiment : 

[a) With starch as indicator, 5 ml. beer-i-1 drop HCl 
= PO ml. N'/400 iodine. 

{h) 5 ml. beer -f 20 mi. HCl (1 ml. chloroform) = 0*85 ml. 
N/400 iodine. In this case 4 drops of concentrated HCl 
were added with each drop of indophenol to maintam the 
concentration of acid. 

(c) On dilution of the last solution with water a titration 
of 1*0 ml. N/400 iodine was obtained. 

5 ml. beer thus contained ascorbic acid equi- 
valent to 0*15 ml. N/400 iodine, i.e. 0*66 mg. as- 
corbic acid/100 ml. This value agrees with that 
obtained by indophenol titration at pH 1*5. 


(c) In urine. The addition of HCl causes a dark- 
ening of urine, and the end-point of the reaction 
with indophenol becomes difficult to see. This can 
be greatly improved by preparing a comparison 
flask of urine and acid. When iodine is the reagent, 
the end-point is readily seen in the pink colour of 
the CHCI3 layer. 

At about pH 3 the combined titration of ascorbic 
acid and NagSgOg in urine gives a satisfactory end- 
point, but the titration of NagSgOg in the strongly 
acid medium is not complete. In the presence of 
this substance the values foimd for ascorbic acid 
would, therefore, be too high. 

A suggested explanation of the behaviour of 
ascorbic acid with concentrated HCl 

A solution of ascorbic acid is a tautomeric mix- 
ture of the dienol- and keto-enol forms. In a w’-eakly 
acid solution the mobility of the ionizable H atom 
permits enolization. How^ever, in the presence of 
an abimdance of H ions due to the addition of HCl, 
depression of the ionization results in the vitamin 
being converted completely into tlie keto-form. 
Both indophenol and iodine react with the enol- 
form and not at all with the keto-form. For com- 
plete titration free tautomerism from the keto- to 
the enol-form is necessary. Since no titration takes 
place with strong HCl, it is probable that only the 
keto-form is present. On dilution with 'Water, enoli- 
zation is again facilitated, and titration proceeds 
to completion. 

SUMMARY 

1. Ascorbic acid is inert to indophenol or iodine 
in presence of 20% or 29% HCl, respectively, 
but on dilution with water the usual reaction 
occurs. 

2. Indophenol is reduced in presence of 20 % 
HCl by giucoreductone and other interfering sub- 
stances. 

3. Ascorbic acid determination in the presence 
of giucoreductone by a differential titration method 
is described. 

4. It is suggested that, in presence of moderately 
concentrated HCl, ascorbic acid is in the unre- 
ducing keto-form. 
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Studies on the Synthesis of Hyoscyaniiiie in Atfopa b&lladontiu 

and Datura stramonium L. 

By B. T. CROMWELL, Departme^it of Botany, University College, Hull 
(Received 10 November 1943) 


In previous papers [Cromwell, 1933, 1937], experi- 
ments on the biosynthesis of the alkaloids berberine 
and hyoscyamine in Berberis darwinii and Atropa 
belladonna respectively led to the conclusion that 
these alkaloids are synthesized from products of 
carbohydrate and protein breakdown. 

This work has been continued with the object of 
throwing further light on the natiue of the inter- 
mediate reactions leading to the formation of 
hyosc^^amine in Atropa belladonna ^ and Datura 
stramonium,. 

METHODS 

31ateriaL Plants of AtrojM belladonna and Datura stra- 
nionnim were raised from seed and set out in plots or 
grown in pots. 

Preparation of material for estimation of total alkaloid. 
Leaves w^ere rapidly dried at a temperature of 60° in an 
oven and ground to fine powder. Samples of root in. 
in diameter were detached from the crowns in the case of 
Atropa, washed thoroughly, cut into j)ieces and dried at 
60°. Hoots of Datum were also washed, and dried at 60°. 
When comi>letely dry, the roots were ground to fine powder. 

Estimation of total alkaloids. Leaf or root powder (5-10 g.) 
was exhaustively extracted with dry ethanol in a Soxhlet 
extractor. The extract ’was transferred to an evaporating 
basin and the ethanol removed on a water- bath at 60-70°. 
The resinous residue was extracted with 50 mi. 0-5 N H2SO4 
and subsequently washed twice with 25 ml. portions of 
acid. The com billed extracts and washings were next 
shaken with 100 ml. of a mixture of 4 vol. of ether and 
1 vol. of chloroform, to remove impurities. The acid extract 
was made alkaline with dilute ammonia and the bases 
shaken out with three 100 ml. portions of the ether- 
chloroform mixture. The three extracts were combined 
and the solvent distilled olf. The residue was treated with 
two portions of 10 ml. ether which were completely re- 
moved by evaporation at 80°. Volatile bases and free 
ammonia were djfiven off by heating on the water-bath at 
100° for 15 min. The residue was dissolved in 25 ml. N/50 
H2SO4 and the excess titrated vdth N/50 ISFaOH ivith 
methyl red as indicator, and the results calculated in terms 
of hyoscyamine. (1 ml. of If/oO acid =0-005784 g. hyos- 
cyamine.) 

Kcjcovery of hyoscyamine as picrate gave proof that this 
base is chieiiy responsible for the titration values obtained. 
The theoretical amount of aqueous picric acid was added 
to the alkaloid solution after neutralization, and the 
crystals (plates) purified recrystallizing twice from 
water. The picrate obtained had m.p. 103-164°. (Found: 
N, 10*89%. Calc, for hj^oscyamine picrate, N, 10-81%.) 
Pure hyoscyamine picrate has m.p. 165°. 
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The results obtained from four plants of Atropa bella- 
donna are given in the following table : 

Titra- 



Titra- 

tion 





tion 

value 

Theore- 




value 

(as g. 

tical 



Wt. of 

(ml. 

hyo- 

wt. of 

Picrate 


powder 

N/50 

scy. 

picrate 

found 

% re- 

(§•) 

H2SO4) 

amine) 

(g-) 

(g-) 

covery 

(1) 5 (leaf) 

3-9 

0-022 

0-039 

0-0242 

62 

5 (root) 

5-8 

0-033 

0-059 

0-0386 

65 

(2) 10 (leaf) 

8-1 

0-046 

0-082 

0-0597 

73 

10 (root) 

10-3 

0-059 

0-105 

0-0793 

75 

(3) 20 (leaf) 

16-7 

0-096 

0-172 

0-1446 

84 

20 (root) 

20-1 

0*116 

0-207 

0-1782 

86 " 

(4) 50 (leaf) 

43-2 

0-249 

0-447 

0-4120 

92 

50 (root) 

54-3 

0-314 

0-562 

0-5152 

92 


KESULTS 

Alkaloid and carbohydrate content of ‘ 
Atropa belladonna 

(1) Normal plants (seasonal variation). Samples 
of root, stem and leaves were taken from 2-year-old 
plants. The figures given in Table 1 represent the 
average content of six plants. Qualitative experi- 
ments on carbohydrate distribution are recorded 
in Table 2. 


Table I. Seasonal variation of hyoscyamine 
content of Atropa belladonna 

g. alkaloid/100 g. dry wt. 


Month 

Root 

Stem 

Leaf 

Jan. 

0-42 





Feb. 

0-40 

— 

' — 

Mar. 

0-38 

__ 

0-60 (shoots) 

Apr. 

0-42 

— 

0*51 (shoots) 

May 

0-56 

— 

0-39 

June 

0-59 

0-12 

0*45 

July 

0-62 

0-16 

0-48 

Aug. 

0-61 

0-14 

0-45“ 

Sept. 

0-60 

0-10 

0-43 

Oct. 

0-61 

0-10 

0-43 

Nov. 

0-56 


— ■ 

Dec. 

0-52 

. ;■ 

■ 


(2) Etiolated plants. At the beginning of March, 
before growth commenced, large plant pots were 
placed over the crowns of plants. Control samples 
were taken of roots. At the end of May further 
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Table 2, Seasonal distribution of carbohydrates 



Summer Autumn 

Winter 

Boots: * 

Eeducing' sugars 

-f- , 

+• 

+ 

Non-reduciiig sugars 

+ 

4- 

4- 

Starch ' + 

(wood and pith) 

+ + + 

4-4-4- 

Stems: 

Beducmg sugars 

+ 

+ 


Non-reduoing sugars 


4* 


Starch 


Trace 


Leaves: 

Beduoing sugars 

+ 

Trace 


Non-reducmg sugars 

+ + 

4- 


Starch 

- 

Trace 



" Tannins were present in leaves, stems and roots in all 
seasons. Arginine was present in leaves and roots. 

examination of roots was made and also of the 
etiolated shoots which had been formed. The results 
of this experiment are shown in Tables 3 and 4. 

Table 3. Hyoscyamine content of etiolated plants 
g, alkaloid/100 g. dry wt. 


CROMWELL , • ^3 

Grafting experiments. Experiments were carried 
out using A., belladonna roots as stocks and tomato 
■ shoots as scions and vice versa. Samples of root 
were removed from A. belladonna stocks before the 
experiment, and hyoscyamine estimated. After a 
period of 5 weeks the tomato scions were examined 
qualitatively and quantitatively for alkaloid. The 
Vitali test was applied to a water extract of one of 
twelve scions and gave a strongly positive reaction 
for hyoscyamine. The remaining scions were dried 
and estimated quantitatively. The results are shown 
in Table 5. 

Table 5. Hyoscyamine content of A. belladonna 
IT stocks and of tomato scions 


Plant 

Control 

^ 

Experimental 

Etiolated 

shoots 

A 

0*40 

MO 

0*43 

B 

0*37 

0*98 

0*45 

G 

0*41 

1*20 

0*41 

I) 

0*37 

0*88 

0*45 

E 

0*45 

1*51 

0*47 

F 

0-42 

1*52 

0*47 


Table 4, Distribution of carbohydrates 
in etiolated plants 


Eeducing sugars 

Boots 

Etiolated 

shoots 

4^ 

Bon-reducmg sugars 

-f 

+ -f- 

Starch 

4- 

- 

Argmine was present in 

both roots and shoots. 


The translocation of hyoscyamine in 
Atropa belladonna 

The upward and downward movement of alkaloid 
was studied by two methods, {a) examination of 
the exudate from cut stems and (6) grafting 
experiments. 

Exudate from stems. The shoots of 2-year-oId 
plants were cut to within 3 in. of the crown, and 
stout rubber tubing, provided with a screw clip, 
immediately slipped over the stumps. Glass tubes 
were inserted and supported by retort stands. 
10 ml. distilled water were run into the tubes and 
the level marked. After one week had elapsed the 
exudate from the stumps was collected and esti- 
mated for hyoscyamine. 20 ml. of the exudate 
from each of three plants gave respectively 1*1, 
1*3 and 0*9 mg. hyoscyamine. 


g. alkaloid/100 g. 
dry wt. 


ia) A. belladonna stock: A 
^ B 

C 
B 

(&) Tomato scions 


Control 

0-52 

0-56 

0*52 

0*54 

0*12 


Experi- 

mental 


The grafting of A. belladonna on tomato stocks 
proved unsatisfactory, only two scions out of twelve 
surviving. The stocks carrying these scions gave a 
trace of hyoscyamine by the Vitali test. These 
experiments show that upward movement of alka- 
loid from the root system of A. belladonna takes 
place freely, while downward movement from the 
leaves is very restricted. 

The influence of the injection of various substances 
on the production of alkaloid 

Solutions of potassium nitrate, ammonium sul- 
phate, asparagine, urea, nitrogenous bases and 
amino-acids, alone and in association with glucose, 
were injected into plants of Atropa (2 years old) 
and Datura, with the object of observing the effect 
on the plants and on the production of alkaloid. 

Petioiar and stem injections were first carried out 
but did not prove satisfactory. Injection tlirough 
the stump of a stem proved the most rapid and 
reliable method of introducing solutions into Atropa 
plants, and branch injection in the case of Datura. 

The solution was contained in a litre aspirator 
bottle placed 3 ft. from the groimd and was con- 
veyed to the cut end of the stump tlirough stout 
rubber tubing provided with a screw clip. To avoid 
an* locks the tubing was filled with solution by 
opening the screw clip before connexion w’-as made. 
With good transpii'ation as much as 400 mi. of 
solution passed into Atropa plants ui 3 days. 
100 mi. was the average volume which passed into 
plants. Samples of leaves and roots were 
taken before and after the injection period. 
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Preliminary injections were carried , out with 
eosin solution to determine the extent and distri- 
bution of injected fluid, and it was found that the 
dye reached the greater part of the root and shoot 
system of the plants. In these experiments 2% 

Table 6 . Influence of the injection of various 
substances on the alkaloid content of the plants 

(Values given represent the mean of three injections on 
separate plants.) 

g. alkaloid/100 g. dry wt. 


Solution injected 

Con- 

. Experi- 

Con- 

Experi- 

trol 

mental 

trol 

mental 

A. Atropa helladonna 



Potassium nitrate 

0*37 

0-36 

0*55 

0*56 

Do. + glucose 

0-45 

047 

0*64 

0*63 

Ammonium sulphate 

0-43 

047 

0*53 

0*55 

Do. -f glucose 

0-47 

049 

0*56 

0*60 

’ Asparagine 

0-43 

0-44 

0*60 

0*62 

Do. •+• glucose 

0-42 

046 

0*59 

0*62 

Glycine 

0-39 

041 

0*55 

.0*58 

Do. -fgiucose 

0-46 

048 

0*63 

0*66 

Arginine 

0-45 

048 

0*65 

0*67 

Do. + glucose 

0*44 

0*52 

0*58 

0*61 

Lysine 

0-4o 

0*45 

0*55 

0*58 

Do. -1- glucose 

0-41 

044 

0*52 

0*54 

ProHne 

0-42 

0-45 

0*55 

0*56 

Do. -{-glucose 

0'41 

045 

0*59 

0*61 

Putrescine (dihydrocMoride) 

0-44 

0*67 

0*62 

0*65 

Do. +glucose 

0-M 

0-70 

0*60 

0*67 

Cadaverine (dihydrochloride) 

0-39 

0*40 

0*60 

0*62 

Do. -fglucose 

0-41 

0-41 

0*63 

0*64 

Choline (chloride) 

0-40 

0*42 

0*61 

0*62 

Do. + glucose 

044 

0-48 

0*60 

0*64 

Betaine (hydrochloride) 

045 

0*45 

0*69 

0*65 

Do. -{-glucose 

0-39 

0-41 

0*61 

0*62 

Methyiamine (hydrochloride) 

042 

043 

0*58 

0-60 

Do.-fglucose 

0*38 

0-42 

0-66 

0*69 

Dimethylamine (hydrochloride) 

045 

' 0-45 

0*62 

0-64 

Do.+glueose ■ ' 

041 

0*45 

0*64 

0-65 

Trimetl lylai ni ne { hydrochloride) 

0*43 

042 

0*57 

0*58 

Do. Pglucose 

0*49 

0-52 

0*59 

0-59 

Hexainethylene tetramiiie 

047 

0-49 

0*72 

0*72 

Do. -rgiueuse 

0-42, 

0*47 

0*58 

0*61 

Formamol (hexamethyiene 

0*45^ 

0*48 

0*55 

0*58 

tefcran a ne-anhydi'O-niethylene 





citrate) 





Do.- 1 -glucuse 

0-43 

0-49 

0*62 

0*68 

Succinimide 


0*43 

0*65 

0*67 

Do. -{-glucose 

049 

0*49 

0*69 

0*68 

Urea 

0-43, 

0*43 

0*58 

0*55 

Do. -f glueo.se 

041 

0*42 

0*61 

0-60 

■ B. JMiura 

siramonm^ri 



Asparagine 

0*31 

0*34 

0*25 

0-26 

Do. -{-glucose 

■0*32 ' 

0*36 

0*26 

0*29 

Putrescine (diliydruchioride) 

0-33 

0*33 

0*22 

0*25 

Do. -{-glucose 

0-32 , ' ■ 

0*36 

0*22 

0*29 

Glycine 

0-29, 

0*31 

0*27 

0*30 

Do. glucose 

0*33 

0*36 

0-25 

0*29 

Arginine 

0-34 

0*34 

0*29 

0*32 

Do. -{-glucose 

0-33 

0*36 

0*30 

0*32 

Fonnarnol 

0-31 

0*35 

0*28 

0*30 

Do, -f glucose 

0-36 

0*39 

0*27 

0*31 


solutions of glucose and 0*25 % of all other sub- 
stances were used and the duration of injection was 
7 days. None of the substances injected at these 
concentrations appeared to injure the plants. 

The results of the injection experiments are shown 
in Table 6; an increase of 0*05 g. hyoscyamine/IOOg. 
dry weight is considered significant. 

Injections of arginine with glucose, putrescine 
. alone and with glucose, hexamine with glucose and 
formamol with glucose gave substantial increases 
in the hyoscyamine content of Atropa hellado7ina. 
Putrescine with glucose and formamol alone gave 
the best results with Datura stramonium. 

Material from a second experiment on the injec- 
tion of putrescine was used to check the titration 
values obtained in the first experiment, and to 
endeavour to show, by isolation as picrate, that 
increase of hyoscyamine is responsible for the in- 
creased titration value after putrescine injection 
(Table 7). 

The theoretical amount of picric acid was added 
to the combined neutralized solutions from three 
plants of Atropa belladonna to ensure a good re- 
covery of the alkaloid picrate. 10 gi samples of leaf 
and root powder were extracted in each case. 

Volatile base content of normal and etiolated 
plants of Atropa belladonna 

The volatile bases pyridine, N -methyl pyrrolidine 
and N-methyl pyrroline are present m the leaves 
and roots of Atropa belladonna and Datura stra^ 
monium. Unfortunately a reliable method for sepa- 
rating and estimating these bases could not be 
devised, but it seemed desirable to examine in 
normal and etiolated plants the content of volatile 
bases extractable with ether-chloroform mixture. 
The procedure adopted was similar to that for the 
estimation of hyoscyamine with the exception that 
N NaOH was used for the liberation of the bases, 
which were then distilled into standard acid. The 
base content was calculated in terms of N-methyl 
pyrrolidine (Table 8). 

DISCUSSION 

As a preliminary to further investigations on the 
nature ^ of the intermediates in the synthesis of 
hyoscyamine, it was considered desirable to obtain 
more information on the behaviour of the alkaloid 
in the plant organs throughout the entire year, and 
also to carry out translocation experiments with 
the object of locating the tissues in which synthesis 
takes place. 

The results of experiments on the exudate from 
cut stems and on grafting indicate clearly that 
hyoscyamine moves in an upward direction from 
root to shoot system, and will pass into a scioii 
which does not normally contain it. Although 
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Table 7. The effect of injection of putrescine on the yield of hyoscy amine 


(1) Putrescine (diliydrochloride) : 

Combined titration value of 3 plants (g. hyoscyamine) 
Theoretical weight of hyoscyamine picrate (g.) 

Weight of picrate found (g.) 

(2) Putrescine (dihydrocbloride) + glucose: 

Combined titration value of 3 plants (g. hyoscyamine) 
Theoretical weight of hyoscyamine picrate (g.) 

Weight of picrate found (g.) 


Leaf Root 


Control 

Experi- 

mental 

Control 

. 'Experi- 
mental 

0*123 

■ 0*180 

0*166 

0*184 

0*220 

0*322 

0*297 

0*329 

0*1871 

■ 0*2706 

0*2583.,. 

0*2896 

0*139 

0*203 

0*155 

0*188 

0*249 

0*363 

0*277 

0*336 

0*2138 

0*3195 

0*2383 

0*2862 


The picrates obtained had m;p. 163-164° {N content of sample 10*79%). 


these experiments do not prove that the root 
gysterd is the locus of synthesis, the evidence is 
strongly in favour of this view^. In plants grovung 
under normal conditions it is therefore probable 
that the alkaloid is formed principally in the root 

Table 8. Volatile base content of normal 
and etiolated plants 


Content of volatile base 
calculated as g. i7-methyl 
pyxrolidine/lOO g. dry wt. 



t 

(a) Normal plants 
Leaves 

Roots 

Plant A 

0*07 

0*04 

B 

0*09 

0*06 

0 

0*07 

0*05 


(t) Etiolated plants 
Shoots 

Roots 

Plant D 

0*12 

0*09 

E 

0*14 

0*13 

F 

0*18 

0*10 


and moves upwards through the vessels into the 
stems, leaves, fruits and seeds. It would appear 
that downward movement is very restricted. The 
work of Dawson [1941] on the tobacco plant simi- 
larly leads to the conclusion that nicotine is synthe- 
sized mainly in the root and that it moves from the 
root system via the xylem to the leaves. Shmuck, 
Smimow & Ilyin [1941] also conclude from their 
grafting experiments that the synthesis of nicotine 
by Nicotiana is intimately connected with the root 
system and the stem. Kerkis & Pigulevskaya [1941] 
found atropine in all parts of tomato scions grafted 
on Datura stramonium. 

The leaves of Atropa plants growing in full sun 
generally give a higher yield of alkaloid than plants 
growing in shade, and it is possible that the greater 
transpiration occurring in such plants would tend 
to draw up more alkaloid from the root system. 


Sievers [1921], working with Datura spp., found that 
removal of flower buds brought about an increase 
in alkaloid content of leaves. This finding may be 
interpreted on the assumption that alkaloid which 
would normally reach the fruits and seeds would 
be diverted to the leaves. 

The seasonal distribution of alkaloid in roots, 
stems and leaves justifies, in the main, conclusions 
drawn from translocation experiments. For leaf 
tissues a minimum occurred in May (sufficient fully 
developed leaf material was not available before 
May), and a maximum in July, after which, there 
was a slight fall until October, when the plants 
were killed by frost. The low concentration in the 
stems and the comparatively high concentration in 
the leaves during autumn show that little downward 
movement had taken place and therefore, on the 
subsequent death of leaves and stems, a consider- 
able amount of alkaloid is lost to the plant. The 
peak of concentration is coincident with full 
maturity of the plant. 

In normal seasons buds develop on the crowns 
during late autumn and remain dormant through- 
out the winter. Mild winters, however, may induce 
considerable growth of these buds, which may 
assume the form of shoots in February. 

Analysis of entire shoots made in early March 
reveals a substantially high alkaloid content, but 
leaves detached in May from strongly growing 
shoots give yields which are low for leaf tissues. 
In the root a miniiiimn occurs in March and a 
maximum in July, and from July imtil November 
the concentration is well maintained. From Novem- 
ber to March an appreciable loss takes place which 
may be correlated with the development of buds 
and shoots at this period. From conclusions reached 
regarding translocation it would appear tliat loss of 
alkaloid takes place from root to shoot system. 
Later work, however, has showm that synthesis 
may take place to some extent in slioots developing 
in absence of light, and this was previously found 
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to be true for leaves from which light was excluded 
[Cromwell, 1937 ]. 

The distribution of carbohydrates follows the 
course usual for the majority of perennial plants. 
Starch is the principal carbohydrate stored in. the 
roots during winter and is mobilized in the spring. 
During the summer months a trace of starch is 
present in the leaves, whereas mobile sugars are 
abimdant in both leaves and stems. The high con- 
centration of alkaloid found in the roots of plants 
from which light had been excluded during initial 
development is particularly significant. Non-re- 
ducing sugars and arginine also are present in roots 
and etiolated shoots, and therefore conditions for 
synthesis would be optimum, on the assiunption 
that products of carbohydrate breakdown and 
amino -acids are the essential raw materials. On the 
other hand, it could be argued that the high content 
of alkaloid in the roots of these plants is the result 
of little translocation having taken place into the 
poorly developed etiolated shoots. Subsequent 
work has shown, moreover, that etiolated shoots 
from plants receiving similar treatment are able to 
synthesize alkaloid to a small extent. The yield of 
volatile bases is also stimulated by subjecting the 
plants to continued darkness for 3 months at the 
beginning of the growing season; hence it may also 
be assumed that conditions leading to accmnulation 
of amino -acids and carbohydrate derivatives favour 
synthesis of these bases. 

In the injection experiments an increase in alka- 
loid content of 0*05% over that of the controls is 
considered significant, although, . if limiting factors . 
are operating, it would not necessarily follow that 
values below this figure rule out the possibility that 
the substances in question act as intermediates in 
alkaloid synthesis. It is to be noted that, after 
injection, the increase of alkaloid in the leaves is 
usiiail;^^ more marked than in roots, but if synthesis 
is taking place in the root and the alkaloid moves 
to the leaves large variations m the root would not 
be expected. In many instances the stimulating 
effect of glucose is apparent and is probably due to 
the proYision on breakdown of a ready soui'ce of 
energy and also of intermediates for hyoscyamine 
production, 

.Before discussion of the effects of specific, sub- 
stances on injection, it will be convenient to refer 
to laboratory syntheses of derivatives and near 
relatives of hyoscyamine. Robinson [1917] synthe- 
sized tropinoiie from suecindiaidehyde, methyl- 
amine and acetone-dicarboxylic acid, highly reac- 
tive substances which might occur in the plant. 
Robinson considers that suecindiaidehyde and 
methylaniine may arise from the interaction of 
formaldehyde and ornithine, and acetone-dicarb- 
oxylic acid from citric acid. Schopf &> Lehmann 
[1935] showed that pH affected the yield of tro- 



pinone, and obtained at pH 7 a yield of 73% and 
at pH 5 90%. Schopf [ 1937 ] synthesized teloidiiie 
from mesotartaric dialdehyde, methylamine . and 
acetone-dicarboxylic acid. 

Of the various amines and amino -acids injected 
into plants of Atropa belladonna and Datura stra- 
monium, putrescine, arginine, hexamine and forma- 
mol are responsible for the greatest increase in the 
yield of alkaloid. The effect of putrescine, alone and 
in association with glucose, is especially marked 
and suggests that this diamine is an intermediate 
in the synthesis of hyoscyamine. Ai’ginine injected 
in association with glucose likeYvise increases the 
content of alkaloid substantially. It is therefore 
inferred that arginine occupies a key position in the 
synthesis of hyoscyamine as the precursor of putres- 
cine. In processes of bacterial putrefaction, putres- 
cine is generally regarded as arising from arginine 
via ornithine, and in this connexion Gale [1940] has 
shown that a mixtxu’e of washed suspensions of 
Streptococcus faecalis Sargent and Escherichia coli 
growing in symbiosis produces putrescine from 
arginine by way of ornithine. The subsequent fate 
of putrescine is the subject of a later paper in 
which further experiments will be discussed. 

Hexamine and formamol in acid solution both 
give rise to formaldehyde and ammonium salts, 
formamol in addition yielding citrate, and hex- 
amine, on reduction, methylamine. These com- 
pounds are potential sources of probable inter- 
mediates in the synthesis of alkaloids of the tropane 
group and their effect on injection bears out this 
conclusion. None of the remaining substances in- 
jected gives a significant^ increase of alkaloid 
content. Urea appears to inhibit the production of 
alkaloid, and this observation was also previously 
made in experiments on urea feeding [Cromwelh 
1937]. It is considered that accumulation of urea 
in the tissues may influence adversely the formation 
of ornithine from arginine, thus inhibiting the 
production of putrescine. 

Methylamine, dimethylamine, trimethylamine 
and choline are each responsible for stimulation of 
alkaloid production when injected with glucose. 
Aekermazm & Schiitze [1910, 1911] found methyl- 
amine and trimethylamine as the result of bacterial 
action on. choline, and if methylamine is an inter- 
mediate in hyoscyamine synthesis it may be derived 
from choline, which is Imown to be present in the 
root of Atropa belladonna [Kunz, 1885]. Glycine, 
hoYvever, may provide methylamine on decarboxy- 
lation, and this amino -acid also ‘ causes a slight 
increase of alkaloid on injection. Lysine and proline 
both show a stimulating effect. Ammonium sul- 
phate and asparagine give a positive result which 
may be due to their indirect effect on amino -acid 
production. Cadaverine, betaine, succinimide and 
potassium nitrate are virtually without effect. 
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1. The seasonal distribution of hyoscyamino in 
the leaves, stems and roots of Atropa belladonna has 
been investigated. The maximum concentration in 

ves, stems and roots occurs in July, the minimum 
in leaves during the early part of May and in roots 
in March. Little downward movement takes place 
from the leaves in autumn. 

2. Translocation experiments lead to the view 
that the root system is the principal seat of alkaloid 
synthesis. The alkaloid moves as such from the root 
system to stems, leaves, fruits and seeds. 


3. An approximate estimate of the seasonal 
distribution of carbohydrates has been made in 
plants growing mider normal conditions and in 
plants deprived of light. 

4. The effects of injection of various amines and 
amino -acids have been studied. Putrescine, ar- 
ginine, hexamine and formampl stimulate alkaloid 
synthesis considerably. Putrescine is regarded as 
.an intermediate in the synthesis of hyoscyamine. 

5. Plants sprouting in darkness give a high yield 
of alkaloid and volatile bases in both roots and 
etiolated shoots. 

6. The significance of these results is discussed. 


The Role of Putrescine in the Synthesis of Hyoscyamine 


By B. T, CROMWELL, Department of Botany, University College, Hull, and 
The West of Scotland Agricultural College, Glasgow 


{Received 10 November 1943) 


When putrescine (tetramethylenediamine) is intro- 
duced directly by injection into plants of Atropa 
belladonna and Datura stramonium, a considerable 
increase in the content of hyoscyamine has been 
found to odhur. This result has been interpreted as 
an indication that putrescine is an intermediate in 
the synthesis of hyoscyamine [CromweU, 1943]. If 
this interpretation is correct it becomes of interest 
to attempt to discover the manner in which putres- 
cine provides its contribution to the alkaloid mole- 
cule. If one bears in mind the use of succindi- 
aldehyde in the synthesis of tropinone by Robinson 
[1917] and jSchopf & Lehmann [1935], the most 
probable conclusion would be that putrescine first 
gives rise to succindialdehyde as the result of 
oxidation. Alternatively, putrescine may rmdergo 
partial oxidation with the format ion of an amino - 
aldehyde (y-aminobutyraldehyde). 

The occurrence of a diamine -oxidase system in 
animal tissues has been reported by Best & McHenry 
[1930], Zeller [1938, 1940], Zeller, Birkhauser, 
Mislin <& Wenk [1939], and in bacteria by Gale 
. Zeller [1938] showed that this enzyme 


brings about deamination of histamine, putrescine, 
cadaverine and agmatine, and Gale [1942], working 
with washed suspensions of Rs. pyocyanea, found 
that at pH 7*5 the oxidation of putrescine, cada- 
verine and agmatine proceeds to completion. Zeller 
[1940] reported inhibition of the diamine -oxidase 
system by cyanide, semicarbazide, choline, mono- 
amines, and over-optimal concentrations of sub- 
strate. It ■was thought that an enzyme bringuig 
about oxidation of putrescine might exist in the 
tissues of Atropa, and accordingly an attempt -was 
made to prepare an active extract from, this plant, 

EXPERIMENTAL 

(1) Preparation of crude extract from Atropa roots, leaves 
and etiolated shoots. Freshly gathered material (500 g.) was 
washed and finely minced with silyer sand in a mincing 
machine. The pulp was transferred to a muslin bag and 
pressed out in a strong hand-press. Sufficient glycerol was 
added to the press-juice to make 5% and the press-cake 
treated with the glycerol solution for J hr. The extract 
was again filtered through muslin and the residue pressed 
out. The combined press-juice and filtrate was centrifuged 


Kunz, H. [1885]. Ar^p, Pharm. 223, 701. 

Robinson, R. [1917]. J. chem. Soc. Ill, 762, 876. 

Schopf, C. [1937]. Angew, Chem. 50, 779, 797. 

& Lehmann, G. [1935]. Liebigs. Ann. 518, 1. 

Shmuck, A., Smirnow, A. & Ilyin, G. [1941]. G.B. Acad. 
Sci. U.R.S.8. 32, 365. 

Sievers, A. F. [1921]. J. Amer. pharm. Ass. 10, 674. 


Ackermann, D. &,Schutze, H. [1910]. Biol. Zhl. 24, 210. 
— — [1911]. Arch. Hyg., Bert, 73, 145, 

Cromwell, B. T. [1933], Biochem. J. 27, 860. 

[1937]. Biochem. J. 31, 551. 

Dawson, R. F. [1941]. Science, 94, 396. 

Gale, E. F. [1940]. Biochem. J. 34, 853. 

Kerkis, J. J. <& Pigulevskaya, N. N. [1941]. C.B. Acad. 
Sci.U:B.S.8.32,m. 


Vol. 37 


PUTRESCINE m HYOSCYAMINE SYNTHESIS 


for 15 min. at 2000 r.p.m.j the supernatant solution poured 
off, dialyzed for 12 hr. at 2® and brought to the required pH 
(7*2 or 6-8). 

(2) Determination of the deaminating activity of 
extracts, A preliminary examination of the de- 
aminating activity was made by use' of the colori- 
metric method described by Zeller [1940], who 
employed potassium indigo disulphonate as an 
indicator in the diamine-oxidase system, and found 
that the amoimt of dye decolorized was propor- 
tional to the amount of diamine oxidized. 

25 ml. of the enzyme extract of roots were placed 
in each of five 200 ml.* conical flasks (a, 6, c, d, e), 
and 10 ml. M/i5 phosphate buffer (pH 7*2), 2 ml. 
toluene and 1 ml. 0-05% solution of the dye were 
all added. Flasks a, b, c each received 5 mg. putres- 
cine dihydrochloride. Flask c was boiled for 
30 sec. before addition of reagents; d and e served 
„as controls. 

All flasks were closed with rubber stoppers, 
placed in the incubator at 25°, and shaken periodi- 
cally. After 5 hr. incubation, decolorization was 
almost complete in flasks a and b, but had also 


progressed in the controls to some extent. No de- 
colorization took place in c. This experiment gave 
some indication of the activity of a diamine-oxidase 
system m the extract. As a iiianometric deterniina- 
tion of enzyme activity was impracticable, ammonia 
was determined -after incubation .for 24 hr. at 25° 
by aeration followed by titration andNesslerization. 

25 ml. of the extract (pH 7*2 or 6*8) were pipetted 
into each of seven 200* ml. conical flasks a, 6, c, d, 
e, / and g, 10 ml. M/15 phosphate buffer of the 
required pH were added, followed by 2 ml. toluene. 
Flasks a, b and c each received 2 ml. of a solution 
of putrescine dihydi'ochloride, the equivalent of 
5 mg. Flask d, which, had been boiled for 30 sec., 
received 5 mg. putrescine dihydrochloride. Flasks 
e and / were used as controls and -gr received 5 mg. 
putrescine dihydrochloride and 2 ml. M/50 KCN. 
Oxygen was introduced into the flasks in alternate 
experiments,' the flasks closed with rubber stoppers 
and incubated at 25° for 24 hr. After incubation, 
c was examined for the presence of bacteria, and 
prior to aeration 5 mg. putrescine dihydrochloride 
were introduced into the controls. 5 ml. saturated 


Table 1. Deaminating activity of crude extracts 
Ammonia (mg.) and aldehyde ( -f etc. 


of Atropa 

) present after incubation of flask 




<7/ 

b 

d 

e 

/ 

9' 



? ... 

(a) Hoot extract 





(1) Oxygen, pH 7*2 

(Ammonia) 

3*02 

3*01 

2*02 

1*97 

1*99 

1*93 


(Aldehyde) 

+ + 

4- 4* 

4- 

• 4 - 

4 - 

4 - 

(2) Air, pH 7*2 


2*62 

2*79 

2*17 

1*95 

1*96 

2*07 



+ + 

4- 4- 

4- 

+ 

4 - 


(3) Oxygen, pH 7*2 


3*09 

3*11 

2*19 

2*07 

2*10 

2*05 



. + + 

4" 4" 

4- 

4 - 

. 4 - 

4 - 

(4) Air, pH 7*2 


2*24 

2*25 

2*04 

1*85 

1*87 

1*82 



H- + 

4" 4“ 

4- 

4 - 

4 * 

4 - 

(5) Oxygen, pH '6*8 


, 2*24 

2*36 

2*10 

1*98 

1*97 

1*98 



+ 

4- + 

4 - 

4- 

4 - 

4 - 

(6) Air, pH 6*8 


2*27 

2*23 

2-22 

2*09 

2*05 

2*04 



-I_ 4- 

4- 

-4 

4 - 

4 - 

4- 



(5) Extract from etiolated shoots 




(1) Air, pH 7*2 


3*38 

3*30 

3*14 

3*13 

3*09 

3*09 



+ 4 - 

4- 

4 - 

• 4 - 

-4 

■ 4 “ 

(2) , Oxygen, pH 7*2 


3*26 

3*21 

3*04 

2*97 

2*96 

2*99 



■ 4- 4- 

4 - 4 - 

4- 

4 - 

4 - 

4- 

(3)' .Air, pH 7.*2 


3*11 

3*13 

3*04 

3*04 

2*99 

2*97 


4- 

+ 

4- 

4 - 

4 - 

4_ 

(4) Oxygen, pH 7*2 


3*14 ■ 

3*11 

2*91 

2*86 

2*88 

2*89 



4 - 4 " 

+ 

4- 

4 - 

4 - 

..+■ 



io) 

Extract from leaves 




(1) Oxygen, pH 7*2 „ 


2*18 

2*14 

2*16 

2*09 

2*13 

2*09 



+ 4- 

•4- 

4- 

4 - 

4 - 

4 - 

(2) Air, pH 7-2 


2*02 

1*92 

2*02 

1*97 

1*93 

1*95 


4-, 

+ 

4- 

4 - 

4 - 

4 - 

(3) Oxygen, pH. 7*2 


2*30 

2*26 

2*31 

2*22 

2*21 

2*21 




4- 

4- 

4 - 

■ 4 - 

. . , . ■ 4 -: 

■(4/ Air,,'pH'7*2'''::, 


2*19 

2*22 

2*24 

2*17 

2*19 

2*14 


-f- 

4* 

4- 

4- 

. 4 - ■■■■ 

-f 
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K2CO3- .solution were run into each flask and aera- 
tion earned out for 40 min, at the temperature of the 
boiling water-bath. Approximately equal volumes 
of air were drawn through each of the flasks by 
means of aspirators, and the ammonia aerated into 
25 ml. N/lOO acid and back-titrated with N/lOO 
alkali from a micro -burette. After titration the 
value was checked by the use of ISTessler’s solution. 

Aldehyde production in a series of parallel experi- 
ments was gauged by the use of 2 : 4-dinitrophenyl- 
hydrazine in 2ISr HCL After removal of protein by 
10% CCI3.COGH, 5 ml. of a saturated solution of 
2 : 4-dinitrophenylhydrazine in 2N HCl were added 
and the tubes allowed to stand for f hr. After this 
the tubes were shaken and 10 ml. of the solu- 
tion transferr^ to a comparator tube. 5 ml. 20 % 
ISTaOH were now added and the depth of colour 
compared in control and experimental tubes. 

Erom Table 1 it will be observed that the pre- 
sence of introduced putrescine results in an in- 
creased formation of ammonia and aldehyde in 
of root and etiolated shoots but not to 
any extent in leaf extracts. It thus appears that 
putrescine is deaminated in the tissues of roots and 
etiolated shoots, with the formation of anamonia 
and an aldehyde. The activity of the extract is 
at pH 7-2 than at pH 6*8 and greater in 
oxygen than in air. ^ 

Deamination is inhibited by the presence of 
cyanide and proceeds independently of bacterial 
activity. 

(S) . Eaiamination of leaves and upper stems of 
Atropa belladonna and Datura stramonium for 
putrescine. If putrescine is an iutermediate in the 
synthesis of hyoscyamine it would be expected that 
it might be detectable in the tissues in certain 
circumstances. The probable occurrence of putres- 
cine in tissues of Datura stramonium has been re- 
ported by Ciamician & Ravenna [1911], and the 
presence of a diamine in the leaves of Atropa 
belladonna is mentioned by Greenish [1933]. The 
tetramethyl derivative of putrescine was isolated 
in 190.7 by E. Merck from Hyoscyamus muticus 
[Henry, 1924]. 

An examination of leaves and upper steins was 
therefore made, by the method given below, with 
the oh] ect of isolating the diamine. 

2 kg. of tissue were finely minced, treated with 1 1. of 
saturated ether-chloroform water (4 vol. ether : 1 vol. 
chloroform) and allowed to stand for 2 hr. The pulp was 
transferred to a muslin bag, pressed out, and the press-cake 
extracted twice with water (250 ml.). The combined ex- 
tracts were heated to 90° and the coagulable protein and 
tissue debris removed by centrifuging. The clear solution 
was concentrated to 300 mi, under reduced pressure and 
treated with lead acetate. The precipitate was filtered off 
and the lead removed from the filtrate with HgS. The 
filtrate was further concentrated, made slightly alkaline 
with ISTaOH and the alkaloids shaken out with 3 portions 


of 100 ml. ether-chloroform mixture. After removal of 
alkaloids, the alkaline solution was gently warmed under 
reduced pressure to remove dissolved ether and ammonia. 
Histidine and arginine were precipitated (at pH 7*2 and 12 
respectively) with AgNOg, and the lysine fraction with 
phosphotungstic acid. The lysine precipitate was suspended 
in water and the bases regenerated with Ba(OH) 2 . The 
filtrate was made slightly acid with dilute HCl and evapo- 
rated to dryness in vacuo. The residue was next made 
slightly alkaline with ]Nfa 2 C 03 , extracted with absolute 
ethanol, filtered, and the bases precipitated by addition of 
a saturated solution of HgClg in ethanol. After filtration, 
the precipitate was suspended in water, and mercury re- 
moved by HgS. To the filtrate a few drops of dilute HCl 
were added, the solution concentrated to 2 ml. and excess 
of, absolute ethanol added. The crystals which separated 
on standing were removed by filtration, dissolved in the 
minimum amount of water, reprecipitated with absolute 
ethanol, and finally recrystallized from absolute methanol. 
Crystals were obtained which melted at 289°. (Putrescine 
dihydrochloride has m.p. 290°.) (Pound; N, 17T % . Calc, 
for putrescine dihydroohloride, N, 17*4%.) The yield of 
putrescine dihydrochloride from leaves and upper stems of 
Atropa belladonna gathered in May and June was nil, from 
leaves gathered in August 0*01 g., and from stra- 

monium gathered in August 0*022 g. On benzoylation and 
recrystallization from ether, 10 mg. of the dihydrochloride 
yielded 15 mg. of crystals which melted at 175-176°. 
(Found: N, 4*82%. Calc, for dibenzoyl putrescine, N, 
4*73%.) A mixed m.p. with anthentic dibenzoyl putre- 
scine (m.p. 177°) showed no depression. 

On the assumption that putrescine was not lost 
in manipulation, it is concluded from this examina- 
tion that at certain periods the diamine shows slight 
accumulation in leaves and upper stems. During 
the early part of the growing season accumulation 
may be prevented by the activity df diamine- 
oxidase. 

Roots, leaves and etiolated shoots of Atropa were 
also examined for the presence of methylamine after 
ammonia had been removed by yellow HgO, but it 
was not possible to detect this amine with any degree 
of certainty. Formaldehyde also was absent from 
these tissues (dimedon test). Plants which had been 
injected with choline, betaine, hexamine, trimethyl- 
amine, dimethylamine and glycine likewise failed 
to show the presence of methylamine. Ammonia 
and aldehyde production, however, was intensified 
in plants injected with glycine, and also in cut 
shoots which were allowed to take up this amino- 
acid from dilute solution. 

DISCUSSIGISr 

From the results of earlier experiments on Atropa, 
belladonna it has been considered that putrescine 
forms a link in the chain of resections leading to the 
synthesis of hyoscyamine and that the most active 
synthesis takes place in the root system. 

The occuirence of an enzynne system which brings 
a|3out the oxidative deamination of putrescine (and 
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probably cadaverine) in roots and etiolated shoots 
adds further weight to the above considerations, 
and gives some degree of biological support to 
laboratory syntheses of certain members of the 
tropane group of alkaloids. The optimum pH for 
diamine -oxidase activity (7*2), however, is higher 
than that of the cell sap (5-8--6*2), but it does not 
follow that the pH of the protoplasm of certain 
cells or tissues must necessarily be the same as that 
of the cell sap. Fluctuations in pH values may 
induce the activity of enzymes which are adaptive 
and thus accumulation of acidic or basic groups 
may be prevented. For example. Gale [1940] has 
shown that the amino-acid-decarboxylase activities 
of bacteria are in some cases strictly adaptive. 

Arginine, the precursor of putrescine, either arises 
as an intermediate in the synthesis of protein or is 
produced from protein breakdown. In either case 
it is considered that arginine may be diverted to 
the production of putrescine. 

Partial oxidation of putrescine with the elimina- 
tion of one molecule of NHa would give rise to an 
amino -aldehyde, and succindialdehyde would be 
formed as the result of oxidation of both amino 
groups. Although neither of these aldehydes was 
isolated, it is presumed that one or both are present 
when putrescine is subjected to oxidation, in view 
of the positive reaction with 2 : 4-dinitrophenyl- 
hydrazine. The above reactions are represented in 
the following scheme: 

Arginine Protein 

^ Succindialdehyde 
Ornithine — Putrescine <(" 

Amino-aldehyde 

In accordance with the findings and suggestions 
of Robinson [1917, 1936], succindialdehyde and the 
amino-aldehyde might contribute to the molecules 
of tropinoiie (I) and nor-tropinone (II) according 
to the scheme outlined below : 


would be produced. Similarly if cadaverine is pre- 
sent (from lysine) and, undergoes oxidative de- 
amination to produce glutardialdehyde or an 
amino -aldehyde, a pyridine ring would result. 

The two alkaloids hyoscine and iheteloidine, both 
closely related to hyoscyamine, occur together* in 
Datura meteloides and. on hydrolysis, yield the bases 
scopine (TV) and teloiiine (V.) respectively. The 
occurrence of N -methyl -pyrroline in the leaves of 
Atropa belladonna and Datura spp. suggests a ‘ 
possible relationship between this base and scopine 
and teloidine. If, in N-methyl -pyrroline, the double 
bond is represented as occurring between carbon 
atoms 3 and 4 (III), linkage with oxygen would 
give part of the structure of scopine and subsequent 
addition of a molecule of water would then yield part 
of the teloidine molecule. The origin of the double 
bond might possibly be associated with a dehjT-dro- 
genase similar to if not identical with succinic 
deiiydrogenase. 

CH—CHa 

” Nn .CHs 

CH— CHg 

III « 


/CH— OH— 


W.CH, CHOH 


OH— CH- 


HO.CH— CH- 


>N.CH, CHOH 


HO.CH—CH- 


As no evidence for the presence of methylamine 
in the tissues of Atropa belladonna and Datura 


CHo.CHO 


CH^.CHO 


GHa.OHOH CH3 

\h.ch 3 + (io 

OH.. CHOH CH3 


I / 

CHo.CH- 


>N.CH3 CO 


eH«.CHO' 


CH2.GH..OT2 : 


CH2.0HOH 

1 \nh 


CIL.CH. 


CHo.CHOH 


+ CO 


GH^.CH- 


-HH CO 


CH.-CH- 


Tropiaone and nor-tropinone on rediiction would 
yield tropine and nor-tropine, and linkage with 
tropic acid would then give liyoscyamine and nor- 
hyosc;v'amine. If an active acetone derivative (from 
carboiiydrate via citric acid) were not immediately 
available, it is suggested that tlie volatile bases 
IST-methyi -pyrrolidine or N -methyl -pyrroline (III) 


stramonium has yet been obtained, the origin of 
the methyl group attached to the N atom is still 
obscure. The presence of glyoxylic acid, however, 
is suspected, and it might possibly be responsible 
for the methylation of the N atom in the tropane 
group of alkaloids. Alternatively, an entire methyl 
group may be transferred from a highly methylated 
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compoiiiid such as betaine or choline [Challenger 
& BEigginbottoiiij 1935; Challenger, 1942]. The 
formation of tetramethyl piitrescine in Hyoscyamus 
mutims could be explained by assuming either that 
dimethylamine reacts with succindialdehyde, or 
that glyoxylic acid (or formaldehyde) brings about 
direct methylation of putrescine. 

SUMMARY 

1. An enzyme capable of oxidizing putrescine 
with the formation of ammonia and an aldehyde 


has been shown to exist in the tissues of Atropa 
belladonna, 

2. The enzyme is located chiefly in the 
root system, but it also occurs in etiolated 
shoots. 

3. Putrescine has been isolated in small amoimts 
from leaves and upper stems of Atropa belladonna 
and Datura stramonium, 

4. The possible role of putrescine in the syn- 
thesis of hyoscyamine and related alkaloids is 
discussed. 
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72. GENTISYL ALCOHOL {2:5-DIHYDBOXYBENZYL ALCOHOL), 
A METABOLIC PRODUCT OY PEN lOILLIUM PATVLUM BAINIER 
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{Received 17 December 1943) 


Workers in this laboratory [Birkinshaw, Bracken, 
Michael & Raistrick, 1943] have recently described 
the isolation of patulin, C7H6O4, believed to be 
anhydro-3-hydroxymethylene^-tetrahydro-y-pyrone- 
2-carboxylic acid (I), from cultures of Penicillium 
patulum Bainier grown on Raulin-Thom medium. 
Patulin is a strong anti-bacterial substance. It 
completely inhibits the growth of a large series of 
Gram -positive and Gram-negative bacteria at con- 
centrations of 1 : 33,000 to 1 : 100,000. It is also a 
powerful anti -fungal agent, since it completely in- 
hibits, at a concentration of 1 : 400,000, the growth 
of a nmnber of species of Pythium which are plant 
pathogens [Anslow, Raistrick & Smith, 1943]. 

Birkinshaw et al. [1943] recorded th^at the ethereal 
mother liquors, from which patulin had been iso- 
lated, still contained other metabolic products of 
P. patulum. One of these products, which forms 
the subject of the present communication, has now 
been isolated, in yields of 0*6 g./l. of culture filtrate, 
and identified as gentisyl alcohol (2 : 6-dihydroxy - 


benzyl alcohol) (II). Gentisyl alcohol has only 
slight anti-bacterial activity against Staphylococcus 
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It is a curious fact that, so far as we can ascertain, 
a compoimd of this simple chemical constitution 
has not been described previously, although the 
corresponding aldehyde, gentisic aldeh3?'6Le, and the 
corresponding acid, gentisic acid, which is also 
formed by P. patulum, have been known for a long 
■time.''. 
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The chemical constitution of the new metabolic 
product was established as follows. It has the 
empirical formula, CyHgOg, On long continued re- 
duction with Pd-norite-Hg it is converted into 
toluquinoL Oxidation of the dimethyl ether of the 
metabolic product with ELM11O4 gives 2 ; 5-di- 
methoxybenzoic acid which on demethylation 
affords gentisic acid (2 : 5-dihydroxybenzoic acid). 
Finally, gentisyl alcohol was synthesized by the 
partial reduction of gentisic aldehyde, the initial 
quick reduction being stopped after the absorption 
of 1 mol. of hydrogen. Synthetic gentisyl alcohol 
and the new mould metabolic product have the 
same m.p. 100*^, and a mixture of the two sub- 
stances melts at the same temperature. 

EXPERIMENTAL 

Isolation of the new metabolic product. Cultures of 
Penicillimn patulum Rainier, strain Ad 77, on 
Raulin-Thom solution, were prepared in the usual 
way. After 14 days’ incubation at 24° the bulked 
culture filtrate from 52 flasks had the following 
characteristics: total vol. 16*141.; residual glucose 
by polarimeter, 0*74%; pH, 5*0; anti -bacterial ac- 
tivity against Staphylococcus aureus, complete inhi- 
bition at a dilution of 1 : 160, partial inhibition at 
1 : 320. The buU?:ed filtrate was evaporated in vacuo 
to 800 ml. and extracted tliree times with 800 ml. 
each time of ethyl acetate. The extract was dried 
over ]Sra2S04 and the solvent was removed in vacuo. 
The residual oil (58 g.) which was beginning to 
crystallize was dissolved in ether and passed 
through a column of alumina as described by 
Birkinshaw et al. [1943]. Two crops of patulin, 
wt. 19*42 and 0*88 g., were isolated. 

The ethereal mother liquors remaining after 
separation of the patulin were freed from solvent 
and the residual oil was dissolved in ether (150 ml.) 
and hot chloroform (11.) was added. The crude 
metabolic product separated in clusters of needles 
containing a little oil. The product was collected 
after 4 days and washed mth a little ether. Wt. 
6*98 g., m.p. 98*-99*5°. The mother liquor, after 
standing in an , open flask for a considerable time, 

, deposited a second crop of' needles mixed with 
'.some" oil. Wt. 2*90 g., m.p. 84-96°. ■ ■ 

Purification of the crude metabolic product pre- 
sented some difficulty owing to the tendency of the 
substance to separate as an oil. It also appears to 
be somewhat sensitive to heat. No completely 
satisfactory solvent was f(3imd and the method 
finally adopted was as follows: A portion (4 g.) of 
the first crop was finely powdered and added toll, 
of boiling chloroform. The mixture was refluxed for 
5 min. and filtered. On cooling, 1*10 g. of almost 
eoioiiriess needles were obtained; m.p. 100° after 
sintering at 98°. The undissolved portion, 1*97 g., 
was reworked in subsequent crystallizations. 
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General properties of the metabolic product. Colour- 
less needles, m.p. 100°, which sublime in a high 
vacuum at a bath temperature of 70-80°, though 
not as readily as might be expected of a substituted 
quinol. (Found: C, 59*87, 60*01; H, 5*89, 6*06; 
N, nil; OCH3, nil. C^HgOg requires C, 60*01; 
H, 5*75%. 2*53 active H atoms in pyridine, 0*41 
atoms in anisoie. Kuhn -Roth method gives 0*112 
mol. acetic acid.) 

It is readily soluble in water, ethanol and ether, 
slightly soluble in benzene and chloroform and in- 
soluble in light petroleum. An aqueous solution 
has the following properties: neutral to litmus; 
instantly decolorizes ILMnO^; reduces AgNOg in the 
cold with mirror formation; gives an evanescent 
blue colour with aqueous FeClg, changing almost 
immediately to yellow; reacts with aqueous iodine 
with absorption of two atoms of iodine which is 
slowly lost on titration with thiosulphate; does not* 
react with hydroxylamine even after 24 hr. With 
2N NaOH it gives an immediate yellow colour 
rapidly darkening to strong reddish brown* When 
heated with 2N HgSO^, in which it is readily 
soluble in the cold, it gives in a few seconds a white 
amorphous precipitate. 

It gives nearly complete inhibition of the growth 
of Staphylococcus aureus at a concentration of 
1 : 500, partial inhibition at 1 : 1000 and 1 : 2000 
and no inhibition at 1 : 4000. 

Catalytic reduction of the metabolic product. For- 
mation of toluquinol. A solution of the metabolic 
product (0*5 g.) in ethanol (10 ml.) was hydro- 
genated at ordinary pressure with a palladium- 
norite catalyst prepared from 0*2 g. of PdCig and 
0*5 g. of norite. Hydrogenation, which was slow 
throughout, was discontinued after 8| hr. (Uptake 
of hydrogen, 57*8 ml. (corr.); theor. for uptake of 
2H per moL, 80 ml.) After filtering from catalyst 
the ethanol was removed in vacuo. A mass (0*48 g.) 
of crystals containing some oil remained. This 
material sublimed readily in a water-pump vacuum 
at a bath temperature ofll0-115°. The sublimate 
formed large colourless blades, m.p. 127°, setting 
on cooling and remelting at 127°. Resublimed in a 
high vacuum the sublimate melted at 128°, alone 
or in admixture with authentic, sublimed tolu- 
quinol, m.p. 128°. (Foimd: C, 67*39; H, 6*40. 
Calc, for C^HgOg: C, 67*75; H, 6*50%.) 

Methylation of the metabolic product. A solution 
of tfie metabolic product (2*0 g.) in dry ether 
(25 ml.) was treated with an excess of ethereal 
diazomethane for 3 days. On removal of the solvent 
a reddish oil (2*35 g.) remained, which, on distilla- 
tion in vacuo, gave 1*46 g. of a fairly mobile yellow 
oil, b.p. 140°/3*3 mm. (Found: OCHg, 34*1. 
CgHigOg requires, for 2OCH3, 36*9%.) 

Oxidation of crude dimethoxy derivative. Forma- 
tion of 2 : b-dimethoxybenzoic acid and demethylation 





SUMMARY 


Gentisyl alcohol, 2 : ^-dihydroxyhenzyl alcohol, occurs 
together ^ with patulin as a metabolic product of 
Penicillium paiulum Bainier. Its isolation, identifi- 
cation and synthesis are described. 
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Crystallization on foam (Bader & Sciiutz) ix 
Crystallography, X-ray, of fatty acids (Carlisle & Crovdbot) 
197 

Cystine, precipitation of, from protein hydroWsates (Bailey) 
“365 

Datura stramonium L., synthesis of h^mscyamiiie in 
(Cromwell) 717 

Decarboxylase, acetoacetic acid, of Cl. acetobufyUcniiu 
(Davies) 230 

Dehvdroascorbic acid, detection of (Eearon & Kawerau) 
326 

Dehydro-^aseorbic acid (Pemiey & Zilva) 403 
Dehydrogenase, fatty acid, in adipose tissue (Shapiro & 
Wertheimer) 102 

Denaturation of protein by heat, effect of salts on complex 
formation of (Kleczkowski) 30 
Dental depigmentation, in rat (Moore) 112 
Deoxycholic acid, preparation of, from cholic acid (Hasie- 
wood) 109 

^Deoxycorticosterone acetate, propylene gtycol as solvent 
for (Sharpey-Schafer) v 
Depigmentation, dental, in rat (Moore) 112 
Detoxication, biosynthesis of aminophenvlgiuciironides 
(Williams) 329 ‘ 

^Diabetes, in rabbit, produced by alloxan (Ware) xviii 
Diacetyl, estimation of (Eggleton, Elsden & Gough) 526 
Dicarboxylic acids of edestin, egg albumin and ^-iacto- 
globulin (Cliibnall, Rees & Williams) 372 
Dicarboxjdic acids in protein hydrolysates, estimation of 
(Bailey, Chibnall, Rees & Williams) 360 
Dietary calcium, effect of, on calcification in rat huineriis 
and femur (Bruce & Kassner) 105 
Dietary fat, influence of, on composition of milk fats 
(Hilditch & Jasperson) 238 

Diffusing factors, biological assay of, in guinea-pig (Hum- 
phrey) 177 

Diffusing factors, formation of, hy CL hutylicum (Lythgoe 
& Madinaveitia) 6 

Diffusing factors, hyaluronidase, assay of (McCJean) I()9 
2io-Didiydroxybenzyl alcohol {gentisyl alcohol)^ metabolic 
product of PeniciUmm patulum Bainier (Birkiiisluiw, 
Bracken & Raistrick) 726 

2:3-Diketo-?-gulonic acid, determination of (Ptmnev & 
Zilva) 39 

Dimethyl sulphate, etherification of silk fibroin by (Gonbai, 
Martin & S^mgej 538 

o-Dinitrobenzene, oxidation of ascorbic acid hy (Eeartiii & 
Kawerau) 326 

Dissociation constant, relation of structure of pho.s}>horic 
esters to (Deloiy & King) 547 
^Dissociation constant of urea, bearing ou structure (Bell, 
Gillespie & Taylor) ii 

Dissociation constants of galactose- 1 -phosphoric acid 
(Kosterlitz) 321 

Dog pancreas, purification of pseudo-cholinesterase from 
(Mendel & Mundell) 64 
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Edestin, dicarboxylic and basic amino-acids of {Ohibnall 
Rees & Williams). 372 

Egg albumin, dicarboxylic and basic amino-acids of 
(Cbibnall, Rees & Williams) 372 

Egg albumin, nitrogen content of (CbibnaU, Rees & 
Williams) 354 

Egg albumin, spectrophotometry of tyrosine in (Crammer 
& Neuberger) 302; iv 

Electrophoresis of blood group A specific polysaccharide- 
amino acid complex (Kekwick) 651 
Electrophoresis, fractionation of proteins by (Giitfreund) 186 

Enzymes, levan production by (Hestrin, A vineri- Shapiro & 
Aschner) 450 

Enzymes, oxidizing, and vitamin G, in tomatoes (Wokes & 
0.rgan) 259; i 

Enzymes, proteolytic, action of, on fibrinogen (Hind) 289 

Enzymes, in tea leaf, estimation of oxidizing activity of 
(Sreerangachar) 653 

Enzymes, in tea leaf polyphenol oxidation by (Sreeran- 
gachar) 656 

Enz:V'mes, vitamin C-oxidizing, in tomatoes (Wokes & 
Organ) 259 ; i 

Enzymic hydrolysis of phosphoric esters, relation of striic- 
ture to rate of (Deiory & King) 547 

Escherichia coli, indole production by, inhibition of by 
glucose ( Dawson <& Happold) 3S9 

Ethyiquinone, excretion of by flour beetle (Alexander & 
Barton) 463 

Eye, tissues of, riboflavin and riboflavin adenine dinucleo- 
tide content of (Philpot & Pirie) 250 


Fluorescence, measurement of (Eilinger & Holden) vii 
Fluorescence of tissues in avitaminosis E (Moore & Wang) i 
Fluorescent derivatives of K-methyl-chloro -nicotinamide 
(Coulson & Ellmger) xvii 

Foam, crystallization of bile acids on (Bader & Sehiitz) ix 
Foetal haemoglobin, osmotic pressure of (McCarthy & 
Popjak) xviii 

Food, apparent vitamin C in (Wokes, Organ, Duncan & 
Jacoby) 695 

Food proteins, biological value of ‘(Macrae, Henry & Kon) 
225 


Food, vitamin P potency of (Scarborough) xiii 
Foreman method for estimation of dicarboxylic acids 
(Bailey, Ohibnall, Rees & WiUiams) 360 
Fruits and vegetables, vitamin P in (Coates & Bacharach) iv 


^^^ctose, assimilation of, in liver (Kosteiiitz & Ritchie) 

Galactose, fermentation of (Kosterlitz) 322 
Galactose-phosphate in liver, structure of (Kosterlitz) 318 
Galactose- 1 -phosphate, fermentation of (Kosterlitz) 322 
Galactose-1 -phosphate in liver, estimation of (Kosterlitz 
& Ritchie) 181 

Galactose-1 -phosphoric acid, dissociation constants of 
(Kosterlitz) 321 

Gastric mucin of hog, blood group A sjjecific poiysaccharide- 
amino acid complex from, electrophoresis of (Kekwick) 
651 

Gastric mucm of hog, blood group A specificity of poly- 
saccharide-amino acid complex from (Morgan & King) 
640 


Faeces, phosphatase in (Lawrie) 311 
; Fat in diet, influence of on composition of milk fats 

(Hfiditch & Jasperso,n) 238 

Fats in liver, deposition of action of amino-acids and 
proteins on (Channon, Mills & Platt) 483 
Fatty acid, belieiiic, isolation of, from Mona wax (Reilly, 
Kilbride & Wilson) 195 

Fatty acid dehydrogenase in adipose tissue (Shapiro & 

; .. W'ertheimer) ' 102 ■ 

Fatty acids, aracliidonic and linoleie, structure of (Arcus 
& »Smed,ley-Maciean)' 1 

Fatty acids of milk fets, influence of dietary fat on (Hilditch 
& Jasperson) 238 

Fatty acids, X-ray crystallography of (Carlisle & Crowfoot) 

Femur of young rats, effect of calcium on calcification in 
(Bruce & Kassner) 105 
Fermentation, acetone- butanol (Davies) 230 
r i^ermentation of (Vylon tea, oxidizing enzymes in (Sreeran- 

gachar) 653; 656 

i Fermentation of galactose and galactose- 1 -phosphate 

i (Kosterlitz) 322 

Fibrinogen, action of proteolytic enzymes on (Hind) 289 
Fibrinogen, ii? case of alibrinogenaemia (Pinniger & Prunty) 
xvi, ■,'■■■ ' ' ' ■ ‘ 

Fibrinogam, reducing pro])erties of (Jaqiies) 344 
Fibrinogen, separation of, from "pepsin-inhibitor’ (Hind) 

Fibroblasts, effect of vitamin B on (Paterson & Thompson) 
501 

Fibroblasts, luich^oprotein content of (Davidson & Way- 
mouth) 27 1 

j lubiHun, silk, hydroxyamino-acids in, etherification of, by 

I dimethyl sulphate (Gordon, Martin & S%mge) 538 

Filter pads, growth stimulants in (Hunter) 577 
Filtrate factors in wheaten flours and offals (Copping) 12 
Flour beetle, excretion of ethylqiiinojie by {Alexander & 
Barton) 463 

Flour, vitamin B, in (Aceessorv Food Factors Committee) 

I ^ 433 

I Flours, wheaten, riboflavin, vitamin and flltrate factors 

in (Copping) 12 

Fluorescence eoniparator. construction of (Schuster) 141 
' Fluorescence comparator, determination of porphyrin by 

J (Rimington) 137 


Gelatin, arsanil-azo, non- antigenicity of (Haurowitz, Tunca 
& Schwerin) 249 

Gelatin of cow-hide, partial acid hydrolysis of (Gordon, 
Martin & Synge) 92 

Gentisyl alcohol {2:5-dihydroxybenzyl alcohol)^ metabolic 
product of Penicillium patulum Bamier (Birkinshaw, 
Bracken & Eaistrick) 726 

Glucose, assimilation of, in liver (Kosterlitz & Ritchie) 618 
Glucose in blood, microdiffusion method for determination 
of (O’Malley, Conway & Fitzgerald) 278 
Glucose, inhibition of indole production of Esch. coU by 
(Dawson & Happold) 389 

Glucose- 1-phosphate in liver, estimation of (Kosterlitz & 
Ritchie) 181 

Glucose tolerance equation, intravenous (Greville) 17 
Glucuronides, aminophenyl-, biosynthesis and action of, on 
haemoglobin (Williams) 329 

Glutathione and ascorbic acid, relationship between (Prunty 
& Vass) 506 

Glycoeyamine, effect of, on tumours (Bielschowsky) xv 
Glycogen, phosphorolysis and synthesis of, in animal tissues 
(Shapiro & Wertheimer) 397 
Gramicidin, amino-acid composition of (Gordon, Martin & 
Synge) 86 

GrowTh and acetyl lysine (Xeuberger & Sanger) 515 
Growth factor of Corynehmterium difhiheriae (Chattaway, 
Happold & Sandford) xvi 

Growth factor in jiancreatin (Davidson & Waymouth) xvi 
Growth stimulants in Alter pads (Hunter) 577 
Guinea-pig, as test animal for assay of diffusing factors 
(Humphrey) 177 

Gulonic acid, 2:3-diketo-Z-, determination of (Penney & 
Zilva) 39 

Haematins, effect of caffeine and iminazoie compounds on 
(Keilin) 281 

Haemoglobin, absorption spectrum of (Jope, Jope & 
O’Brien) ix 

Haemoglobin, action of aminophenylglucuronides on 
(Williams) 329 

Haemoglobin, foetal, osmotic pressure of (McCarthy & 
Popjak) xviii 

Haemoglobin methods (King, Gilchrist & Delory) xix 
Haemoglobin, 0., capacity, iron content and absorption 
spectrum of (Jope, Jope & O’Brien) ix 
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liauniogiobin, varieties of (Fox) xxii 
^^'Haemoglobinuria, ‘march’, in a soldier (Mitchell & 
Palmer) v 

Halide, influence of, on metabolism of PeniciUium sdero- 
tionim van JBeyma (Reilly &> Curtin) 36 
Halogenated phenols, metabolism of (Zondek & Shapii’o) 
592 

Haexnoton, G. R. Resignation of, from post of senior 
editor 165 

» Heparin, reaction of, with proteins and bases (Jaques) 1S9 
Hexose-1 -phosphates, in liver, estimation of (Kosterlitz & 
Ritchie) 181 

=^Histaminase in normal and toxaemic pregnancy (Kapeller- 
Adler) xii 

Histidine, excretion of, in urine (O’Brien & Quelch) xvii 
Hog, gastric mucin of, blood group A specific polysaccharide- 
amino acid complex from, electrophoresis of (Kekwick) 
651 * 

Hog, gastric mucin of, blood group A specificity of poly- 
saccharide-amino acid complex from (Morgan & King) 
640 

Humerus of yoimg rats, effect of calcium on calcification in 
(Bruce & Kassner) 105 ' 

Hyaluronic acid, antigenic properties of (Humphrey) 460 
Hyaluronidase, assay of (McClean) 169 
Hydrocarbons, aromatic, aerobic oxidation of (Warren) 338 
Hydrogen ion concentration, effect of, on thermal decom- 
position of aneurin and co-carboxylase (Booth) 518 
Hydrolysis, enzymic, of phosphoric esters, relation of 
'structure to rate of (Delory & King) 547 
Hydrolysis, partial, of cow-hide gelatin (Gordon, Martin & 
Synge) 92 

Hydroxyamino- acids in silk fibroin, etherification of, by 
dimethyl sulphate (Gordon, Martin & Synge) 538 
. 8-Hydroxy-benzpyrene, conversion of benzpyrene to 
(Weigert & Mottram) 497 

Hvoscyamine, role of putrescine in synthesis of (Cromw’-ell) 
722 

Hyoscyamine, synthesis of, in Atropa belladonna L. and 
DaHira stramonium L. (Cromwell) 717 

I min azole compounds, effect of, on haematins (Keilin) 281 
Immunochemistry, blood group A specificity of poly- 
saccharide-amino acid complex from hog gastric mucin 
(Morgan & King) 640 ■ 

Indole production by Escli. coU, inhibition of, by glucose 
(Dawson & Happold) 389 

Injury and protein metabolism (Munro & Cuthbertson) xii 
Inositol in animal tissues, estimation of (Platt & Glock) 
709 

Insects, sterol requirements of (Fraenkel & Blewett) 692 
Insects, vitamin B requirements of (Fraenkel & Blewett) 
686 , ^ , 

Insulin, spectrophotometry of tyrosine in (Crammer & 
Neuberger) 302 ; iv 

lodinin, antistreptococcal action of (Mcllwain) 265 
lodometric determination of arsenic (Levvy) 598 
Iron content of haemoglobin (Jope, Jope & O’Brien) ix 
Isoeitrate, molybdate complexes of, eJBfect of citrate on 
rotation of (Krebs & Eggleston) 334 
Isocitric acid, determination of (Krebs & Eggleston) xv 

a-Ketobutyrio acid, oxidation of, by pigeon brain, effect of 
phosphate and adenine nucleotide on (Long) 215 

jS-Laetoglobuim, dicarboxylic and basic amino-acids of 
(ChibnaU, Rees & Williams) 372 
Lead in blood, spectrographic determination of (Tracy & 
McPheat) 683 

Levan, enzymic production of (Hestrin, Avineri-Shapiro & 
Aschner) 450 

Linoleic acid, structure of (Arcus & ^medley-Maclean) 1 
Lipids, effect of, on osmotic pressure of serum proteins 
(Popjak & McCarthy) 702; xviii 
Liver, bear and seal, vitamin A content and toxicity of 
(Rodahl & Moore) 166 


Liver catalase (Lemberg & Legge) 117 
Liver fats, action of amino-acids and proteins on (Chamion, 
Mms& Piatt) 483 

Liver, galactose phosphate in, structure of (Kosterlitz) 

' 318 

Liver, glucose and galactose assimilation in (Kosterlitz & 
Ritchie) 618 

Liver, glucose- 1 -phosphate and galactose- 1 -phosphate in, 
estimation of (Kosterlitz & Ritchie) 181 
Lugg’s method for determination of ^ascorbic acid (Snow 
& Zilva) 630 

Lysine, acetyl derivatives, of, and growth (Neuberger & 
Sanger) 515 

Lysine deficiency (Harris, Neuberger & Sanger) 508 

Magnesium reserves of skeleton, replenishment of (Duck- 
worth & Godden) 595 

Malaria, avian, action of cinchona alkaloids on (Baraiiger 
& Thomas) 342 

Malate, molybdate complexes of, effect of citrate on rotation 
of (Krebs & Eggleston) ^ 334 
Malt extract, vitamin Bj in (Wokes & Organ) iii 
Mammalian tissues, ribonucleic acid content of (Davidson 
& Waymouth) ^ xi 

March’ haemoglobimiria in a soldier (Mitchell & Pabner) 

,, V 

^Metabolism of azo compounds (Elson & Warren) ix 
Metabolism of bacteria, function of pantothenate in (Hills) 
418 

Metabolism of benzpyrene (Weigert & Mottram) ^ 497 
Metabolism of blood tetrapyrrolic pigments (O’Brien) xxiv 
Metabolism of butyric acid in animal tissue (Kleinzeller) 
678: ■ ■ . . ■ ^ . 

Metabolism of halogenated phenols (Zondek & Shapiro) 
592 

Metabolism of micro-organisms, PenicilUuni patulum 
Bainier (Birkmshaw, Bracken & Raistrick) 726 
Metabolism of PenicilUmn scleroUomm van Beyma^ 
influence of halide on (Reilly & Curtin) 36 
Metabolism of proteins, response of], to injury (Munro & 
Cuthbertson) xii 

Metabolism of salicjdic acid (Lutwak-Mann) 246 
Metabolism of stibophen (Goodwin & Page) 482 • 
Metbaemoglobin, reduction of, by ascorbic acid (Gibson) 
615 

Michaeiis constant, relation of structure of phosphoric 
esters to (Delory &; King) 547 
Microdiffusion method for blood glucose (O’Malley, Con- 
way & Fitzgerald) 278 

Micro-organisms, metabolism of Penicilliuni patulum 
Bainier (Birkinshaw, Bracken & Raistrick) 726 ' 

Milk fats, influence of dietary fat on composition of (Hil- 
ditch & Ja'sperson) 238 

Millon reaction for determination of chiorophenols (Zondek, 
Shapiro & Hestrin) 589 

Molybdate complexes, effect of citrate on rotation of 
(Krebs &; Eggleston) 334 

Mona wax, isolation of behenic acid from (Reilly, Kilbride 
Wilson) 195 

Mona wax, X-ray crystallography of fatty acids of (Carlisle 
& Crowfoot) 197 

Mycobacterium^ respiration and nutrition of (Edson & 
Hunter) 563 

Naphthaquinone, as antagonist of antistreptococcal action 
of iodinin (Mcllwain) 265 

Nicotinamide, N-methyl-chloro-, fluorescent deriv^atives of 
(Coulson <fe Ellinger) xvii 

Nicotinic acid in urine, estimation of (Wang & Kodicek) 
530 

Nitrogen content of proteins (CMbnaii, Rees & Williams) 
354 

Nncleoprotein in fibroblasts (Davidson & Waymouth) 271 
Nucleotide, adenine, effect of, on oxidation of a-keto-acids 
(Long) 215 

Nutrition of Mycobacterimn (Edson & Hunter) 563 
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Obituary notice of Ernest Walker 449 ■ ' : ' 

Obituary notice of William John Young 165 
Offals, ribofla^nn, vitamin Be and filtrate factors in (Con- 
ping) , 12 

Osmotic pressure of ‘■defatted’ Iiiiman ■ seium (Popiak & 
McCarthy), 702; xviii 

0§motic pressure of foetal haemoglobhi (McCarthy & 
Popjak) xviii 

Oxalate in blood (Barrett) 254 
^•=Oxidase system in potato tuber (Boswell) xiv 
Oxidase system in tea, nature of (Sreerangachar) 661 
Oxidase in tea, prosthetic group of (Sreerangachar) 667 
• Oxidation of acetic acid in Acetohacter turUdmis (Tosic &; 
Krebs) xy 

Oxidation of acetic acid in animal tissue (KleinzeUer) 674 
Oxidation, aerobic, of aromatic hydrocarbons (anthracene 
^ and 3:4-beiizpyrene) (Warren) ^338 
Oxidation of ascorbic acid by o-dinitrobenzene (Eearon & 

. Kawerau) 326 

Oxidation of butyric acid in animal tissue (KleinzeUer) 

Oxidation of a-keto-acids, effect of adenine nucleotide on 
(Long) 215 

Oxidation of polypiienois by tea enzymes (Sreerangachar) 
656 

Oxidation-reduction potentials and bacteriostatic activity 
of quinones (Page & Robinson) ^v 
Oxidizing enzymes in tea leaf; estimation of (Sreeran- 
gacliar) 653 

Oxidizing enzymes and vitamin C in tomatoes (Wokes & 
Organ) 259; i 

Oxygen ea-paeity of haemoglobin (Jope, dope & O’Brien) 
ix 

Pancreas of dog, purification of pseudo-cholinesterase from 
(Mendel & Mundeli) 64 

Pancreatin,, tissue ^ growth factor in (Davidson & Way- 
mouth) ' xvi ' 

Pantothenate in bacterial metabolism (Hills) 418 
Pantothenic a-cid, biological assav of (Bacon & Jenkins)' 
492 

Pantothenic acid, rat growth method for assay of (Bacon 
& Jenkins) v 

Pantoyltaurine, resistance of ba,cteria to (Mcliwain) xiii- 
Paitition chromatograi>hy of amino-acids and peptides 
(Gordon, Martin & Synge) xiii 
Ftnicillkuti. patulunh Bainier, production of gentisyl alcohol 
{2:0’dihydro:vyhenzyl alcohol) by (Birkinsliaw, Bracken & 
R.aistrick) 726 

Petucillium: sclerotioruni ^-an Beyma, metabolism of, in- 
liucnce of halide on (Reilly & Curtin) 36 
PcnicUUumi sclewtiorua^. van Beyma, sclerotiose, metabolite 
of (Albericci, Curtin & Reilly) 243 
\Pepsiii-inhibitor’, separation of fibrinogen from (Hind) 
293 

Peptides and amino-acids, partition chromatography of 
t Gordon, Martin & Synge.) xiii 

Phenol phtlialein phosphate, for testing phosphatase in 
bacteria (Bray & King) v 

Phenols, halogenated, metabolism of (Zondek & Shapiro) 
592 

* Phosphatase in bacteria, phenolphthalein phosphate for 
testing of .{Bray & King) v ■ . - 

l^lioBphatase in faeces (LawTie) 311 
Phos})hate, effect of, on oxidation of a-keto-acids (Long) 
215 

Phosphoric esters, enzymic hydrolysis of (Delory & King) 

_ 547 ' . 

Phosphoric esters, relation of structure of, to dissociation 
and i\tichjielis constants and rate of enzymic hj^drolysis 
( I )eIory & King) 547 

Pliosphorolyais of glycogen in tissues (Shapiro & Wert- 
heimer) 397 

Phosphorus, determination of (Holman) 256 
Phosphorylase in animal tissues (Shapiro & W'ertheimer) 
397 


Photoelectric absorptiometer, Spekker, application of, to 
determination of vitamin C (Taylor) 54 
Photoelectric colorimeter (Bell & Smellie) xii 
Pig, nutritive value of potato protein for (Hutchinson, 
Bacon, Macrae & Worden) 550 
Pigment, loss from rat teeth (Moore) 112 
Pigments, tetrapyrrolic, of blood, metabolism of (O’Brien) 
xxiv ■ ' , ' ' . 

Plant . viruses, examination of, in ultracentrifuge (Ogston) 
78- . 

Plant viruses, inactivation of (Bawden & Piiie) . 70 
Plant viruses', puri^cation of (Bawden & Pirie) 66 
Plants, cryptogam, proteins of (Lugg) 132 
Plants, tetrapyrrols in (Hill) xxiii 

Plasma ]jrotelns, in case of afibrinogenaemia (Pimiiger ^ 
Prunty) xvi . 

Plasma proteins, effect of, on blood sedimentation rate 
(Gordon & Wardley) 393 

'^'Plasma, vitamin A and carotene in (Dziaoszynski, Myst- 
ko%vski & Stew^art) xi 

Plasma, vitamin C in, correlation of, with urinary saturation 
tests (Prunty & Vass) xviii 

Polarography of antimonial compounds in urine (Goodwin 
& Page) 198 

Pol 3 rphenol oxidation by tea enzymes (Sreerangachar) 656 
Polysaccharide-amino acid complex, blood group A spe- 
cificity of (Morgan & King) 640 
Polysaccharide-amino acid complex from hog gastric mucin, 
electrophoresis of (Kekwick) 651 
Porphyrin, determination of; by fliioreseence comparator 
(Rimington) 137 

Porphyrinopathies (Rimington) xs?v 
Porphyrins, determination of, fh urme (Rimington)' 443; 
viii 

Porphyrinuria, acute idiopathic, case of (Kench) ii 
Potato protein, nutritive value of, for pig' (Hutchinson, 
Bacon, Macrae & Worden) 550 
Potato protein, nutritive value of, for pig, statistical analysis 
of (Iiwin & Hutchinson) 561 
’^Potato tuber, oxidase system in (Boswell) xiv 
Potatoes, vitamin B^ content of (Meikiejohn) 349 
^Pregnancy, normal and toxaemic, histaminasein (Kapeiler- 
Adler) xii 

Pregnancy, toxaemia of, and vitamin Bj (Kapeller- Adler 
Cartwright) ii 

^Propylene glycol as solvent for deoxycorticosterone ace- 
tate (Sharpey-Schafer) v 

Protein complexes, effect of salts on formation of, during 
heat denaturation (Kleczkowski) 30 
Protein constituents, chromatography in study of (Gordon, 
Martin & Synge) 79 

Protein, fibrinogen, reducing properties of (Jaques) 344 
Protein, fibrinogen, separation from ‘pepsm-inMbitor’ of 
(Hind) 293 

Protein hydrolysates, dicarboxylic acids in, estimation of 
(Bailey, Chibnall, Rees & Williams) 360 
Protein hydrolysates, precipitation of cystine from (Bailey) 
365 

Protein metabolism and injury (Munro & Cutlibertsoii) 
xii 

Protein in potato, nutritive value of, for pig (Hiitcliinson, 
Bacon, Macrae & Worden) 550 
Protein in potato, nutritive value of, for pig, statistical 
analysis of (Irwin & Hutchinson) 561 
Protein substitute, urea, in feeding of cattle (Owen, Smith 
& Wright) 44 

Protein, synthesis and breakdown of, in bovine rumen 
(Pearson & Smith) 153 

Proteins, action of, on liver fats (Channon, Mills & Platt) 
483 

Proteins*, biological value of (Macrae, Henry & Kon) 225 
Proteins of cryptogam plants (Lugg) 132 
Proteins, edestin, egg albumin and /8-lactoglobulin, di- 
carboxylic and basic amino-acids of (Chibnall, Rees & 
Williams) 372 

Proteins, electrophoretic fractionation of (Gutfreund) 186 
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Proteins in food at Eoyal Air Force Stations, bioiogical 
value of (Macrae, Henry & Kon) 225 
Proteins, nitrogen content of (Cbibnall, Rees & Williams) 

'■ ' ' 354 . ' 

Proteins of plasma, in case of afibrinogenaemia (Pmniger 
& Pruiitv) xvi 

Proteins of plasma, effect of, on blood sedimentation rate 
(Gordon & Wardley) 393 
Proteins, reaction of heparin with (Jaques) 189 
Proteins of serum, effect of lipids on osmotic pressure of 
(Popjak & McCarthy) 702; xviii 
Proteins, spectrophotometry of (Crammer & Neuberger) 
302; iv 

Proteolytic enzymes, action of, on fibrinogen (Hind) 289 
Pseudo- cholinesterase (Mendel & Rudney) 59 
Pseudo -cholinesterase and cholinesterase, specific test for 
(Mendel, Mundeli & Rudney) 473 
Pseudo-cholinesterase from dog pancreas, purification of 
(Mendel & Mundeli) 64 

Putrescine, in synthesis of hyoscyamine (Cromwell) 722 
Pyrogallol, protection of tocopherol by (Moore & Tosi6) 
xiv 

Pyruvic acid, oxidation of, by pigeon brain, effect of 
phosphate and adenine nucleotide on (Long) 215 

Quinones, relationship between bacteriostatic activity and 
oxidation-reduction potentials of (Page & Robinson) v 

*Rabbit, diabetes in, produced by alloxan (Ware) xviii 
Rabbit, excretion of sulphanilamide derivatives in bile of 
(Barber, Bible & Haslewood) vi 
Rat, assay of pantothenic acid with (Bacon & Jenkins) 492 
Rat, dental depigmentation in (Moore) 112 
Rat, femur and humerus, effect of calcium on calcification 
in (Bruce & Kassner) 105 

Rat growth method for assay of pantothenic acid (Bacon 
& Jenkins) v 

Rat, lysine deficiency in (Hams, Neuberger & Sanger) 508 
Rat, rickets in, efficacy of calcium salts in prevention of 
(Yudkin) 543 

Rat uterus, in vitamin E deficiency (Sweeten) 523 
Reducing properties of fibrinogen (Jaques) 344 
Reductones, determination of ascorbic acid in presence of 
(Levy) 714 

Respiration of Mycohacterimn (Edson & Hunter) 563 
Riboflavin adenbxe dinucleotide in ocular tissues (Philpot 
& Pirie) 250 

Riboflavin in cereals, microbiological and fluorometric 
assay of (Barton-Wrigbt & Booth) 25 
Riboflavin, microbiological assay of (Chattaway, Happold 
& Sandford) 298 

Riboflavin in ocular tissues (Philpot & Pirie) 250 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 

The 225th Meeting of the Biochemical Society was held at King’s Golkge, Strand, 
London, W.G. 2, on Saturday, December \Qth, 1942, at 2 p.m., when the following papers 

tmTeread:' 

The Fluorescence of the Tissues In Avitaminosis E. By T. Moore and Y. L. Wang' 

It has been previously reported that the uteri of rats restricted to a diet deficient in 
vitamin E show a marked brown discoloration/^ Exposure to the irradiation of a mercury 
arc lamp, screened with Wood’s glass, has now been found to evoke a characteristic 
yellow or bronze-coloured fluorescence. This fluorescence allow^s a much more delicate 
test for vitamin-E deficienc}?^ than the inspection of the affected tissues in visible light. 
Thus in early stages of deficiency strong yellow fluorescence is exhibited before the 
appearance of noticeable discoloration. Moreover, in the later stages of deficiency 
fluorescence is displayed throughout the skeletal musculature and in many other tissues 
of the body, which do not appear grossly abnormal in visible light. No yellow fluores- 
cence w^as shown by the urinary bladder, brain, lungs or foetuses contained in a dis- 
coloured uterus. The yellow fluorescent substance has been concentrated by a process 
involving hydrolysis of the tissues with barium hydroxide, acidification, extraction with 
i^u-butanol, transfer to dilute alkali, precipitation with acid and further purification by 
mild oxidation. The final product is a brownish yellow amorphous powder, ;wrhich is 
soluble in butanol but almost insoluble in ether, chloroform or benzene. It has acidic 
properties, and in its fluorescence and solubility resembles the bnelanins’ formed by the 
acid hydrolysis of proteins. A similar substance has been isolated from the brOwn 
atrophied heart of an aged woman. Further investigations of the properties of the 
fluorescent substance are in progress. 

xMartin, A. J. P. k Mooro, T. [19361. Ohem. Ind, 55, 236; [1938] ibid. 57, 973; [1939] J. Hyg., Gamh., 
"39, 643. ■' ’ ... . 


Oxidizing Enzymes and Vitamin G in Tomatoes. By F. Wokes and J. Cl. Organ^' 

Tlu* cooeentration of oxidizing enzymes is very high in the skin, fairly high in the flesh 
and very low in tlui juice of unripe and ripe tomatoes. The skin remains alkaline (pH 8-0- 
IM)) throughout ripening, l>ut the pH of the flesh gradually falls to below 5 as ripening 
proceeds. The Juice appears always to be acid (pH 4-5) in both unripe and ripe tomatoes. 
Destnufllon of vitamin, G by ascorbic acid oxidase liberated from the tissues by grinding 
them witii c[uartz sand is most rapid in tlie unripe skin (where 60-80 % may be lost in 
1 min.), and rather less rapid in the flesh and juice of unripe green tomatoes. In ripe 
tomatoes the rate of destruction in the skin is almost as rapid as in unripe tomatoes, 
but much slower in the flesh and juice. In harmony wdth these findings, mincing of 
whoh unripe tomatoes causes much more rapid loss of the vitamin than mincing of ripe 
tomatoes.* The concentration of vitamin C is about twice as high in the skin as in the 
flesh and juic^e. The concentration of the vitamin in. smaller tomatoes, in which the skin 
forms a, larger proportion of the total wight, may be a little higher, but the difference is 
not suificicnt to discredit the findings of Sansome & Zilvaf on polyploidy, as McHenry & 
Graham I had suggested. 

* Wokes, T & Organ, Joan G. [1942].^ Nature, 150, 523. 

t .Sansoiae, K. W. & Zilva, S. B. [1930]. Biocliem. J. 30, 54. 

I McHenry, K. \V. & Oraluim, M. [1935]. Biochem. J. 29, 2013. 
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The Bearing of the Dissociation Constant of Urea on its Structure. By J. Bell, 
W. Gillespie and D. B. Taylor 
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The Chemical Findings in a Case of Acute Idiopathic Porphyrinuria. By J. E. Eee ch 


A case of this unnsiial condition was admitted to the Manchester Royal Infirmary under 
the care of Dr P. R. Ferguson, to whom I am indebted for the opportunity of making 
the investigations now reported. 

The patient was a man of 27 whose symptoms were typical of porphyrinuria of the 
acute idiopathic type. For several years he had suffered from: attacks of acute abdominal 
pain, accompanied by constipation, paralysis of the arms and bilateral mist drop. 
Seventeen days after admission to hospital he had another periodic attack which proved 
terminal. 

The urine was daidk reddish brown, acid in reaction, and exhibited the two well-defined 
absorption bands at 580 and 542 mfi characteristic of the metaluroporphyrin complex 
excreted in this disease. Acidification with hydrochloric acid caused the absorption 
bands to move to 600 and 557 m/x, whilst removal of the metal by treatment with sodium 
amalgam, followed by reoxidation, gave the free porphyrin spectrum. No protoporphyrin, 
could be detected in the urine. The coproporphyrin values were 163 /xg./litre before the 
attack and 128, 43 and 148 /xg./litre during the attack, consisting of approximately 
equal amounts of isomers I and III. 

After removal of ether-soluble porphyi*ins, uroporphyiin was separated by adsorption 
on Brockmann^s alumina at pH 6*5, after boiling the urine for 5 min. at pH 3*7. The 
pigment was eluted with dilute ammonia, repreeipitated at pH 3*7, esterified in acid 
alcohol, and purified in the usual way. 191 ing. of uroporphyrin III methji caster, 
in.p. 250°, mixed m.p. 249-257°, were obtained, representing 48 mg./litre of urine. 

No uroporphyrin I was found, and these findings were confirmed by decarboxylation 
to the corresponding coproporphyrin III. 

A specimen of stools collected in the remission period contained 0*13 mg. copropor- 
phyrin per 100 g. fresh material (predominantly series III). The pigment excretion 
during the attack had risen to 1*81 mg./lOO g. coproporphyrin. No uroporpliyriri could 
be detected at any time. 

The Kver at autopsy exhibited diffuse passive congestion, the pigment content bcfing 
1L2 mg. coproporphyrin III and 50 p;g. protoporphyrin (determined by ultraviolet 
fiuorimeter). ' . , , ' - ' ' 

No porphyrin cQuld be detected in the blood either spectroscopically or by ultraviolet 
fluorescence, which may be considered evidence of the rapid and easy excretion of these 
pigments.f ■ ■ . , . 

•*' lUmington, G. [1938]. 

t Turner, W. J. [1938]. Arch. Int. 61, 702; 


Vitamin and Toxaemia of Pregnancy. By R. Kapellee- Adler and .J. xA. 
; CaEXTWEIGHT 


Niiieteen cases of pre-eclamptic toxaemia, eleven mild and eight severe ones, were treated 
with vitamin B^ (‘Benerva’). The treatment consisted usually of a course of ten intra- 
muscular injections, 25 mg- of vitamin B^ having been used on the first day and 10 mg. 
of vitamin B^ on each of the following 9 days, but in some cases 10 mg. of vitamin B^ 
were given orally instead of injections and a few patients received both. 

In no case was there any beneficial effect which could be attributed to the vitamin B| 
and in some severe cases the vitamin seemed to accentuate the toxaemie symptoms. 

The vitamin appeared to affect the histamine metabolism in these caKses, diininishing 
the urinary excretion of histamine. 


iThe Editors ol the Biochemical Journal accept no responsibiUly for the Beporis of the 
of me Soom,. Al.troeU of rood JrLiooi fooJLZU^] 
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Meeting of the Biochemical Society was heU at the British Postgraduate 
Medical School, Ducane Boad, Hammersmith, If. 12, on Saturday, 20 FebruJryim 

cit leu noon, when the following papers were read: ^ ^ 

Vitamin in Malt Extract. Bj F. Wokes and J. G. Oegan 

Vitamin in five different samples of malt extract was estimated by the thiochrome 
method using the technique ot NichoUs, Booth, Kent- Jones, Amos & Ward,* and 
apparatus calibrated as previously described.f The results of over 200 consecutive assays 
summamed in the accompanying table, when compared with microbiological results by 

dustn?- following con'- 

(1) Queiiching common m vitamui Bj assays by the thiochrome method causes results 
to bo too low With malt extract the thiochrome results, if not corrected for quenching 

ma}^ be less than a tenth of the microbiological values. 
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Unwashed 


. 



1 

A 

16 

21-35 

5-40 

61*9 

± 9*9 

82*3 

±4*2' 

63*5 

19*7 

2 

B 

16 

15-26 

5-40 

80*5 

±13*9 

87*3 

±4*1 

67*2 

18*2 

3 

Q 

16 

16-27 

5-40 

42*5 

± 6*9 

75*0 

±5*4 

64*4 

28*0 





Mean 

61-6 


81*5 


65*0 

21*9 




Washed with isobutanol to 

remove quenching substances 



4 

A ■ 

16 ' 

21-35 

5^0 

68'6 

± 7*0 

87*5 

±1*9 

27*9 

8*5 

f) 

B 

16 

15-26 

5-40 

63*3 

±101 

83*0 

■ ±3*0 

61*6 

14*3 

6 

B 

16 

15-26 

5-40 

100 

±16*1 

93*0 

±1*9 

63*0 

8*1 

7 

C 

16 

16-27 

5-40 

59*4 

± 6*0 

92*0 

±5*9 

39*8 

25*1 





Mean 

72*8 


88*9 


48*1 

14*0 




W'ashed and using high concentrations of added aneurin 



8 

A 

16 

52-4)9 

5-40 

90*2 

± 3*6 

93*9 

' ±2*2 

14*5 

8*7 

9 

.B 

16 

42-59 

5-40 

97*0 

± 8*8 

95*0 

±5*0 

35*6 

20*7 

.10 

.B 

Ki 

42-rj9 

5-40 

"75*8 

± 3*5 , 

83*4 

±1*9 

17*9 

9*1 

11 

(J 

16 

42-i59 

5-40 

89*7 

± 5*0 

94*9 

±3*1 

22*0 

12*7 

-fc 




:Mean 

88*2 


91*8 


22*5: . 

12*8 




Fortified with extra aneurin in form of veast 




Uiiwash< 

'id 










12 

i) 

13 

85-97* ■ 

5-20 

96*0 

± 5-5 

99*0 

±2*6 

17*1 

7*9 

13 
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6 

88-91 

5-20 

96-8 

± 8-5 

97:2 

■ ±3*5 

21*5 

8*9 




Weighted mean 




18*5 

8*2 ‘ 

Washed 











14 

E 

6 

88-01* 

5-20 

98*0 

±4-9 

98*5 

±2*0 1 

[ 12*1 

5*9 


^ lacludeii aaeuriii addetl as yeasfc and as pure aneurin. Standard deviations are for the mean result of 

all the assays in eadi series. 

(2) Correction for quenching is usually based on the percentage recovery of added 
aneurin. This may deviate widely from the true percentage recovery (i.e, of total aneurin 

h 
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calculated from microbiological results), causing tlie thiochrome results [a) to be much. 

too low, (6) to have a very high coefficient of variation. 

(3) Part of the quenching can be eliminated by washing the aqueous extract with 
isobutanol as recommended by Wang k Harris. § This brings the results nearer to the 
microbiological values and also reduces the coefficient of variation, but the latter is still 
about six times the combined coefficients of variation of the thiochrome and micro- 
biological methods as determined by replicate analyses. 

(4) Flooding with aneurin (i.e.‘ markedly increasing the proportion of added aneurin) 
combined with washing with isobutanol reduces the deviation from the microbiological 
values to a very low amount and the coefficient of variation to about twice the combined 
coefficients of the two methods. 

(5) Since in over 200 consecutive assays the coefficient of variation was always greatly 
reduced by calculating results on recoveries of total instead oi added aneurin the latter 
causes much of the experimental error of the thiochrome method. Low results on certain 
foodstuffs obtained by other workers using this method are probably largely due to 
inadequate compensation for quenching, which may help to explain deviations between 

thiochrome and biological results already observed by Harris & Wang. II 

(6) Comparison of aneurin content with diastatic power (old Lintner) gave: D.P. 12, 
3*85 jag./g. ; D.P. 112-132, 5-6~5-7 /xg./g., in agreement with earlier findings of Bacharach 
k Allchornelf that a higher D.P. was associated with higher content of vitamin B complex. 

■ * Nicholls, J. Bu, Booth, B. G., Kent- Jones, B. W-, Amos, A. J. & Ward, H. H. [1942], Analyst, 67, 15. 

t Wokes, F. & Still, B. M. [1941]. GUm, dh Ind. 60, 722; Wokes, F., Organ, J. G. & Jacoby, F. C. [1942], , 
Proc. Biochem. Soc. 36, vii. 

t Schultz, A., Atkin, L. Frey, C. N. [1942]. Industr, Engng Ghem, (Anal, ed.), 14, 35. 

§ Wang, Y. L. & Harris, L. J. [1939]. Biochem, J . 33, 1356. 
ji Harris, L. J. & Wang, y. L. [1941]. PiocAew. J. 35, 1050. 

Bacharach, A. L. & Allchorne, E. [1928]. Biochem, J, 22, ZIZ, 


The Vitamin P Activities of some British Fruits and Vegetables, By M. E. Coates 
and A. L. Bachabach 

By the method previously described* biological tests have been carried out to compare 
the vitamin P activities of between 20 and 30 different vegetables or fruits and that of a 
provisional standard preparation, a^ water-soluble concentrate of citrus origin. x4ctivities 
ranging from 0 (lentils) to 132 units (spinach) per IQO g. have been found. Full assays 
were carried out on 11 different vegetable products, wLich were contemporaneously 
tested for ascorbic acid content. There was no correlation. The vitamin P activity also 
bore little if any relationship to the colour of the product tested. The vitamin P content 
of peas was doubled after a few days’ germination, but the ascorbic acid content increased 
nearly 20-fold. 

Bacharach, A. L., Coates, M. E. & Middleton, T. B. [1^42], Biochem, J, 36, 407; Bacharach, A. L. & 
Coates, M. E. [1942]. 67, 313. 


The State of Tyrosine in Egg Albumin and Insulin as shown by Spectrophotometric 
. Titration.: By J, L, ■'Cbammeb and A.^NEtiBEBGEB ■■ 

The change of the ultra-violet absorption spectrum of tyrosine with pH has been utilized 
to estimate the pK of the phenolic group in tyrosine, in diiodo-tjTosine and in proteins. 
The pA obtained for the two amino-acids agrees well with the values obtained b3^" other 
methods. In insulin it can be shown that the phenolic groups are free, i.e. able to ionize, 
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and that the is displaced towards higher values. This is due to the negative charge of 
the molecules in alkaline solution. In negative egg albumin the phenolic groups cannot 
ionize; this is probably due to the fact that the phenolic groups are bound in a linkage, 
possibly a hydrogen bond. On denaturation this bond is broken and the phenolic groups 
ionize normally. It is believed that such linkages of phenolic groups are of major im- 
portance for the structures of native protein molecules. 


An Examinatioii of the Relationship between the Bacteriostatic Activity and the 
, Oxidation -Reduction Potentials of Substituted Quinones. By J. E. Page and 
E. A. Robinson 

Several workers have suggested that there might be a simple relationship between the 
oxidation-reduction potential of a substance and its antibacterial and related activities, 
and it was considered that the series of highly antibacterial quinones tested against 
strains of Staph, anmus and of Bad. coli under standard conditions by A. E. Oxford,* 
appeared to offer an opportunity of testing this theory. 

Wef examined the behaviour at the dropping mercury electrode of a number of mould 
metabolites and related quinones in acetate-buffered 75 % alcoholic solution and calculated 
the oxidation-reduction potentials {Eq) d.i p'K 7-0 of these substances from their half- wave 
potentials. We failed to find a direct relationship connecting the reduction potential of 
these quinones vdth their bacteriostatic activity against strains of Staph, aureus and 
Bad. coli, but observed that, for Staph, aureus, the reduction potentials of all the active 
quinones examined to date fell between certain limits. 

^ Oxford, A. E. [1942]. 

f Page, J. E. & Robinson, F. A. [1943]. J. chem. Soc. (in the Press)., ^ 


A Rat Growth Method for the Assay of Pautothenic Acid. By J. S. B. Bacon and 
G. N. Jenkins. 

A supplement to a basal diet apd synthetic vitamins was sought which should provide the 
hitherto unidentified growth factors of the vitamin B complex But should contain no 
pantothenic acid. Acid arid alkaline hydrolysates of liver extracts did not fulfil thfe above 
condition, as the pantothenic acid was not destroyed completely. Wheat germ, however, 
fed at a level of 0-5 g. per day fulfilled these conditions approximately. A satisfactory 
curve w'as constructed relating growth of rats to dosage of pantothenic acid over a range 
of O-lOOp daily given to rats receiving basal diet, synthetic B vitamins and wheat germ. 

This result provides a rat growth method for assaying pantothenic acid in foods. 


Propylene Glycol as a Solvent for the Intravenous Injection of DOGA, By 

E. P. SHABPEy-SCHAEER 


‘ March’ Haemoglobinuria in a Soldier. By H. S. Mitchell and R. A. Palmer 


Phenolphthalein Phosphate as a Reagent for Studying the Phosphatase Content 
of Organisms. By J. Bray and E. J. Kino 
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Concentration of Sulphanilamide Derivatives in Bile of Rabbits. By Maby Barbee, 
J. H. Bible and G. A: B. Haslewood 

A compound of cholic acid' and sulphanilamide (sulphacholazine) having the formula 

JJ.CO.NH.NH.SOa— NHj 
\=/ 

(i2 = eholyl) was prepared by one of us* in the hope that it might be concentrated in 
the bile. This compound has considerable bacteriostatic activity %n vitro against (Sjre^. 
haemolyticm and Strep- pneumoniae, but little or none agamst members of the cohform 

group of organisms. . i u -i 

A series of rabbits have been injected intravenously with sulphacholazine, sulphanil- 

amide and sulphapyridine respectively. Attempts have been made to estimate ^e con- 
centration of each substance reached in the bile by means of the diazo reaction after hrst 
precipitating the bile with alcohol. This reaction produced no colour with bile from normal 
rabbits, and the red colour which developed in the bile of the experimental ammals was 
compared in a colorimeter with that of a known standard of the compound originally 
injected. These experiments indicate that sulphacholazine reaches a high concentration 
in the bile of rabbits, whereas sulphanilamide and sulphapjTidine are never present m the 
bile except in very small amounts. Attempts to demonstrate that bile containing high 
concentrations of sulphacholazine is more bactericidal in vitro than normal rabbit bile 

.have so far failed, owing to the highly strepticidal nature of the latter. 

* Haslewood, G. A. B. [1941]. BiocAew. J. 36, 1307. 
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The Annual General Meeting' o/ ife Biochemical Society was held at the Courtauld 
Institute of Biochemistry, Middlesex Hospital, London, W. 1, on Saturday, 27 March 1943, 

cit 2 pjn., tvJien the folloiving papers were read: 


The Measurement of Fluorescence Intensity, By P. Ellinoeb and- M. Holdek 

Examination of pli^^sical conditions governing measurement of fluorescence intensity 
carried out to develop a fluorimeter suitable for routine purposes reveals that the photo- 
electric cells are most satisfactory analysers, Relative arrangement of analyser, container 
of fluorescent solution and light source should be in straight line so that light intensity 
measured is dependent exclusively on concentration of fluorescent material. Primary 
light can be excluded from analyser by suitable Alters and should be monochrordatic to 
obtain absorption corresponding to Beer’s law. 365 m/x mercury line is suitable light 
source. Interference with ineasurement caused by fluorescence maximum, mainly de- 
pendent on absorption, can be avoided by using narrow containers and high primary 
light intensity. Measurement can be made either with one photocell by measuring 
galvanometer deflexion and relating it to primary light intensity or by compensating 
methods involving two photocells and using the galvanometer as a null instrument, 
balanciiig either the light by altering the apertme of primary or secondary beam, or 
the pliotoceli currents with the potentiometer. Comparative results (table) show potentio- 
meter niethod superior in range, speed and accuracy. ” A fluorimeter designed on these 
principles is described. , ■ . • ' / 

Comparative results obtained on quinine sulphate with 
various fluorimeter arrangements 

Balancing methods 


Direct 

deflexion 

measurement 


Altering the aperture of 


Range 

Speed (time for 10 readings) 
Standard deviation in % of mean 
(10 readings) 


Primary 

beam 


^■17-1 -5 


Secondary 

beam 


0-54-14 


Potentiometer 
1 : 128 


A Chromatographic Separation of Coproporphyrin from Uroporphyrin; an 
Improved Method for the Preparation of Uroporphyrin from Pathological 
Urines. By C. Rimington . 

Ill urines from cases of acute porphyry, the porphyrins are accompanied by large quanti- 
ties of dark brown or red pigments which are very difficult to remove. All adsorbents so 
far recommended are used to adsorb the porphyrins in the region of their isoelectric point, 
at which reaction the accompanying pigments are also retained. Attempted precipitation 
of the crude porphyrin by means of acetic acid is not always successful and any precipitate 
obtained contains'a mixture of coproporphyrin and uroporphyrin which is troublesome 
to separate. 




The Toxicity of Pure Vitamin A. By T. Moobe and Y* L. Wano 

It has long been known that greatly excessive doses of vitamin A concentrate are ] 3 oisonous 
to rats, but opinions have been divided as to whether the toxicity is due to vitamin A 
itself or to some accompanying impurity. Tests of the toxicity of crystalline vitamin A 
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Kieselgiihr possesses the remarkable and very desirable property of adsorbing both 
coproporphyrms and uroporphyrins from solution in dilute hydrochloric acid whilst re- 
jecting almost entirely the dark brown, non-porphyrin, pigments. Elution by buffer 
solutions may be made selective by taking advantage of the fact that uroporphyrins I 
and III are removed at pH 5-25, while coproporphjnins I and III, no doubt by virtue 
of their higher isoelectric point, are not eluted until the pH of the buffer reaches 5*5 or 
6*0. It has not been possible to separate the individual isomers of each porphyiiii from 
each other by this means. 

As a preparative procedure the method was applied to a very dark specimen of urine 
from a case of acute porphyry as follows: To the urine, hydrochloric acid was added to a 
concentration of 1 % and the mixture passed through a Tswett column of acid-washed 
kieselguhr (B.D.H.). The deeply coloured filtrate was free from porphjTiii. The column 
was now washed successively with 1 % HCl, glacial acetic acid (which removed a little 
more brown pigment and a small quantity of porph 3 nin) and water. Molar acetate buffer 
pH 5*25 was now used and removed the uroporphyrin as a deep red solution substantially" 
free, from other pigment. Upon acidification, the porphyiiii precipitated readily and was 
removed for esterification in the usual way. 


A Method for the Quantitative Determination of Uroporphyrin in Pathological 
Urines. By 0 . Rimington 


Great difficulties attend the quantitative determination of uroporphyrin, iidsorptioii 
methods are usually attended by loss and do not remove accompanying dark pigments. 
Uroporphyrin III is sparingly soluble in ethyl acetate under strictly controlled conditions 
of pH, but uroporphyrin I is not extractable from mine by this or any other knovm solvent 
immiscible with water. 

A satisfactory^ quantitative procedure has been elaborated based upon the selective 
adsorption of the porphyrins from acid solutions (1 % HCl) by^ kieselguhr. 

In order to convert all porphobilinogen or other precursors into porpliyiin, hy-dro- 
chloric acid is added to the urine to a concentration of 1 % and the mixture left o vernight 
or, less desirably, heated for 1 hr. in the water-bath. An aMquot (usuallyr 1-3 ml.) con- 
taining 2-20 gg. of porphyrin is diluted in a centrifuge tube with 1 % HCl to about 5 ml. , 
0*7 g. acid-washed kieselguhr (B.D.H.) added and after vigorous shaking the mixture 
centrifuged. The adsorbent is washed by’^ shaking successively with two lots of 1 % HCl 
and one of water. The porphyrin is now eluted by" stirring with three successive lots of 
about 7 ml. each of 0*1 N NaOH and the combined eluate made up to 25 mi. Small 
particles of kieselguhr may render this alkaline solution turbid, but if left overnight they" 
sink, leaving a perfectly^ clear and almost colourless supernatant, a portion of which is 
suitably diluted with O-l A NaOH and the porphyrin content determined in a fliioresceiice 
comparator (optimal pbrphyTin concentration about 0-25 jug, f ml.). This measures the 
combined uroporphyTin and coproporphyrin. Coproporphyrin is determined separately' 
by the ether extraction method, either in the eluate or in the original urine, and the 
uroporphyrin calculated by difference. As an illustration of the method, the daily- output 
of uroporphyrin and coproporphyrin by a case of acute porphyu'inuria is presented. The 
period of 23 days includes an attack and remission. 


T 
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; acetate (-^ I cm*. ~ acetate) were made possible tbrougb the kindness of British 

,i Drug Houses Ltd., in providing "a generous sample. Doses of about 25,000-50,000 i.ii. 

daily to yotiiig rats of 69-79 g, body weight invariably caused fractures of the bones after 
periods of 8-20 days. Doses of about 50,000 given to adult pregnant rats did not cause 
bieakages of the bones within .the period of the experiment, but gave rise to fatal uterine 
i haemorrhage, as originally described by Hartwell in rats given excess of cod-Hver oil. 

I This phenomenon appears to be one manifestation of the tendency to haemorrhage in 

I hypervitaminosis A. Other forms of haemorrhage are subcutaneous or intramuscular 

I haemorrhage which occurs frequently in the legs ; massive and rapidly fatal haemorrhage 

I • ” under internal membranes, such^as the pericardium or excessive haemorrhage as the 
I esult of minoi external injury. In some respects the tendency to haemorrhage in 

^ hypervitaminosis A has a strong superficial resemblance to that found in scurvy. 

I *."■■■ 

i The Metabolism of Azo Compounds. By. L. A. Elsox and F. L. Wareen 


Crystallization on Foam. By R. Bader and F. Schutz (introduced by W. V. Thorpe) 

When solutions of bile salts are partly converted into foam, the acids crystallize in dif- 
ferent fractions of the foam. Crystals of bile acids can readily be obtained from crude 
commercial specimens of bile salts. Some conditions of crystallization and a number of 
principles of the foam method are discussed, which have been derived from measurements 
of foam stabilit}-** of the substances involved. 

* Schlitz [1937]. Nature, Land., 139, 629; [1938], CM. Soc. Physiol. Suisse, 46; [1942], Tra 7 is. Faraday 
Soc. 38, 85, 94. 


Correlation of the Oxygen Capacity, Iron Content and Absorption Spectrum of 
Haemoglobin of Normal Subjects, By H. M. Jope, E. M. Jope and J. B. O'Bbiek 

It has become increasingly evident that the word ‘haemoglobin’ as applied to whole blood 
could not be adequately defined. We have accordingly set out to determine the extent of 
correlation of its chief properties— Og and CO combining power, iron content and absorp- 
tion spectrum — as found in whole blood, and if possible to relate our results to the 
pi'operties of some definable solid haemoglobin preparation. The results from the first 
25 normal human bloods examined are reported here. 

Og : Extinct. Soret 
band 

mol. 0 ,( 1 . ^ 10-3 


Tlieoretieui 

.1 atom Fe : 1“ mol. Og 
Our mean 
Extreme range 

Standard deviation, as % of mean 


Ee : Os 
c. Og/l g. Fe 

401 

396 

367-418 

,3-3% 


Fe : Extinct, coeff. 
Soret band 


132 

127-141 

3-2% 


138 

125-152 

5% 


The relation of absorption spectra of carboxy- to oxyhaemoglobin appears to be even 
more irregular. All the experimental methods used are reproducible to within + 0*2- 
0*5 %. The discrepancies in the exact correlation would therefore seem to be very largely 
real: it is unlikely that they are due to systematic errors in the methods. Our results 
indicate that it is not adequate to define the absolute value of one property in terms of 
another, and hence the standard for, say, a photometric method in terms of a gasometric 
method. 




Further Observations on the Excretion of Coproporphyrin in Normal Subjects. 

By E. M. JoPE and J. R. O’Beien 

1. X>efinUion of standard. From a study of synthetic and natural coproporphwins I 
and lil the absolute extinction coefficients for the free porphyrins in 0-5% HCl are 
defined: 

548 mp=E}°^5jj_=260, 401 mp, = E 1^^=8100. 

Ill is equivalent to I within ± 1 %. 

2. Normal range of coproporphyrin excretion, {a) Urine: in 3-day collections, below 
100 jLLg. /day, though isolated 24 hr. values may be 100-150 /xg./day. The lower limit so far 
observed is lOfig./day. (6) Faeces: 3-day averages are 150-350 /rg./day : shorter collection 
periods give results too erratic to be usable. Any one individual varies less than this 
over£^ll normal range. 

3. The excretion of coproporphyrin in urine throughout the 24 hr. is irregular : estima- 
tions on single urine specimens are therefore of little value. 

4. Maechling* reports increased coproporphyrin in pathological urines after standing 
2 hr. with ^ voL cone. HCL We have confirmed this occasionally in pathological cases but 
have not observed any increase in normals. 

5. Evidence in the literature suggests that the normally excreted coproporphyrin is 
largely the I isomer, but that some III may occur. I is more easily recognized and Eischer 
originally missed the III in the famous porph3rria case Petry.f 

A knowledge of the I : III ratio normally excreted is now most imperative for the inter- 
pretation of the evidence accumulating from pathological conditions. Subjects should be 
studied separately, as pooHng of extracts may lead to a result of doubtful significance. { 
We have found a I : III ratio of 4*3 : 1 in one normal urine and both faeces and urine of 
others are under examination. 


* Maecliling, E, H. [1940-1]. J, Lab. Clin. Med. 26, 1676. 
t Mertens, E. [1939]. Hoppe-Seyl. Z. 258, Suppi. i. 

{ E.g. Grotepass, W. [1938], Hoppe-Seyl. Z. 253, 276, who used 10,000 1. of pooled hospital urine and 
obtained an equivocal result. 
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The .228th Meeting of the Biochemical Society was held in the Department of Medical 
Chemistry, the University Edinburgh, on Saturday, 5 June lUZ, at 2.Z0 p.m., when the 
following papers were read: < r , 


Heated Cholesterol as a Potential Carcinogen. By A. H. M. Kieby ' 

The high proportion of human cancer deaths due to stomach ‘cancer and the extreme 
rarity oi ammal stomach cancer suggest a carcinogen in human food. Roffo* claimed 
adenocarcinoma in rats fed fats or cholesterol heated i-hour to 350° C Beck & Peacoekt ' 
were unable to confirm for heated fats but found papillomatosis of forestomach due to ’ 

induced avitaminosis-A. 

Groups of Wistar rats (on basal diet of rat-cake, f water ad lib., milk -and greenstuffl 
were, fed: ■ ® ^ 

( 1 ) Unhea ted cholesterol: 20 mg. each/day (controls). 

(2) Cholesterol heated to 270-300*^ C. for -|-hour (unchanged sterol removed): 20 mg; 

each/day. ^ 

(3) Eesidue from (2) after cholesterone and dicholesteryl ether removed* 20 mgf 

each/day. • 

('^) ^3,5 Cholestadiene (claimed carcinogenic by Waterman§): 25 mg. each/day. 

Onl^y hyperkeratosis and 1 papilloma seen in two years. No tumour seen in other 
rats fed heated cholesterol esters or cholesterol heated to 430° C. (fifteen months). 

Solutions of above products in olive or arachis oil injected subcutaneously into mice 
by Dr S. Beck ; only two fibrosarcomata seen in total of 90 mice (Steiner, Steele & KochTj). 

Eoffo s claim that heated cholesterol contains a polycyclic hydrocai^bon very similar 
to 3:4-benzpyrene not confirmed. Substance with strong blue fluorescence in XJ.-V. beam 
present, but absorption maxima lie at 2330; 2440; 2560 and 2615 A. 

* Rofib, A. H. [1939]. Bull Ass. frang. Cancer, 28, 556; Z. Krebsforsch. 49, 341. 
t Beck, S. & Peacock, P. R. [1941]. Brit. Med. J. (ii),' 81. 
t Thomson, W. [1936]. J. i/ 2 /gr., Oam&., 36, 24. 

§ Waterman, N. [1939]. Acta Union hit. contre Cancer, 4, 764. 

If Steiner, P. E., Steele, R. & Koch, P. C. [1943]. Cancer Bes. 3, 100. 


The State of Vitamin A and Carotene in Human Blood Plasma. By Dziaoszyrski, 
E. M. Mystkowski and C. P. Stewart - - 


The Ribonucleic Acid Content of Mammalian Tissues. By J. N. Davidson and 

. C. 'Waymouth , .. ' ■ " 

It is now recognized that ribonucleic acids (yeast nucleic acid, ph 3 donucleic acid) are 
not found exclusively in yeast cells and plant tissues but occur also in animal tissues, 
e.g. pancreas, along with desoxjnribonucleic acid (thymonueleic acid, animal nucleic acid). 
, Using chiefly material from the adult and embryo sheep we have demonstrated the 
presence of ribonucleic acids in all tissues so far examined. The nucleic acids were 
extracted from the tissues by means of 10 % sodium chloride and were precipitated as 
lanthanum salts. Ribose and desoxyribose were colorimetrically estimated in the 
precipitate with the aid of the Spekker Absorbtiometer using calibration curves drawn 

d 
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up in terms of ribonucleic acid phosphorus (RNAP) and desoxyribonucleic acid phos- 
phorus (DNAP). The presence of ribonucleic acid was confirmed enzymatically with the 
aid of crystalline ribonuclease* which attacks specifically ribonucleic acids. 

Altlioxio'h in most tissues the amount, of total nucleic acid was much Mghei in the 
enibryo than in the adult, the ratio of RNAP to DNAP was either of the same order m 
the embryo as in the adult or was somewhat higher in the latter. The ratio was high in 
such tissues as brain, heart, and liver and low in spleen and thyinus.^ 

Some of the results obtained support the view that ribonucleic acid preponderates m 
the o 3 d}oplasm and desoxyribonucleic acid in the nuclei. 

* Kunitz, M. [1940]. J. Gen, Physiol. 24, 15. 


Investigations on the Activity of Histaminase in Normal and Toxaemic Pregnancy. 
By R. Kapeller-Adleb 


The Response of Protein M to Injury. By H. N. Mijneo and D. P. 

Ctjthbertson 


Both in the human being and in the rat, injury such as the fracture of a long bone causes 
a marked rise in the excretion of N, P, K and creatine which is maximal about the thiid 
day after injury (Cuthbertson, M’Girr & Robertson*), i^s this excessive excretion of N 
could not be accounted for by loss of tissue substance locally at the site of fracture, it 
was concluded that a generalized tissue breakdovm took place to meet the emergenc} . 

Pursuing the origin of this N further, we have studied the response to fracture of rats 
when they are fed on a protein-free but otherwise (qualitatively adecquate diet slightl 3 ^ 
deficient in energy value. Two sets of 4 rats each were fed on a protein-free diet until the 
N excretion fell to a steady level; fracture of the left femur w’as then carried out and 
their urinary N output followed on the same dietary regime for a further 8 days. No 
rise in N output was found in either group. An identical operative proceciure on animals 
fed at two different levels of protein intake gave metabolic res|)onses similar to .those 
reported in previous publications. 

We are therefore persuaded that the excessive output of N which follows injury arises 
from storage-protein and not from essential tissue substance. 

* Cutlibertson, D. R, M’Girr, J. h. & Robertson, J. S. M. [1939]. Quart, J. Med. 29, 13, 


An Inexpensive. Balanced Photoelectric Colorimeter for Mains Operation. By 
G. H. Bell and A. R. Smellie (introduced by G. M. Wishart) 


The photoelectric haemoglobinometer shown by Bell & Guthmann* to the Society last 
year has proved to be very satisfactory ; the lamp cannot, however, be supplied from 
the mains. In the present form two photocells and two light filters are required: the 
photocells are placed equidistant from a single light and are connected in parallel 
opposition directly to the galvanometer. With water in the glass cells in front of the 
photocells the area of illumination of the reference photocell is altered by a shutter until 
the galvanometer is brought to zero. The circuit is now balanced for (quite considerable 
light variations; the lamp can be supplied from a.c. or d.c. mains. The rest of the 
procedure, including the calibration of the E scale, is as previously described. 


Bell, G. H. & Guthmann, E. [1942], Biochem. J. 36, Proc. Q June 1942, iii. 
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The Vitamin P Potency of Foodstuffs. By H. Scabboroijoh . 

By determinations of alterations in capillary resistance in man, an attempt lias been 
made to assess tlie vitamin P potency of certain fruits and vegetables. ‘Good’ sources 
of tlie vitamin include grapes and grape juice, both dark and light varieties, lemons and 
orange juice, pulp and peel, plums, especially the darker coloured varieties, prunes, 
^ citrin’ prepared according to the method of Szent-Gyorgyi (supplied by Roche Products 
Ltd.), a water-soluble concentrate prepared from blackcurrants by Dr A. Pollard, Long 
ikshton Research Station (W.S.P. 4, Bacharach & Coates*) and preparations of rose hips 
(supplied by Dr F. Wokes, Ovaltine Research Laboratories). ‘Moderately good’ sources 
include grape-fruit juice and pulp, dried apricots, cherries, blackberries and rose-hip puree 
(prepared by M. Androssf). ‘Poor’ sources include most green vegetables, tomatoes, 
potatoes and a blackcurrant puree (supplied by M. Oliver, Chivers Ltd.). 

On the basis of the data obtained b}?' Bacharach & Coates with guinea-pigs, ‘good’ 
sources contain more tliah 100 ‘provisional units’ per 100 g.; ‘moderate’ sources contain 
approximately 100 units per 100 g.; ‘poor’ sources contain under 100 units per 100 g. 

* Bacharach, A. L. & Coates, M. E. [1942]. Analyst, 67, 313. 

t Andross, M, [1941]. Analyst, 66, 358. 


The 229th Meeting of the Biochem ical Society was held in the Department of Biochemistry, 
University of Sheffield, 07i Saturday, 10 July 1943, at 2.30 p.m., when the following papers 
were read: - ’ 

Pantoyltaurine-resistance in Bacteria; the Experimental Derivation of Drug- 
resistant Strains in the Absence of any Inhibitor. By H. McIlwain 

Different strains of Corynebacterium diphtheriae showed varyhig degrees of resistance to 
panto^'ltaurine, which was partly correlated vith their ability to grow^with jS-alanine 
in place of pantothenate; sensitive strains required added pantothenate. The correlation 
was first found in naturally occurring strains but extended to those which were made 
resistant to the drug by growth in its presence. Typical pantoyltaurine-fast strains 
synthesized pantothenate, and were also prepared by training strains to grow without 
added pantothenate. Pantothenate synthesis is thus a major factor in their pantoyl- 

taurine resistance. _ . . I 

Natural strains of group A haemol}dic streptococci were uniformly sensitive to pantoyl- 
taurine, but s(‘nsitive organisms of this and other groups were made resistant to the 
drug suitably arranged grovdh in its presence. Resistance in these and in some other 
stre|)tococ!ca] strains vus not by pantothenate synthesis. Some organisms insensitive 
to paiitoyltaurine alone were made sensitive to it by the pi^senee of sahcylate in sub- 
inhibitory (roiu'cntrations. Such synergism was specific to sahcylate. The joint 
was antagonized bv pantothenate, which also antagonized inhibitions due^ to limiting 
coiuamtnitions of skicyiate alone. These organisms, also, appear to owe their resistance 
to a modification of processes which involve pantothenate. 

Partition Chromatography of Free Amino -acids and Peptides. By A. H. Gordon, 

A. J. P. Martin and R. L, M. Synge 

The data of h]ngland & Cohn* on the distribution of amino-aeys between BuOH-HaO 
phases suggest that this system, originally employed for analytical purpos .. - _ ’ 

should give: good separations of amino-aeids when used in a partition chinmatogiam. 
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When silica gel is employed -to hold the aqueous phase, poor resolutions are obtained, 
presumably owing to adsorption by the silica of the substances which it is desired to 
separate. By substitution of cellulose for silica more promising results have been 
obtained. ' 

* England & Cohn [1935]. J. Amer. chem. Soc. 57, 634. 


An Oxidase System in the Potato Tuber. By J. G. Boswell 


The Protection of Tocopherol during Saponification with Pjvogallol. By T. Moore 
and J. Tosic 

The instability of tocopherol to alkali pi'esents a serious difficulty in the estimation of 
the vitamin by the method of Emmerie & Engel. During the usual procedure of rapid 
saponification of the fatty medium vdth hot alcoholic potash much vitamin may be 
lost. On the of her hand, the reaction of Emmerie & Engel is not given by tocopherol 
acetate, which suggests that vitamin present in esterified forms in natural sources might 
escape estimation if saponification were to be omitted. The destruction of the vitamin 
presumably depends on the presence of oxygen, but Lester Smith & Baileyf found that 
rapid saponification in an atmosphere of inert gas gave no higher results than their 
ordinary procedure, in which 87 % of synthetic a>tocopherol added to wheat-germ oil 
was recovered. 

We have found by means of recovery tests that loss may be completely prevented by 
the convenient procedure of adding pyrogallol before saponification. The pyrogallol is 
removed during the usual washing of the ether layer (with 0*5 % potash and water) 
before evaporating. The following results have been obtained: 

Recovery of ^-tocopherol during saponification in presence a7id absentee of pyrogallol 
Without pyrogallol With pyrogallol 


_ jr.7 - ''O'-*-''* Yf xiiii y X uiieu lui 

a-Tocopherol — — a ~ L 

mg. added mg. found % recovery mg. found % recov^ 

a-Tocopherol acetate in absence of oil 

1*78 0*66 37-4 1-76 98-8 

1*78 1-04 58*5 1*77 994 

a-Tocopherol acetate dissolved in arachis oil 
2*06* 1*84 89*3 2*02 98*2 

1*80 87*4 2*03 98*6 

'a “ “?deup^as follows: 1-82 mg. in the form of added synthetic a-toeopherol 

acetate -f 0'24 mg. found in the arachis oil itself by our pyrogallol method. 

The much smaller loss of tocopherol when dissolved in arachis oil may be due to the 
presence in the fat of substances capable at least of reducing the amount of oxygen 
available for the destruction of the vitamin. Experience with numerous vegetable' fats 
has shoTO that the pyrogaUol procedure gives consistent results. Without pvrogallol 
substantially lower values are obtained, the extent of the deficit dependina on the 
nature of the oil. r e 

The TOlue of p;^ogaUol for the protection of vitamin E during the digestion of tissue.s 
and foodstuffs, with altah, and for the preservation of other unstable substances under 

similar circumstances IS under investigation. 


♦ Emmerie, A. &' Engel, C. [1938]. Sec. Trai). chlm. 57, 1351 
t Lester Smith, E. & Bailey, B. [1939]. Vitamin E. A symposium, p. 21. 


Cambridge: Heffer. 
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The Effect of Glycocyamine on the Formation of Tumours induced by Acetyl- 
amino -fiuorene. By P. Biblschowsky (introduced by H. A. Krebs) 

2-Aeet.yl-amiiio-fluorene is a oarcinogehie agent for the white rat.* 4 mg. of this com- 
pound (pel I at and day), added to the standard diet for 20—30 weeks, produce mahgnant 
tumours in different organs. In female rats the majority of these tumours are adeno- 
carcinomas of the breast which become evident on average after 250 days. 

The addition of 20 mg. of glycocyamine (per rat and day) to the acetyl-amino^fluorene 
containing diet accelerates the appearance of breast tumours and at the same time 
increases considerably the number of liver tumours in female rats. 

These results suggest that the reduction of available labile methyl-groups brought 
about by the conversion of glycocyamine into creatine enhances the carcinogenic action 
of 2-acetyl-amino-fluorene. 

Wilson, R. H., DeEds, F. & Cox, A. J. [1941], Cancer Res, ly 595. 

Determmation of Isocitric Acid in Biological Material. By H. A. Krebs and 

L. F. Eggleston 

The neutral solution of ( — )iso citric acid is incubated with aconitase and the citric acid 
torined is estimated. Aconitase, unlike the related enzyme fumarase, is very labile in 
aqueous tissue extracts, but the enzyme is stable for several weeks in frozen minced 
pigeon !:)reast muscle stored at — 1 Citric acid is determined by a modification of the 
volumetric method of Pueher, Vickery & Leavenworth.* For the calculation of the 
isocitric-acid concentration it is necessary to know the composition of the equihbrium 
inixture of citric, isocitric and cis-aconitic acids in the presence of aconitase. It was 
found to contain 89-5% citric, 6*2 % isocitric and 4*3% aconitie acid. The higher 
estimate of isocitric acid of earlier authors, based on polarimetric measurements, arose 
from the assumption that [ajj^ for the molybdate complex of isocitric acid was, under 
the test conditions, —428°. Citrate, however, increases of the complex to —780°. 
If a is tlu^ amount of citric acid in the sample before, and h the amount after, treatment 
with aconitase the quantity of isocitric acid in the sample is T 117 x 6 — a. The occurrence 
of isocitric acid in various piantsf is confirmed. 

* Piiche!', G. VTekerv, H. B. & Leavenworth, C. S. [1924]. Industr, Engng Chem. (Anal, ed.), 6, 190. 
t Fuciier, G, W. & Vietey, H. B. [1942]. J. MoL Chem, 145, 525. 

The Oxidation of Acetic Acid in Acetobacter. By J. TosiO and H. A. Kbebs 

Acetic acid is an end-product in A ceMacter when ethanol is present as a substra^fce, but 
is 1‘eadily oxidized under other conditions. This observation was investigated in detail 
as it was thought that it might shed light on the mechanism of the biological oxidation 
of acetic acid. Washed suspensions of Acetohacter turbidans were used for most experi- 
ments. Suspensions of the organism do not absorb oxygen immediately on addition of 
acetate, }.)ut actiuire the ability to oxidize acetate during a lag period, the duration of 
wliieh increase's on storage. The lag period is abolished or reduced, and the rate of 
oxidation of acetate is increased, by the addition of smaU quantities of pyruvate or some 
other oxidizable substances (lactate, glucose, malate, a-ketoglutarate} ; ethanol and 
propanol have no eheet. In order to test whether the action of the various substrates 
on tin* oxidation of acetate is due to the synthesis of a specific catalyst during the 
oxidatioTi of the substrates the effect of the B vitamins and other compounds on the lag 
pei-ioci was ivAed. Xon(‘. of the vitamins was able to replace the oxidizable substrate. 
Adenvl-p\i*ophosj)hate shortened the lag period and increased the rate of acetate oxida- 
tion, but tlie effect was somewhat smaller than that of pyruvate. 
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The 230tli Meeting of the Biochemical Society was held at St Thomas's Hospital Medical 
School, Manor House, Godaiming, Surrey, on Saturday, 25 September 1943, at 12 noon, 
when the folloioing papers were read: 


Commercial pancreatin contains a factor wliicli stimulates the growth in roller tubes b}’ 
Willmer’s^ technique of fresh explants of the 9-day chick embryo heart.f When the 
factor is added along with embryo extract to roller tubes containing six fresh explants 
(embedded in fowl plasma) which have been cultivated in Tyrode solution for 48 hr., it 
produces in the course of a further 48 hr. a much greater rise in nucleoprotein phosphoFus 
(N.P.P.) in the cultures than does embryo extract alone. 


Studies on the Plasma Fibrinogen and other Protein Fractions in a Case of 
Ahbrinogenaemia. By J. L. PmNiaBR and F. T. G. Prunty " 


By adaptation of the Hark and Soutar* prothrombin technique, and from precipitin 
studies, evidence is presented for complete lack of fibrinogen in a girl with haemori'hagic 


By J. N, Davidson 


^ Willmer, E. N. [1942]. J, exp. Bid. 19, 11. 
t Bavidson, J. N. & Waymouth, G. [1943]. Bicekem, J. Zl, 271. 


Further Observations on the C. diphtheriae Growth Factor of the B Complex. 
By P. W. Chattaway, F. C. Happold and Mary Sandford 


The paper constitutes a further report on the properties of the G, diphtheriae growth 
factor present in the amyl- alcohol insoluble residues of extracts of whole liver. 

The factor is relatively stable to acid, and is markedly labile to alkali, iiitroiis acid, 
ninhydrin and hydrogen peroxide. Methyiation and acetylation are highly destructive 
and activity cannot be regained by acid hydrolysis. Adsorption occurs on norite 
charcoal but not on Fuller’s earth. Extraction cannot be effected by diethyl ether, 
chloroform, petroleum ether, amyl alcohol, butyl alcohol or p-cresol at determined pH 
values. Precipitation of the active component does not occur with silver salts at acid 
and neutral reactions, and occurs only slightly with silver sulphate in the presence of 
baryta at pH values above SB. 

Lead acetate is ineffective as a precipitating agent at pH values of 2-8, 6-9 and 9 to 10. 
Phosphotungstic acid in 5 % sulphuric acid removes inert material from solution. 
The activity of the most purified preparations is such that the addition of 5 y dried 
material per ml. of basal medium promotes moderate growth whereas one-hundredth 
of this amount evokes a detectable growth response. It is free from ail traces of 
A. casei e growth factor. 


A Tissue Growth-Promoting Factor present in Pancreatin. 

and C. Waymottth 


Composition of fluid phase ill roller tubes Change in N.P.P. 

^ in second 48 hr. of test ^g. per toller tube 

Embryo extract alone -f O-36 

Embryo extract -1- crude factor -}-0-82 

Embryo extract -H factor heated at 100*" for 30 min. at pH 10 + 0-39 

Tyrode solution aloiie - 0'09 

Purified factor (N = 50 mg./lOO ml.) in Tyrode ivithout embryo extract -f- 0*66 


The factor is stable to heat in neutral or slightly acid solution, but is inactivated by 
heating in faintly alkaline solution. It can be purified -by extraction with phenol and the 
purified material exerts a powerful growth-promoting action on chick heart fibroblaists 
even in the absence of embryo extract. 
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symptoms. The reiation of the in vitro "f a,nd in vivo fibrinogen to the formation of clots, 
and the effects of transfusion of concentrated plasma on the protein fractions of the 
patient’s plasma have been investigated. 

Kark & Soutar [1940]. Lanceiyl, 114:9. 

t Witts, L. J. [1942]. J. Path. BacL 54, 516. _ " • 


Fluorescent Derivatives of N-Methyi-.Ghloro--Nicotmamide. By R. A. Coitlson and 
P. Ellinger 

The supposition that Eg might be thio chrome proved to be incorrect. j* The analog}?^ 
with the elimination of meth^dated products after the intake of pyridine J and nicotinic 
aGid§ suggested the possibility of the formation of methyl derivatives of nicotinamide 
which might be related to Fg-f H The natural non-fluorescent precursor of E 2 was 
crystallized from KCl eluates of urine rich in the compound by low temperature vacuum 
distillation, fractional precipitation of IvCl and other impurities, and by adsorption 
on AI 2 O 3 and elution with methanol. An orange aurate (m.p. 164*^), a yellow mercury- 
potassium iodide (m.p. 136*3°) and a yellow picrate (m.p. 190*2°) were formed from 
the concentrate. The melting-points of the latter two were identical to the corresponding 
salts of synthetic N-methyl-chloro-nicotinamidet^ and the mixed melting-points showed 
no depression. The aurate differed in melting-point and colour (synthetic: 170*2° yellow) 
(possibly two aurates as in trigonelhne).'^-^ 

The transformation by alkali of N-methyl-chloro-nicotinamide into two fluorescent 
compounds Fo^ and Fqj, f is nearly complete in dry isobutanol, whereas in water it is 
incomplete and the destruction is rapid (cf. formation of a carbinol from N-methyl- 
pyridiiim hydroxide ft). The maximum yield by extraction of the alkaline aqueous 
piiase by isobutanol is only 20 % . The predominance of the quaternary ammonium 
compound in water and of tlie carbinol f in isobutanol is evident from the spectrographs 
(prepared by Dr E. M. F. Roe), the shift of which resembles that obtained for the non- 
redueed and reduced N-methyl-iodo-nicotinamide respectively. 

Ooiilson, R.A., Ellingcr, P. & Platt, B. S. [1942]. Biochem. J. 36, xii. 

t Ellitiger, P. & Couisoii, R.A. [1943]. Nature, Bond, (in the Press). , 

J His, W. [1887]. Arch. exp. Path. Pharmah. 22, 253. Cohn, R. [1893]. Hoppe-Se^jl. Z. 18, 16; and 
inaiiv others. 

§ Ackerinann, D. [1913]. Z. Biol. 59, 18. Linneweh, W. & Reinwein, H. [1932]. Hoppe^Zeyl Z. 207, 48; 
209,110. ' 

i; Najjar, V. A„ Scott, J). B. M. & Holt, jr., L.E. [1943]. Science, 97, 537. Huff, J. W. & Perizweig, W. A. 
[194:1]. Nc/cMce, 97, 53S, | 

*!' karrer, P., Sehwarzenbach, G., Benz, F. & Sollmseh, V. [1936]. Helv. Ghini. Acta, 19, 826. 

Jaims, fcL [1885]. j5cr. cAew. (7e<s. 18, 2518; [1887] 20, 2840. 

*j*t Hantzseh,'A. & Kalb [1899]. Ber. disch. che^n. Ges. 32, 3117; Decker, E, & Kaufmami, A. [1911]. 
J. [2] 84, 432. 

ft Warburg, 0. & Christian, W. [1936]. Biochem. Z. 2S7, Z15. 

The Excretion of Histidine in Urine. By J. R. O’Beien and. P. E. Qublch 

Studies in the metabolism of iiistidine* in pregnancy have raised problems, the solution 
of wiiich would be aided by a sound method of estimation. One group of methods uses 
Kmwp's reaction for this aiuino-acid which, although almost specific for histidine, f is 
sensitive to urinary constituents such as uric acid, phosphate and urea. To eliminate 
interfering substances a method based upon a base-exchange between histidine and 
permutite was worked out for urine. Acidified urine is allowed to percolate through a 
column of permutite, which is then washed with water and eluted with a saturated solution 
of KCl. The concentration of the purple product of Knoop’s reaction on the eluate is 
measured photometrically. 
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Results obtained by this method were: Normal individuals differed greatly in the daily 
amounts of urinary histidine excreted — values from. 0-400 mg. per day were obtained. 
The excretion of histidine fluctuated throughout the day and seemed related to the urinary 
output. Early morning specimens of urines from normals contained 0-30 mg./lOO ml. 
In pregnancy, early morning specimens contained usually 30-100 mg./lOO ml. In pregnancy 
complicated by toxaemia, threatened abortion or diabetes, the urinary histidine fell to 
values below the normal. From the present data, it would seem that estimation of urinary 
histidine is a useful rather than a reliable diagnostic aid in pregnancy. 

Kapeller-Adler, R. & Adler, E. [1943]. J. Ohstet. Gynaec. 50, 177. 

•j* Armstrong,' A. R. & Walker, E. [1932]. Bicchem, J, 26, 143. 


The Osmotic Pressure of Foetal Haemoglobin. By E. 'F-. McCarthy and G. Popjak 

The oxygen dissociation curves of foetal and maternal haemoglobin solutions with identical 
concentrations of hydrogen ions and salts, have been shown to differ markedly in position. 
In addition there seems to be a slight difference in the shape of the curves which may be 
represented by the calculation of n in Hill’s equation y/I00 = toY(l in which y 
represents percentage saturation, x oxygen tension and k is a constant. The value of 7'i 
for foetal haemoglobin is usually slightly lower than that for maternal haemoglobin and 
it seemed desirable therefore to compare the degree of aggregation of foetal and maternal 
haemoglobin by osmotic pressure measurements. 

Oxygen dissociation curves were measured on solutions of foetal and maternal haemo- 
globin prepared from the corresponding bloods of sheep at an early stage of pregnancy. 
Low values of n were obtained for foetal haemoglobin. Osmotic pressure measurements 
made by Adam’s method showed no significant difference between foetal and maternal 
haemoglobin. 


The Osmotic Pressure of ‘ Defatted ’ Serum. By G. Popjak and E. F. McCarthy 

Fresh, pooled human serum was ‘defatted’ by the method of McFarlane, i.e. by shaking 
it with ether, then freezing the mixture to below — 25° and thawing. The osmotic pressure 
of serum extracted five times in this way was compared with that of the untreated serum. 
The osmotic pressure measurements were made by* the method of Adair. The results 
showed that the defatted serum exerts shghtly higher osmotic pressure per gram of protein 
than the whole serum. However, this difference can be explained by tlie increase in the 
albumin-globulm ratio of the serum after the extraction. The conclusions are drawn that 

(a) extraction of serum by McFarlane’s method removes a portion of the globulin complex, 
but does not alter? the colloid osmotic pressure properties of the remaining proteins; and 

(b) the lipids extracted from the serum have no effect on the osmotic pressure of sei'um 
proteins.. 


Alloxan Diabetes (Shaw Dunn) in the' Rabbit. By L.. L. 'Ware ' (introduced ' by 
F. G. Yohkg) 


Vitamin G Nutrition. The Correlation of Plasma Ascorbic Acid Concentration 
and Urinary Saturation Tests. ., By F. T. G. Prukty and C. C. N. \biss 

Unless the subject has recently been on an appreciably higluu intake of ascorbic acid than 
he is now receiving, the plasma ascorbic acid concentration is a satisfaetor}’ index of th(‘ 
nutritional state with respect to vitamin C. Moreover, this determination is more easily 
carried out than a saturation test. When a ‘state of saturation’ is attained the plasma 
ascorbic acid concentration is greater than 0-8 mg./lOO mi. For elinieal purposes it is 


T 
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suggested that a concentration of not less than 0-4 mg./lOO ml. should be considered 
as a normal value. In general the results obtained by this determination are in agreement 

witli those of Harris in recent surveys. . , 

* Harris, L. J. [1943]. Lancet,!, 


Succinyl Sulphathiazole and Coprosterol Formation. By 0. Rosbnhiim and 

T. A. Webstee. ■ ^ , 


The bacteriostatic action of succinyl sulphatliiazole on intestinal coliform bacteria was 
found to be concurrent with a complete inhibition of, coprosterol formation. The drug 
^ was administered to rats in a diet on which about 80 % of the total sterols are excreted as 
coprosteroL^b. The conclusion that cohform bacteria are responsible, for coprosterol forma- 
tion was negatived by the fact that, in spite of the immediate reappearance of B. coli 
on withdrawal of the drug, the faecal sterols were found to contain only traces of coprosterol.’ 

These and other results throw doubt on the assumed role of intestinal bacteria and 
suggest the possibility that the fauna rather than the flora of the intestine may be con- 
cerned in coprosterol formation. Protozoa and especially species of trichomonas are common 
parasites of the intestine of man and animals and cholesterol has been recognized as an 
esseiitial gro\vth factor for four species of ^r^cAo7?^o?^a5.■f' 

We found that carbarsone (:/.?- carbamino phenylarsonic acid), which frees the intestine 
from trichomonas, also completely inhibits coprosterol excretion. The correlation, however, 
appeared to be fortuitous, for rats freed from trichomonas by carbarsone excreted con- 
siderable amounts of coprosterol on withdrawal of the drug, but only small amounts some 
time Mfer treatment with succmyl sulphathiazole, which had not freed them of the 
flagellates. This interference with colesterol metaboHsm, shared by an antibacterial and 
an amoebicidal drug, seems to be unconnected -with them action on either bacteria or 
protozoa and remains so far unexplained. 

* Rosenlieira., 0. & Webster, T. A.. [1941]. Biochem. J. 35, 920. 

t Cailleau, li. (1937). dww. Inst, Pasieiir, 59, 137, 293; (1939) C.B, Soc, Biol., Paris, 130 , 1089. 
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A Study of the Accuracy of Haemoglobin Methods. By E. J. King, Maegaeet 

G-mcHRiST and G. E. Deloey , 

Three colorimetric haemoglobin methods — alkaline haematin, cyanmethaemoglobin and 
carbox\'haemoglobin — were tested by comparison with Ee analyses and Og capacity 
determinations. A Leitz colorimeter (Duboscq type) with mercury green light and a 
photoelectric colorimeter vdth a Chance green filter were used, with Ilford grey screens 
as standards. For the alkaline haematin method a haemin standard was also used. Good 
results wore obtained on each colorimeter; photoelectric readings entail less labour. The 
\’^ariatio!i of each sjiecimen from the average colorimetric relation to iron or oxygen was 
calculated, and these results expressed as standard deviations. 

Ihveive haemoglobin preparations from horse and human bloods were found to give 
(‘olours in NaOII agreeing mth their mon content, when compared with standard haemin 
solutions. 

On 20 normal bloods the standard deviations from Fe analyses and Og capacities were: 
alkaline liaematin, 2-33 and 2*26 %; cyanmethaemoglobin, 1-25 and 2-18 %; carboxy- 
haemoglobin, T70 and 2*49 % ; Haldane dilution tube, 3*02 % . On 20 specimens of washed 
lak(*d cells from miseeilaneoiis hospital bloods the standard deviations were: alkaline 
iiaeiiiatin, 3-30 and 2*5() %; cyanmethaemoglobin, 2*63 and 2-11 %; carboxyhaemoglobin, 
4-14 and 3-32 %. 

The cyainnethacunoglobm method is the most accurate; the other two give accuracy 
satisfoctory for most purposes. The all^aline haematin method is preferred for routine work. 


I. 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 

The 231st Meeting of the Society was held in the Department of Organic Chemistry, 
The Imperial College of Science and- Technology, South Kensington, London, S.W. 7, on 
Saturday, 13 November 1943, ai 11 a.m. 

The JVIeeting was devoted to a discussion on *The Tetrapj^rrolic Pigments’, and the 
follo%\'ing communications were made : , 

Properties and Function of Natural Tetrapyrrolic Compounds. By D. Keilin 

TetrapyiToIic compounds are very widely distributed in nature, forming the active or 
prosthetic groups of several biologically important substances such as chlorophyll, 
haemoglobin, cjdochrome, catalase and peroxidase. They play a fundamental role in 
photosjmthesis, in transport of molecular oxygen and in catalysis of intracellular oxida- 

tioB reactions. 

The best known substance containing a tetrapjnrolic nucleus or a prophyrin is haemo- 
globin which is an iron -porphyrin-protein compound. By analytic and synthetic methods 
it has definitely been established that porphyrins are composed of four pyrrol nuclei 
united by four CH groups and arranged into a flat closed-ring system. In haematin the 
iron atom occupies the centre of this ring and of the six co valencies of Ee, four lie iii one 
plane and connect it with nitrogens of pyrrol nuclei, while of the two others, one lies 
above and one below the plane of the molecule, uniting the Fe atom to nitrogenous 
substances such as proteins. The simplest tetrapyrrofic compound is porphin, and all 
the natural and artificial porphyrins can be theoretically derived from it by substitution 
of the H atoms of its pj^roi nuclei by methyl, ethyl, vinyl, formyl, acetic and propionic 
■■ :ids groups. 

The porphyrins are strong and highly fluorescent pigments with sharp absorption 
> aiids. They have strong light sensibilizing properties, being therefore very toxic to ‘ 
urganisms exposed to light. They readily combine with a great variety of metals such as 
h e, Cu, Zn, Mg, Co, Mn, forming w^eli-defined metalloporphyrins. Of these compounds' 
only that with Fe, namely, haematin, is capable of combining with nitrogenous sub- 
stances such as proteins to form either carriers of molecular oxygen (haemoglobins) or 
intracellular oxidation catalysts (components of cytochrome). 

All the biologically important substances containing tetrap3nTolic compounds are 
conjugated proteins. The protein must not, however, be regarded as a mere colloidal 
carrier of the prosthetic group but as an integral portion of the chromoprotein molecule 
determining not only the magnitude but also the nature of the reaction it promotes. 
Thus the one prosthetic group protohaematin, combined with four different proteins, 
may give lise to four different substances, e.g. methaemoglobin, catalase, peroxidase, or 
a component of c^drochrome. These highly specific proteins may therefore become one 
of the limiting factors in the distribution of these biologically active substances. This may 
explain the haphazard distribution of haemoglobin in invertebrates when one species 
ma \’ contain this pigment while nearty allied forms are devoid of it, or the appearance 
of a chromoprotein similar to haemoglobin m Paramecium and the nodules of leguminous 
plants. ■ ■■ 

The iact that tetrapyiToHc compounds have weU-defined absorption spectra makes it 
possible to follow spectroscopically many reactions in which they are involved. In the 
ease of cytochrome, which forms the main link between the intracellular respiratory 
systems and molecular oxygen, such observations can be carried out upon living cells. 
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It enables ns to follow spectroscopically not only the respiratory activity of living cells 
but even to localize and determine the mechanism of action of different respiratory in- 
hibitors. It also makes possible the observation of compound formation between a purified 
enzyme and it^ substrate. 

As to the origin of the tetrapyrrolic compounds, all we can say is that cells of practic- 
ally every aerobic organism are capable of synthesizing them. Only a few aerobic inicro- 
organims living normally in the presence of haemoglobin have lost this property. Their 
respii'ation and growth in vitro depends, however, on the addition of small amounts of 
protohaematin or protoporphyrin, which they can use for synthesis of their intracellular 
haematin catalysts. On the other hand, the anaerobic organisms are completely devoid 
of tetrapyrrolic compounds and of the property of synthesizing them. 

The natural degradation products of haemoglobin are the bile pigments which have the 
structure of an open tetrapyrrolic chain with one of the porphin CH group missing. It 
was shown recently that the porphyrin ring of haemoglobin, while still combined with 
Fe and globin, may undergo an oxidative opening leading to the formation of chole- 
globin. This is followed by the removal of an Fe-protein compound (haemosideriii) and 
the liberation of biliverdin which undergoes reduction to bilirubin. In this way the 
organism avoids the liberation of highly toxic porphyrins. The easy degradation of 
porphyrins within the living organism contrasts with their great stability outside the 
organism when they are protected from light and oxygen. Under such conditions por- 
phyrins and metallo-porph3n‘ins were found preserved for millions of years in crude 
mineral oils, bituminous oils, coproliths and asphalt. 


Varieties of Haemoglobin, By H. Mtjnbo Fox 


Chlorocruorin, a unique chemical relative of haemoglobin, which is found in the blood of 
certain marine annelid worms, has a haem and porphjnin differing from those of haemo- 
globin. The numerous varieties of haemoglobin itself, including myoglobin in muscles, 
all have the same haem and porph3nin; they differ from one another in their proteins. 

^ The blood pigment of vertebrate animals is distinguished from the haemoglobin (erythro- 
cruorin) found in the blood of certain invertebrates by its molecular weight, its isoelectric 
point and its amino-acid composition; in these particulars chlorocruorin resembles 
erythrocruorin. The haemoglobins of various kinds of animals differ from one anotlier 
in crystal form, spectra, oxygen affinity, resistance to alkali, sulphur content, antigenic 
properties, etc. There are also differences between the haemoglobins of individuals ; these 
are among theTew known individual chemical distinctions. More than one haemoglobin 
has been found to be present in a single individual, either successively during growth, or 
simultaneously. 

The oxygen affinities of the different haemoglobins suit their mode of action. The 
haemoglobins in foetal blood, in muscle, in the blood of carp and of invertebrates living 
in oxygen-deficient surroundings have a high oxygen affinity; they take up oxygen even 
when little is available. The haemoglobins in the blood of active animals, such as trout 
and birds, have a low oxygen affinity; plenty of pxjgeii is available from out.sid('. and it 
is given up by the haemoglobin to the tissues at a relatively high pressure. The oxygen 
affinities of the blood of small invertebrates is at present being studied with an apparatus 
requiring only a drop of whole blood. 

The actual function of haemoglobin in lower animals is not usually obvious, for in- 
vertebrates can be gassed with carbon monoxide without succumbing. The best test of 
its function is to eliminate haemoglobin by means of carbon monoxide and then to 
measure the oxygen consumption of the animal. This has been done satisfactorily only 


PROCEEBINGS OE THE BIOCHEMICAL SOCIETY xxiii 

with four invertebrates; in three of them the respiratory blood pigment functions as an 
oxygen carrier at atmospheric pressure of air and at pressures below this, in one it only 
functions at low oxygen pressures. Care must be taken in these experiments to use 
iiisuincient carbon monoxide to poison tlie cytochrome oxidase. 

^ Haemoglobin is continuously produced and destroyed both in vertebrate animals and 
m annelid worms. Why is this so? And what keeps the haemoglobin level constant? An 
excess of haemoglobin is formed in response to environmental oxygen deficiency in 
mountaineers, in fishes and in Daphnia. What is the internal chemical stimulus for this 
sviitiiesis ■? 


Tetmpyrrolic Compounds in Plants. By R. Hill 

\\ ith the photosynthetic activity of plants are associated the five fluorescent compounds : 
chloropli}dl a and h, Mg-phaeoporphyrin, phycoerythrin and phycocyan. In the algae 
all five pigments occur; chlorophyll a is always present but accompanied by another 
fluorescent pigment often iieculiar to a classified group. Phycoerthyrin and phycocyan 
occiii togCither and were shown by R. Lemberg to belong to the bile pigment series. In 
the highei plants chlorophyll a is always found with chlorophyll b ; the same association 
occurs in many algae. The protochlorophyll which sometimes appears in higher plants 
was shown to be a Mg-phaeoporphyrin by H. Fischer. Direct observations on the presence 
or absence of chlorophjdl b in living cells of different algae have been made by D. W. P. 
Greenham, R. H. Richens and R. Hill; a previously known pigment of the Phaeophyceae 
they found to be a Mg-phaeoporphyrin. 

Cy tochromes discovered in the colourless tissues of green plants by D. Keilin can be said 
to have brought the plant more into the biochemist’s ken. A possibility of removing and 
concentrating the cydochrome system as a whole from certain plant tissues was realized 
by’ K. .Bhagvat and R. Hill. Catalytic properties of the preparation were examined and 
found to resemble similar preparations from mammalian muscle, xllso oxidation and 
reduction of the cytochrome could readily be observed in fiving colourless tissues from 
a variety of plants. This showed that respiration passes significantly through cydochrome 
as in tlie other aerobic organisms originally examined by Keilin. 

Finally’, if the green plant cell is originally derived from an aerobic cell containing 
haematin compounds, substances intermediate between haematin and chlorophyll should 
exist. R. Scarisbrick and R. Hill have examined haem -protein compounds which could 
be obtained from green plants. In the water soluble extract of leaves from a variety of 
plants they^ found cydochrome c and another component having cc band at 5600 A. This 
new haemoehromogen seems to be characteristic of plant cells but is not confined to the 
green parts exclusively. It is autoxidizable but not rapidly enough for catalytic pro- 
peities. It has sharply- defined bands and does not combine with CO. In a 50 % alcoholic 
extract of leaves, however, another haemoehromogen was found. This was designated 
ey'tochrome /. It has different properties from any previously known haemoehromogen. 
The spectrum is very- sharp, resembhng cytochrome c when the latter is cooled in liquid 
air. Both a and ^ bands are complex, showing seven maxima in all : a 5550, 5510, 5450 A. ; 
p 5330, 5250, 5140, 5080 A. The substance shows almost complete non-autoxidizability 
and the redox iiotential is positive to cytochrome c. It seems to be characteristic of green 
tissue and could be obtained in 10 times the amount of the haemoehromogen 5600 A. 
from a given source, the ratio chlorophyll to cytochrome / being about 150:1. This may 
be regarded as a pigment more characteristic of photosynthetic cells than cytochrome 
proper and may- represent one of the substances which determine the failure of chlorophyll 
production in the absence of iron. 



The Constitution of Catalase. By E. E. Hartree 


In 1930 Zeile and Hellstrom prepared a fairiy pure and liigh concentrated preparation of 
catalase whicli yielded crystalline protohaemin on acid hydrolysis. These authors con- 
cluded that catalase consisted of protohaematin combined with a specific protein. 

No investigations of the'^protein have as yet been carried out but in 1935 Stern showed 
that treatment of catalase with acid acetone yielded a mixture of haematiii and bihverdiii. 
Lemberg showed that the biliverdin was derived from an iron-bile pigment group in the 
catalase. The possibility that the bile pigment was present as an impurity in the catalase 
preparation appeared to be ruled out when crystalline horse- and ox-liver catalases w'ore 
split with acetone in the same way to yield a mixtui’e of haematin and biliverdin. The 
ratio biliverdin : haematin was foimd to be approximately constant (1:3) and it was 
therefore assumed that each molecule of catalase contained one molecule of bile pigment 
to three of catalase. Refinement of the analytical methods showed, how^ever, that there 
were significant variations in the 1 : 3 ratio and that the catal^ic activities of purified 
preparations were proportional to the concentration of haematin iron. 

The evidence now available supports the view that the bile pigment groupings in 
catalase are catalytically inactive and arise through contact of the enzyme wdth hydrogen 
peroxide resulting from cellular metaboHsm. The following points lend further support : 
(1) crystalline catalase from blood where peroxide formation is much less than in iivei’ 
is free from bile pigment; (2) the isolation of catalase from horse liver by a method norm- 
ally yielding a preparation with a 1 : 3 ratio can sometimes yield ciystalline material with 
an approximately 2 : 2 ratio ; (3) treatment of catalase preparations with hydrogen per- 
oxide can increase the ratio bile pigment : haematin. 


The Metabolism of the Blood Tetrapyrrolic Pigments. By J. R. P. O’Brien 


The metabolic fate of pyrrole pigments is bound up with the symthesis and degradation 
of haemoglobin. It rests particularly upon the predominating state of the bone marrow 
and liver. Even in adverse conditions the body can adequately supply^ the coiistituents 
for porphyrin synthesis. Yet globin and iron are strongly dependent upon exogenous 
supplies. Haemoglobin synthesis is related to the mamtenance of the plasma proteins 
and protein stores. The mode of assemblage of the three components of haemoglobin 
is still obscure. Much has to be learnt of the structime of haemoglobin althoiigii tlie 
application of physical methods in the study of haemoglobin and the metalhc porphyrins 
is giving hopeful results. With such information, differences in the properties of eor- 
puseular haemoglobin and purified haemoglobin may be explained and the urgent m‘ed 
for an exact method of determination of this pigment satisfied. Methaemoglobiiiaemia 
and / sulphaemoglobinaemia ’ due to drugs points to the necessity for knowledge on the 
conditions maintaining corpuscular haemoglobin in an active state. 

In vitro studies on Hb breakdown have outstripped investigations on l)ile pigineiits 
in humans where they are limited to detection and estimation. From the work of Lem- 
berg, Barkan, Fairley and others the stepwise degradation of Hb may involve methaem- 
albumin, cholebihn, verdohaemochromogens before bilirubin is formed. In the intestine, 
the changes suffered by bilirubin may yield a complex mixture of chromogens. Both tiie 
state of the liver and of the alimentary canal influence the amount of bilirubinoid pig- 
ments in the urine and faeces. It is probable that myoglobin contributes to the faecal 
bilirubinoids as is suggested by the elimination of mesobilifuscin in myopatliies. The 
formation of mesobilifuscin suggests Hb degradation may proceed as far as dipyinyi 
methanes such as pentdyopent. As we have found, estimation of faecal biiirubinoids 
does not give a quantitative measure of the rate of haemoglobin breakdo wn in the body. 
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PROCEEDINGS OE THE BIOCHEMICAL SOCIETY 

There is as yet no real biochemical means of assessing the haematopoietic activity of 
the bone marrow . In this problem the excretion of the coproporphyria isomers I and 
III ina}?’ ultimately prove useful. As we and others have found, increased excretion of 
isomer I is, associated with increased haemopoiesis, whereas in toxic conditions and 
aplastic anaemia isomer III' predominates.- There are, difficulties. The daily output of 
porphyrin fluctuates. Perfect separation of the isomers is difficult so that the relative 
amounts of the isomers even in normal conditions has not been decided. Melting-point 
I is not a good criterion of purity of individual isomers. Slight variations in health and in 
I the state of the liver may be associated with overproduction of porphyrins. Since the 
•ji liver plays so great a part in porphyrin and biiirubinoid metabolism, we have made an 
I intensive study of several tests for hepatic function with the ultimate object of obtaining 
I a closer correlation between the. state of the liver and pigment metabolism in humans. 


The Porph 3 nrijiopathies. By 0. RiMmoTON 

A stud}^ of the porph^ninopathies, diseases accompanied by abnormal production or 
excretion of porphyrin, is essential to a proper understanding of the metabolism of the 
tetrapyuTolic pigments. 

The porph}uins, of which only members of the isomeric series I and III have so far 
been found in nature, are widety distributed in small quantities throughout the animal 
and vegetable kingdoms; their metal complexes in the form of haemodhromogens con-, 
nected with cellular resphation are probably ubiquitous. Uroporph 3 n:.ins are less widely 
distributed than protoporphyrin or the coproporphyrins. The bones and urine of the fox, 
squirrel, the shells of some moliiiscs and the red mng feathers of the African birds, the 
Tumcos^, all normally^ contain appreciable quantities of uroporphyrin. Nevertheless, its 
appearance in man is associated with pathological conditions. 

The porphyTinopathies have been principally studied by Garrod, Gunther and Fischer, 
and since 1935 by’’ Waldenstrom, whose classification of these diseases into (i) porphyri- 
nuria, (2) porphyria congenita, (3) porphycria cutanea tarda, (4) porph 3 rria acuta, is that 
most generally acceptable. Porphyrinuria, which denotes an increase in porphyrin 
; exci'cted in the urine, he separates sharply from the remaining groups, since it may be 
bi'ought about in mi-y individual by certain factors, e.g. hepatic dysfunction, poisoning 
by leatl, siilphonamides, salvarsan, etc., whereas all the other porphyrinopathies rest 
; ■ upon an individual and generally^ famihal idiosyncracy. 

j !\>rphyria (‘ongenita, present from birth, is accompanied by brown discoloration of 
j t he bones tnid light sensitivity. Its occurrence in a herd of bovines has been studied and 
.! from breeding experiments the character appears to be transmitted as a mendelian 
: rec‘essive. The majority of cases are males. Determination, of the porphyrin excretion 
I shows that, although "this is variable, the ratio of the quantity of coproporphyrin to 
' uropor}.)hy’!'iii is approximately’’ constant, 

; PorpiivTia acuta becomes manifest about the second or third decade of life and the 
i tcmdeney' toward this disease is a familiar character behaving as a menj^elian dominant. 
Relatives of aifected persons may, however, excrete appreciable quantities of uropor- 
plivrin in the urine without necessarily suffering from other symptoms of the disease. 
Onset is usually sudden and the typical course followed is that of severe attacks of 
abdominal colic with constipation, vomiting, excretion of large amounts of uroporphyrin 
or a dipyrrimethene precursor of this porphyrin and of a urobilinoid pigment and, finally, 
development of a progressive paralysis which usually proves fatal. 

There are several forms of the disease in which one or other of the main symptoms may 
predominate. Photosensitivity’’ is usually absent. 
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have been put forward concerning the origin of the 
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:a return to a foetal or 

a final pronouncement on this matter.* The 
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